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Abstract 

Objective: To systematically evaluate factors associated with postoperative gastrointestinal dysfunction in elderly patients 

undergoing abdominal surgery. Methods: PubMed, Embase, the Cochrane Library, China National Knowledge Infrastructure, 

Wanfang Data, and the China Biomedical Literature Database were searched from inception to June 30, 2026. Two reviewers 

independently screened studies, extracted data, and assessed methodological quality. Unadjusted and multivariable-adjusted 

estimates were analyzed separately using RevMan 5.4. Results: Twelve observational studies involving 1,616 patients were 

included. Unadjusted analyses showed that several perioperative, patient-related, and disease-related characteristics were 

associated with impaired postoperative gastrointestinal recovery. In adjusted analyses, ascites, prolonged operative time, 

preoperative hypoalbuminemia, increased intraoperative blood loss, and diabetes were associated with higher odds of 

postoperative gastrointestinal dysfunction. However, except for ascites, each adjusted pooled estimate was based on only two 

studies. Considerable clinical and statistical heterogeneity was observed for several outcomes. Conclusion: Several perioperative 

and patient-related characteristics may be associated with postoperative gastrointestinal dysfunction in elderly patients 

undergoing abdominal surgery. Nevertheless, heterogeneous outcome definitions, limited numbers of studies, instability in some 

sensitivity analyses, and the geographic concentration of the evidence limit the certainty and generalizability of these findings. 

Further prospective multicenter studies using standardized outcome definitions are needed. 
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1. Introduction 

As China’s population continues to age, the elderly popula-

tion is growing rapidly. Data from the 7th National Population 

Census show that the total number of elderly people (aged 60 

and older) in China is 260.4 million, accounting for 18.7% of 
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the total population [1]. With the continuous advancement of 

medical technology, the proportion of elderly patients under-

going surgical treatment and the age range of those undergo-

ing such procedures have gradually increased; however, at the 

same time, postoperative complications and functional im-

pairments are receiving increasing attention. According to sta-

tistics, the incidence of postoperative gastrointestinal dysfunc-

tion (POGD) following abdominal surgery ranges from 4% to 

32% [2, 3], Postoperative gastrointestinal dysfunction primar-

ily manifests as nausea, vomiting, abdominal distension, and 

delayed flatus or bowel movements. The decline in physiolog-

ical function among the elderly makes them more susceptible 

to postoperative complications and functional impairments; if 

not managed properly, these can lead to serious complications 

such as intestinal obstruction, necrosis, and infection, thereby 

prolonging the course of illness, increasing the burden on the 

healthcare system, and causing physical and psychological 

distress to elderly patients [4]. To date, only a few studies have 

investigated factors associated with postoperative gastrointes-

tinal dysfunction in elderly patients undergoing abdominal 

surgery; however, the findings have been inconsistent, and ev-

idence regarding these associations remains limited. There-

fore, this study aimed to synthesize the available observational 

evidence on factors associated with postoperative gastrointes-

tinal dysfunction in elderly patients undergoing abdominal 

surgery, thereby providing an evidence base for clinical risk 

assessment and future research. 

2. Method 

2.1. Reporting Guideline and Registration 

This systematic review and meta-analysis was conducted 

and reported in accordance with the Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses (PRISMA) 2020 

statement. The broader research project was registered with 

the Chinese Clinical Trial Registry (ChiCTR; registration 

number: ChiCTR2400085458). However, a separate protocol 

for this systematic review and meta-analysis was not prospec-

tively registered in PROSPERO. 

2.2. Search Strategy 

A computerized search was conducted in PubMed, Embase, 

the Cochrane Library, CNKI, Wanfang Data, and the China 

Biomedical Literature Database, covering the period from the 

establishment of each database through June 2026. A combi-

nation of subject headings and free-text terms was used. For 

Chinese-language literature, the search terms included “geri-

atrics*,” “advanced age,” “abdominal surgery,” “postopera-

tive gastrointestinal dysfunction,” “postoperative gastrointes-

tinal dysfunction,” “postoperative ileus,” “intestinal obstruc-

tion,” “postoperative delayed ileus,” “risk factors,” “influenc-

ing factors,” and “predictive factors.” 

For an example of an English-language search using Pub-

Med, see Figure 1. 

 
Figure 1. PubMed search strategy. 

2.3. Inclusion and Exclusion Criteria for 

Studies 

Inclusion Criteria: (1) The study design was a cohort study 

or a case-control study; (2) the study population comprised 

patients aged 60 years or older who underwent abdominal sur-

gery; (3) the outcome of interest was postoperative gastroin-

testinal dysfunction or impaired postoperative gastrointestinal 

recovery. Because the included studies used different opera-

tional definitions, eligible outcomes included delayed recov-

ery of gastrointestinal function, prolonged postoperative ileus, 
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delayed passage of flatus or defecation, and postoperative in-

testinal obstruction. The specific outcome definition used in 

each study was recorded during data extraction and is pre-

sented in Table 1. For consistency of presentation, POGD was 

used as an umbrella term in this review, while differences in 

outcome definitions were considered when interpreting the 

pooled results; and (4) the study reported potential risk factors 

for postoperative gastrointestinal dysfunction or provided suf-

ficient data to calculate the corresponding effect estimates. 

Exclusion criteria: (1) Conference abstracts, duplicate pub-

lications, or studies from which relevant data could not be ex-

tracted; and (2) studies in which participants had already de-

veloped gastrointestinal dysfunction or intestinal obstruction 

before surgery or at hospital admission. 

2.4. Literature Screening and Data Extraction 

Two researchers independently screened the literature, ex-

tracted data, and cross-checked their findings. Titles and ab-

stracts were first reviewed to exclude clearly irrelevant studies, 

after which the full texts of potentially eligible studies were 

assessed according to the predefined inclusion and exclusion 

criteria. Disagreements were resolved through discussion or 

consultation with a third researcher. 

Data were extracted using a standardized Excel spreadsheet. 

The extracted information included the first author, year of 

publication, study design, country or region, sample size, pa-

tient characteristics, type of abdominal surgery, definition of 

postoperative gastrointestinal dysfunction or impaired gastro-

intestinal recovery, number of patients with and without the 

outcome, potential risk factors, and corresponding effect esti-

mates. For continuous and dichotomous variables, raw data 

were extracted when available. For studies reporting multivar-

iable logistic regression analyses, adjusted odds ratios (ORs) 

and their 95% confidence intervals (CIs) were extracted sepa-

rately. 

2.5. Quality Assessment 

Two researchers used the Newcastle-Ottawa Scale (NOS) 

to assess the quality of the literature in cohort studies and case-

control studies, respectively [5]; in cases of disagreement, a 

third researcher was consulted. The assessment covered three 

dimensions and eight items, with a maximum score of 9 points; 

a score of 6 or higher was considered to indicate high quality. 

2.6. Statistical Methods 

Meta-analysis was performed using RevMan 5.4 software. 

Unadjusted analyses and multivariable-adjusted analyses 

were conducted separately according to the types of data re-

ported in the included studies. For unadjusted analyses, sam-

ple sizes, means, and standard deviations were extracted for 

continuous variables in patients with impaired and normal 

postoperative gastrointestinal recovery. When the units of 

measurement were consistent across studies, the mean differ-

ence (MD) and its 95% confidence interval (CI) were used as 

the effect measure; when the units or measurement scales dif-

fered across studies, the standardized mean difference (SMD) 

and its 95% CI were used. For dichotomous variables, odds 

ratios (ORs) and their 95% CIs were calculated based on the 

numbers of exposed and non-exposed participants in the out-

come and non-outcome groups. 

For studies reporting results from multivariable logistic re-

gression analyses, adjusted ORs and their 95% CIs were ex-

tracted and pooled using the generic inverse-variance method. 

Unadjusted and adjusted estimates were analyzed separately 

and were not combined in the same pooled analysis. Meta-

analysis was performed when at least two clinically compara-

ble studies reported the same factor and sufficient data were 

available for pooling. Factors reported by only one study or 

those for which the available data were not sufficiently com-

parable were summarized descriptively. 

Statistical heterogeneity was assessed using the χ2 test 

and the I2 statistic. When P ≥ 0.10 and I2 ≤ 50%, hetero-

geneity was considered low, and a fixed-effect model was 

used; when P < 0.10 or I2 > 50%, substantial heterogeneity 

was considered to exist, and a random-effects model was ap-

plied. When substantial heterogeneity was identified, potential 

clinical and methodological sources of heterogeneity, includ-

ing differences in surgical procedures, patient characteristics, 

outcome definitions, and measurement or categorization of 

potential factors, were considered. Leave-one-out sensitivity 

analyses were performed by sequentially excluding individual 

studies. Where sufficient data were available, subgroup anal-

yses were performed according to outcome definitions to ex-

plore potential clinical heterogeneity, and subgroup differ-

ences were assessed using the test for subgroup differences 

provided by RevMan. 

For factors reported in at least 10 studies, funnel plots were 

used to visually assess potential publication bias. For pooled 

analyses involving fewer than 10 studies, publication bias was 

not formally assessed because of the limited reliability of fun-

nel plot interpretation with small numbers of studies. A two-

sided P value < 0.05 was considered statistically significant. 

3. Results 

3.1. Literature Search Results 

A total of 1,920 articles were retrieved (1,443 in English 

and 477 in Chinese). After excluding duplicates, 1,844 articles 

remained. Following an initial screening based on titles and 

abstracts, 39 articles were selected. After a secondary screen-

ing of the full texts based on inclusion and exclusion criteria, 

12 articles were ultimately included (4 were excluded due to 

mismatched study types, 12 due to mismatched study popula-

tions, 6 due to mismatched outcome measures, 4 due to una-

vailability of full texts, and 1 due to unavailability of complete 

http://www.sciencepg.com/journal/ijg


International Journal of Gastroenterology http://www.sciencepg.com/journal/ijg 

 

105 

data). See Figure 2 for the specific process. 

 
Figure 2. Flow of study selection. 

3.2. Key Characteristics of the Included Studies 

and Results of Quality Assessments 

The 12 studies included in this review were published be-

tween 2014 and 2025; of these, 4 [6-9] were cohort studies and 

8 [10-17] were case-control studies. The studies included a to-

tal of 1,616 participants. The included studies covered a het-

erogeneous range of abdominal surgical procedures, including 

gastrointestinal tumor surgery, colorectal surgery, rectal and 

colon cancer surgery, and other major abdominal procedures. 

Several studies included both open and laparoscopic ap-

proaches. Detailed surgical types are presented in Table 1. A 

total of 24 potential risk factors were reported across the 12 

studies. The included studies were scored according to the 

NOS criteria, with scores ranging from 6 to 8, indicating gen-

erally good overall quality. The basic characteristics of the in-

cluded studies and the results of the quality assessment are 

presented in Table 1. 

Table 1. Basic characteristics and NOS quality assessment of included studies. 

Included 

study 

(year) 

Coun-

try/re-

gion 

Study de-

sign 

POGD/ 

Total 
Age (years) Type of surgery 

POGD assess-

ment 

Multi-

variable 

risk fac-

tors 

NOSscore 

Chen 

2014 
China 

Cohort 

study 
23/64 71.2±1.4 

Gastrointestinal 

tumor surgery 

(gastric, rectal, 

and colon 

cancers) 

Whether the 

time to first 

flatus or 

defecation 

exceeded 7 d 

(9) (10) 

(12) (15) 
7 

Luo 2015 China 
Case-con-

trol study 
42/180 71.7±9.4 

Appendectomy; 

cholecystec-

tomy; gastric 

cancer resection; 

common bile 

duct surgery; 

colorectal cancer 

radical surgery; 

Whether post-

operative ad-

hesive intesti-

nal obstruction 

occurred 

(4) (7) 

(16) (17) 

(18) (21) 

6 

 

 

 

 

 

 

 

 

Chinese and English databases (n =1920); CNKI (n = 

4); CBM (n =312 ); Wanfang Data (n = 161); 

PubMed (n =353 ); Embase (n =715 ); Cochrane 

Library (n =375) 

Reports excluded after full-text assessment (n =27) 

Ineligible study design (n = 4) 

Ineligible study population (n = 12) 

Ineligible outcomes (n = 6) 

Full text unavailable (n = 4) 

Incomplete data unavailable (n = 1) 

Records after duplicates removed (n=1844)  

Duplicate records(n=76) 

Records screened (n=39)  

Records excluded based on 

title and abstract (n=1805) 

Studies included in the meta-analysis (n=12)  
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Included 

study 

(year) 

Coun-

try/re-

gion 

Study de-

sign 

POGD/ 

Total 
Age (years) Type of surgery 

POGD assess-

ment 

Multi-

variable 

risk fac-

tors 

NOSscore 

intestinal anasto-

mosis; pancreati-

coduodenectomy 

Zhang Q 

2016 
China 

Case-con-

trol study 
24/86 69.5±5.3 

Open gastroin-

testinal tumor 

surgery (gastric, 

colon, and rectal 

cancers) 

Whether the 

time to first 

flatus or defe-

cation ex-

ceeded 7 d 

(7) (8) 

(9) (10) 

(12) (13) 

(15) 

7 

Zeng 

2017 
China 

Case-con-

trol study 
10/214 72.7±9.5 

Rectal cancer 

surgery (specific 

procedure not 

reported) 

Whether post-

operative in-

testinal ob-

struction oc-

curred 

(1) (2) 

(6) (9) 

(22) 

7 

Li 2017 China 
Case-con-

trol study 
60/120 71.52±5.23 

Various ab-

dominal surger-

ies, including 

appendectomy, 

colorectal cancer 

radical surgery, 

and intestinal 

anastomosis 

Whether post-

operative ad-

hesive intesti-

nal obstruction 

occurred 

(4) (7) 

(16) (17) 

(18) (21) 

6 

Liu 2018 China 
Case-con-

trol study 
43/86 75.19±5.21 

Gastrointestinal 

tumor surgery 

(gastric and col-

orectal cancers) 

Whether the 

time to first 

flatus or defe-

cation ex-

ceeded 8 d 

(9) (10) 

(12) 
7 

Zhang D 

2020 
China 

Case-con-

trol study 
40/158 71.11±2.35 

Colon cancer 

surgery (open or 

laparoscopic) 

Whether the 

time to first 

flatus or defe-

cation ex-

ceeded 7 d 

(8) (9) 

(10) (12) 
7 

Zhang D. 

C. 2020 
China 

Case-con-

trol study 
12/71 73.1±4.6 

Rectal cancer 

surgery (specific 

procedure not 

reported) 

Whether post-

operative in-

testinal ob-

struction oc-

curred 

(1) (2) 

(3) (5) 

(9) (22) 

7 

Ma 2021 China 
Case-con-

trol study 
37/95 71.1±2.11 

Gastrointestinal 

tumor surgery 

(specific proce-

dure not re-

ported) 

Whether the 

time to first 

flatus or defe-

cation ex-

ceeded 7 d 

(7) (9) 

(10) (11) 

(12) (13) 

(14) 

7 

Xiong et 

al. 2024 
China 

Prospec-

tive co-

hort study 

95/203 72.6 

Laparoscopic 

major abdominal 

surgery (gastric, 

small bowel, co-

lonic, and rectal 

surgery) 

Whether pro-

longed postop-

erative ileus 

occurred 

(19) 8 

Niu 2024 China 

Retro-

spective 

cohort 

study 

80/185 
69.53±8.24 / 

69.72±8.42 

Gastrointestinal 

tumor surgery 

(gastric, rectal, 

Whether de-

layed recovery 

of gastrointes-

tinal function 

(8) (10) 

(12) (14) 
8 
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Included 

study 

(year) 

Coun-

try/re-

gion 

Study de-

sign 

POGD/ 

Total 
Age (years) Type of surgery 

POGD assess-

ment 

Multi-

variable 

risk fac-

tors 

NOSscore 

and colon can-

cers) 

occurred 

Lu 2025 China 

Retro-

spective 

cohort 

study 

46/154 71.64±6.80 

Colorectal sur-

gery (resection, 

anastomosis, or 

stoma; open or 

laparoscopic) 

Whether pro-

longed postop-

erative ileus 

occurred 

(3) (9) 

(14) (21) 

(23) (24) 

8 

Risk-factor codes: (1) sex; (2) smoking history; (3) history of abdominal surgery; (4) pathological stage; (5) pathological type; (6) stoma; 

(7) diabetes history; (8) body mass index; (9) operative time; (10) ascites; (11) history of gastrointestinal disease; (12) intraoperative blood 

loss; (13) intraoperative fluid infusion; (14) preoperative serum protein/albumin level; (15) preoperative fatigue score; (16) ASA grade; 

(17) drainage tube placement; (18) postoperative infection; (19) preoperative frailty; (20) time to first ambulation after surgery; (21) surgi-

cal type; (22) tumor location; (23) age; (24) preoperative hemoglobin/anemia. 

Abbreviations: POGD, postoperative gastrointestinal dysfunction; PPOI, prolonged postoperative ileus; POD, postoperative day; ASA, 

American Society of Anesthesiologists; NOS, Newcastle-Ottawa Scale. 

 

3.3. Results of the Unadjusted Meta-Analyses 

Because the included studies used different definitions of 

postoperative gastrointestinal outcomes, including delayed 

gastrointestinal recovery, prolonged postoperative ileus, and 

postoperative intestinal obstruction, the pooled results pre-

sented below should be interpreted as associations with im-

paired postoperative gastrointestinal recovery rather than as 

estimates for a completely uniform clinical outcome. 

3.3.1. Perioperative Factors 

Seven studies [6-9, 11, 14, 17] reported on the association 

between operative time and poor postoperative gastrointesti-

nal recovery, involving a total of 827 patients. There was high 

heterogeneity among the studies (I2 = 92%, P < 0.00001), so a 

random-effects model was used for analysis. The results 

showed that the duration of surgery was longer in the poor re-

covery group than in the good recovery group, with a statisti-

cally significant difference (MD = 46.47 min, 95% CI: 25.32-

67.62, P < 0.0001), suggesting that prolonged surgical dura-

tion may be associated with poor postoperative gastrointesti-

nal recovery. 

Four studies [6, 11, 14, 17] reported on the association be-

tween total intraoperative fluid administration and poor post-

operative gastrointestinal recovery, involving a total of 331 

patients. Given the high heterogeneity among the studies (I2 = 

99%, P < 0.00001), a random-effects model was used for 

meta-analysis. The results showed that the intraoperative fluid 

volume in the poor recovery group was 1,661.00 mL higher 

on average than in the good recovery group, a difference that 

was statistically significant (MD = 1,661.00, 95% CI: 848.76-

2,473.24, P < 0.0001), suggesting that a higher intraoperative 

fluid volume may be associated with poor postoperative gas-

trointestinal recovery. 

Six studies [6, 8, 9, 11, 14, 17] reported on the association 

between intraoperative blood loss and poor postoperative gas-

trointestinal recovery, involving a total of 624 patients. Given 

the high heterogeneity among the studies (I2 = 99%, P < 

0.00001), a random-effects model was used for meta-analysis. 

The results showed that the group with poor recovery had an 

average increase of 423.29 mL in intraoperative blood loss 

compared with the group with good recovery, and the differ-

ence was statistically significant (MD = 423.29, 95% CI: 

266.77-579.81, P < 0.00001), suggesting that higher in-

traoperative blood loss is associated with poor postoperative 

gastrointestinal function recovery. 

3.3.2. Patient-Related Factors 

Five studies [6, 8, 9, 14, 17] involving 538 patients reported 

preoperative serum albumin levels. Substantial heterogeneity 

was observed (I2 = 84%, P < 0.0001), and a random-effects 

model was used. Serum albumin levels were significantly 

lower in patients with impaired postoperative gastrointestinal 

recovery than in those with normal recovery (MD = −2.57 g/L, 

95% CI: −4.96 to −0.18, P = 0.04). 

Ten studies [6-12, 14, 15, 17] involving 1,379 patients eval-

uated diabetes. Moderate heterogeneity was observed (I2 = 

58%, P = 0.01), and a random-effects model was used. Diabe-

tes was associated with higher odds of impaired postoperative 

gastrointestinal recovery (OR = 1.65, 95% CI: 1.04-2.62, P = 

0.03). 

To further explore potential clinical heterogeneity, a sub-

group analysis was performed according to outcome defini-

tion. In studies using prolonged postoperative ileus (PPOI) as 

the outcome, diabetes was not significantly associated with 
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impaired postoperative gastrointestinal recovery (OR = 0.75, 

95% CI: 0.41-1.37, P = 0.35; I2 = 0%). In studies defining the 

outcome as delayed or impaired gastrointestinal recovery, di-

abetes was associated with higher odds of impaired postoper-

ative gastrointestinal recovery (OR = 2.20, 95% CI: 1.31-3.70, 

P = 0.003; I2 = 41%). In studies using postoperative intestinal 

obstruction as the outcome, the pooled association was not sta-

tistically significant (OR = 1.43, 95% CI: 0.28-7.31, P = 0.67; 

I2 = 76%). The test for subgroup differences was statistically 

significant (Chi2 = 7.12, df = 2, P = 0.03), suggesting that dif-

ferences in outcome definition may have contributed to the 

heterogeneity observed in the overall analysis. 

Three studies [7, 12, 16] involving 488 patients evaluated 

chronic obstructive pulmonary disease (COPD). No substan-

tial heterogeneity was observed (I2 = 0%, P = 0.38), and a 

fixed-effect model was used. COPD was associated with 

higher odds of impaired postoperative gastrointestinal recov-

ery (OR = 1.82, 95% CI: 1.08-3.09, P = 0.03). 

Four studies [7, 9, 12, 16] involving 596 patients reported a 

history of previous abdominal surgery. No substantial hetero-

geneity was observed (I2 = 0%, P = 0.75), and a fixed-effect 

model was used. A history of previous abdominal surgery was 

associated with higher odds of impaired postoperative gastro-

intestinal recovery (OR = 1.87, 95% CI: 1.13-3.08, P = 0.01). 

Three studies [6, 14, 17] involving 245 patients reported a 

history of gastrointestinal disease. No substantial heterogene-

ity was observed (I2 = 0%, P = 0.93), and a fixed-effect model 

was used. A history of gastrointestinal disease was associated 

with higher odds of impaired postoperative gastrointestinal re-

covery (OR = 5.14, 95% CI: 2.17-12.17, P = 0.0002). 

 
Figure 3. Subgroup analysis of the association between diabetes and impaired postoperative gastrointestinal recovery according to outcome 

definition. 

3.3.3. Disease-Related Factors 

Six studies [6, 8, 11, 14, 15, 17] involving 674 patients eval-

uated ascites. No substantial heterogeneity was observed (I2 = 

0%, P = 0.50), and a fixed-effect model was used. Ascites was 

associated with higher odds of impaired postoperative gastro-

intestinal recovery (OR = 4.02, 95% CI: 2.59-6.25, P < 

0.00001). 

Four studies reported the association between higher Amer-

ican Society of Anesthesiologists (ASA) classification and 

impaired postoperative gastrointestinal recovery. In one study, 

the distribution of patients with ASA class III was inconsistent 

with the findings reported in the univariate and multivariable 

analyses, and the direction of the extracted data could not be 

reliably determined; therefore, the relevant data from this 

study were excluded from the primary pooled analysis. Mod-

erate heterogeneity was observed (I2 = 59%, P = 0.06), and a 

random-effects model was used. Higher ASA classification 

was associated with higher odds of impaired postoperative 

gastrointestinal recovery (OR = 2.24, 95% CI: 1.16-4.30, P = 

0.02). 

Three studies [8, 10, 12] evaluated advanced TNM stage, 

involving 446 patients. In one study, the distribution of pa-

tients across TNM-stage groups was inconsistent with the re-

ported univariate and multivariable findings, and the direction 
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of the extracted data could not be reliably determined; there-

fore, the relevant data from this study were excluded from the 

primary pooled analysis. Substantial heterogeneity was ob-

served (I2 = 65%, P = 0.06), and a random-effects model was 

used. Advanced TNM stage was associated with higher odds 

of impaired postoperative gastrointestinal recovery (OR = 

5.07, 95% CI: 1.48-17.32, P = 0.01). 

3.3.4. Other Factors 

Two studies [12, 16] evaluated operative time >2 h. No sub-

stantial heterogeneity was observed (I2 = 0%, P = 0.55), and a 

fixed-effect model was used. The pooled association did not 

reach conventional statistical significance (OR = 2.79, 95% CI: 

0.99-7.90, P = 0.05); therefore, the current evidence is insuf-

ficient to establish an association between operative time >2 h 

and impaired postoperative gastrointestinal recovery. 

One study [8] reported the time to urinary catheter removal. 

The time to catheter removal was 0.78 days longer in patients 

with impaired postoperative gastrointestinal recovery than in 

those with normal recovery (MD = 0.78 days, 95% CI: 0.04-

1.52, P = 0.04). 

One study [15] categorized intraoperative blood loss using 

a threshold of 1,500 mL. In the impaired recovery group, 65.0% 

(26/40) of patients had intraoperative blood loss ≥1,500 mL 

compared with 36.4% (43/118) in the normal recovery group. 

The single-study estimate showed an association between in-

traoperative blood loss ≥1,500 mL and impaired postopera-

tive gastrointestinal recovery (OR = 3.24, 95% CI: 1.53-6.86, 

P = 0.002). 

One study [15] categorized BMI using a cutoff of 24 kg/m2. 

BMI ≥24 kg/m2 was associated with higher odds of impaired 

postoperative gastrointestinal recovery (OR = 3.79, 95% CI: 

1.75-8.19, P = 0.0007). Because the latter findings were each 

derived from a single study, they were not quantitatively 

pooled and should be interpreted cautiously. 

 
Figure 4. Forest plots of the associations between major continuous variables and postoperative gastrointestinal dysfunction. 
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Table 2. Meta-analysis results of factors associated with postoperative gastrointestinal dysfunction. 

Associated factor No. of studies Effect measure 
Pooled effect  

estimate 
95% CI I2 Model 

History of diabetes mellitus 10 OR 1.65 1.04-2.62 58% Random-effects 

Ascites 6 OR 4.02 2.59-6.25 0% Fixed-effect 

COPD 3 OR 1.82 1.08-3.09 0% Fixed-effect 

History of abdominal surgery 4 OR 1.87 1.13-3.08 0% Fixed-effect 

History of gastrointestinal disease 3 OR 5.14 2.17-12.17 0% Fixed-effect 

Higher ASA class 4 OR 2.24 1.16-4.30 59% Random-effects 

Advanced TNM stage 3 OR 5.07 1.48-17.32 65% Random-effects 

 

3.4. Sensitivity Analysis 

Leave-one-out sensitivity analyses were performed by se-

quentially excluding individual studies. For operative time, in-

traoperative fluid volume, and intraoperative blood loss, the 

pooled MDs ranged from 41.79 to 54.47 min, 1,219.95 to 

1,951.22 mL, and 206.92 to 545.29 mL, respectively. The di-

rection of the pooled effects and their statistical significance 

remained unchanged, indicating that the overall associations 

were relatively stable. After exclusion of the study by Niu et 

al. [8], heterogeneity for operative time decreased from I2 = 

92% to 57%. Exclusion of the study by Chen et al. [6] sub-

stantially altered the pooled estimate for intraoperative blood 

loss. However, heterogeneity for intraoperative fluid volume 

and intraoperative blood loss remained substantial in most 

analyses, and the magnitude of these pooled estimates should 

therefore be interpreted cautiously. 

Sensitivity analyses for preoperative serum albumin, diabe-

tes, higher ASA classification, and advanced TNM stage 

showed less robust results. Although the overall direction of 

the associations generally remained unchanged, the pooled es-

timates lost statistical significance after exclusion of individ-

ual studies in some analyses. For diabetes, exclusion of Chen 

et al. [6] reduced heterogeneity from I2 = 58% to 45%. For 

higher ASA classification, exclusion of Niu et al. [8] reduced 

heterogeneity from I2 = 59% to 41%. For advanced TNM stage, 

the pooled association was no longer statistically significant 

after exclusion of Zeng et al. [12]. These findings indicate that 

the pooled estimates for several factors were sensitive to indi-

vidual studies and should not be considered robust. 

Overall, the sensitivity analyses suggest that the findings 

for operative time and several intraoperative variables were 

relatively stable in direction, although substantial heterogene-

ity remained, whereas the findings for serum albumin, diabe-

tes, ASA classification, and TNM stage showed limited ro-

bustness. 

3.5. Meta-Analysis of Multivariable-Adjusted 

Estimates 

Multivariable-adjusted ORs were pooled separately from 

unadjusted estimates. Six studies [6, 8, 11, 14, 15, 17] reported 

adjusted estimates for ascites. Substantial heterogeneity was 

observed (I2 = 79%, P = 0.0002), and a random-effects model 

was used. Ascites was associated with higher adjusted odds of 

impaired postoperative gastrointestinal recovery (OR = 3.94, 

95% CI: 1.79-8.68, P = 0.0006). 

Leave-one-out sensitivity analyses were performed for as-

cites. After sequential exclusion of individual studies, the 

pooled adjusted ORs ranged from 3.26 to 5.77, and all corre-

sponding 95% CIs remained above 1, indicating that the di-

rection and statistical significance of the association were sta-

ble. Notably, after exclusion of the study by Niu et al. [8], het-

erogeneity decreased from I2 = 79% to 0%, while the pooled 

association remained statistically significant (OR = 5.77, 95% 

CI: 3.56-9.35, P < 0.00001). This suggests that the study by 

Niu et al. may have been an important source of heterogeneity, 

although its exclusion did not materially alter the overall as-

sociation. 

Adjusted estimates for diabetes, prolonged operative time, 

preoperative hypoalbuminemia, and increased intraoperative 

blood loss were each available from only two studies. Hetero-

geneity was I2 = 0%, 0%, 26%, and 0%, respectively, and 

fixed-effect models were used. The pooled adjusted ORs were 

1.65 (95% CI: 1.10-2.46, P = 0.02) for diabetes, 4.09 (95% CI: 

2.15-7.78, P < 0.0001) for prolonged operative time, 3.78 (95% 

CI: 1.96-7.28, P < 0.0001) for preoperative hypoalbuminemia, 

and 3.42 (95% CI: 1.93-6.05, P < 0.0001) for increased in-

traoperative blood loss. 

Although these pooled adjusted estimates suggested associ-

ations with impaired postoperative gastrointestinal recovery, 

the estimates for diabetes, prolonged operative time, preoper-

ative hypoalbuminemia, and intraoperative blood loss were 

each based on only two studies. Moreover, the definitions of 
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prolonged operative time, hypoalbuminemia, and high in-

traoperative blood loss were not fully consistent across studies, 

and the original regression models may have adjusted for dif-

ferent sets of confounding variables. Therefore, these findings 

should be considered preliminary and interpreted cautiously 

rather than regarded as definitive evidence of independent risk 

factors. 

 
Figure 5. Forest plots of the meta-analysis of multivariable logistic regression results. 

3.6. Publication Bias 

Publication bias was visually assessed for the unadjusted 

association between diabetes and impaired postoperative gas-

trointestinal recovery, for which 10 studies were available. 

Visual inspection of the funnel plot showed some asymmetry; 

however, given the limited number of studies, the presence of 

publication bias could not be conclusively determined. Publi-

cation bias was not formally assessed for the remaining pooled 

factors because fewer than 10 studies were available for each 

analysis. 
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Figure 6. Funnel plot for the unadjusted association between diabe-

tes and impaired postoperative gastrointestinal recovery. 

4. Discussion 

4.1. Surgery-Related Factors 

The findings of this meta-analysis suggest that prolonged 

operative time, greater intraoperative blood loss, increased in-

traoperative fluid administration, and ascites were associated 

with impaired postoperative gastrointestinal recovery in el-

derly patients undergoing abdominal surgery. These observed 

associations may reflect greater surgical complexity, inflam-

matory burden, hemodynamic disturbances, and impaired gas-

trointestinal microcirculation; however, causal relationships 

cannot be established from the observational evidence in-

cluded in this review. 

Specifically, although baseline operative times differed 

across abdominal surgical procedures, longer operative time 

may partly reflect greater surgical complexity and disease bur-

den. Prolonged surgical exposure may also be accompanied 

by greater tissue injury and physiological stress, which could 

contribute to delayed gastrointestinal recovery. Therefore, 

prolonged operative time should be interpreted primarily as a 

marker associated with impaired postoperative recovery rather 

than as a confirmed direct cause. 

Ascites may reflect underlying disease severity, inflamma-

tory activity, or altered fluid balance, all of which may be as-

sociated with impaired gastrointestinal recovery. Greater in-

traoperative blood loss may be accompanied by reduced cir-

culating volume, impaired tissue oxygenation, and disturb-

ances in gastrointestinal microcirculatory perfusion [18]. Sim-

ilarly, higher intraoperative fluid administration may be asso-

ciated with interstitial fluid retention and intestinal wall edema, 

which could adversely affect gastrointestinal recovery [19]. 

These findings support careful perioperative monitoring and 

individualized fluid and hemodynamic management, although 

whether modifying these factors directly reduces the occur-

rence of POGD requires further prospective investigation. 

 

4.2. Low Serum Albumin, Diabetes 

The pooled adjusted analyses suggested that preoperative 

hypoalbuminemia and diabetes may be associated with higher 

odds of POGD. However, because the adjusted estimates for 

each factor were derived from only two studies, these findings 

should be interpreted cautiously and should not be regarded as 

definitive evidence of independent causal effects. Compared 

with perioperative factors such as surgical trauma, a patient’s 

baseline condition reflects the body’s ability to tolerate surgi-

cal stress; due to reduced physiological reserves, elderly pa-

tients are more susceptible to the effects of malnutrition and 

metabolic abnormalities. Conducting a comprehensive pre-

operative risk assessment can help identify patients at high 

risk for POGD at an early stage. In addition, the leave-one-out 

sensitivity analyses indicated limited robustness of the pooled 

findings for both serum albumin and diabetes, further support-

ing cautious interpretation of these associations. 

In terms of nutritional reserves, low serum albumin may re-

flect poorer nutritional status, impaired immune function, and 

greater inflammatory burden. These conditions may be asso-

ciated with reduced tissue repair capacity and impaired intes-

tinal mucosal barrier function, providing biologically plausi-

ble explanations for the observed association between hypoal-

buminemia and impaired postoperative gastrointestinal recov-

ery [20]. The present findings therefore support consideration 

of preoperative nutritional assessment, although whether cor-

rection of hypoalbuminemia directly reduces POGD cannot be 

determined from the available evidence. For diabetes, several 

potential mechanisms may help explain the observed associa-

tion with POGD, including autonomic and enteric neuropathy, 

microvascular dysfunction, oxidative stress, and chronic in-

flammation associated with long-term hyperglycemia [21]. 

Diabetes-related immune and microvascular abnormalities 

may also be associated with poorer postoperative recovery 

[22]. These findings support careful perioperative assessment 

and management of glycemic status; however, whether tighter 

glycemic control directly reduces the occurrence of POGD re-

quires confirmation in prospective interventional studies. 

Notably, the subgroup analysis according to outcome defi-

nition showed that the association between diabetes and post-

operative gastrointestinal outcomes varied across outcome 

categories. A statistically significant association was observed 

in studies defining the outcome as delayed or impaired gastro-

intestinal recovery, whereas no significant association was ob-

served in studies using PPOI or postoperative intestinal ob-

struction as the outcome. The test for subgroup differences 

was statistically significant (P = 0.03), suggesting that differ-

ences in outcome definition may partly explain the heteroge-

neity of the overall diabetes analysis. Given the small number 

of studies within individual subgroups, however, these sub-

group findings should be considered exploratory. 
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4.3. Patients’ Underlying Medical Conditions 

COPD, a history of previous abdominal surgery, and a his-

tory of gastrointestinal disease were associated with impaired 

postoperative gastrointestinal recovery in elderly patients un-

dergoing abdominal surgery. These associations may reflect 

differences in physiological reserve, pre-existing gastrointes-

tinal function, and the ability to tolerate surgical stress. COPD 

may be associated with poorer postoperative recovery through 

chronic hypoxia, systemic inflammation, and reduced func-

tional reserve, while reduced exercise tolerance may also limit 

early mobilization [23]. A history of previous abdominal sur-

gery or gastrointestinal disease may indicate intra-abdominal 

adhesions, structural alterations, or pre-existing gastrointesti-

nal dysfunction, which could be associated with delayed re-

covery after subsequent surgery [24]. Thus, these preoperative 

characteristics may serve as markers of patients who are more 

likely to experience impaired postoperative gastrointestinal 

recovery. Their presence should not, however, be interpreted 

as evidence of a direct causal effect. 

4.4. Factors Reflecting Disease Severity 

Higher ASA classification and advanced TNM stage were 

associated with impaired postoperative gastrointestinal recov-

ery. These indicators may reflect poorer overall health status, 

greater comorbidity burden, and more advanced disease rather 

than acting as direct causes of POGD. Higher ASA classifica-

tion is generally associated with reduced physiological reserve 

and lower tolerance to surgical stress [25], whereas advanced 

TNM stage may reflect greater tumor burden, systemic in-

flammation, and nutritional impairment [26]. However, the 

sensitivity analyses showed limited robustness of the pooled 

associations for both ASA classification and TNM stage. 

Therefore, these findings should be interpreted cautiously and 

regarded as indicators associated with postoperative gastroin-

testinal recovery rather than definitive causal risk factors. 

4.5. Limitations Arising from Heterogeneity in 

Sources and Outcomes 

This study identified varying degrees of heterogeneity in 

the analysis of factors such as operative time, intraoperative 

fluid volume, intraoperative blood loss, preoperative serum al-

bumin, diabetes, high ASA classification and advanced TNM 

stage. Sensitivity analyses indicated that heterogeneity de-

creased or the pooled effect size changed following the exclu-

sion of certain studies; however, heterogeneity regarding fac-

tors such as intraoperative fluid volume, intraoperative blood 

loss and preoperative serum albumin levels remained inade-

quately explained. Heterogeneity between studies may be re-

lated to differences in surgical procedure, patient characteris-

tics, perioperative management measures, methods of meas-

uring or grouping influencing factors, and criteria for as-

sessing gastrointestinal dysfunction. Therefore, the corre-

sponding pooled effect estimates should be interpreted with 

caution. The subgroup analysis of diabetes further indicated 

that the pooled association differed according to the definition 

of the postoperative gastrointestinal outcome, supporting out-

come-definition heterogeneity as a potential source of be-

tween-study variability. However, the limited number of stud-

ies within each subgroup precluded definitive conclusions. 

Furthermore, the limitations of this study include: (1) the 

limited number of included studies, which focused solely on 

domestic research; there are few relevant international studies, 

and the strength of evidence for some risk factors is insuffi-

cient; (2) Some studies had small sample sizes, which may 

have led to unstable estimates of effect sizes; (3) The results 

of the meta-analysis are limited to observational studies and 

cannot establish a definitive causal relationship. Consequently, 

future validation requires large-sample, multicentre prospec-

tive studies with a standardised definition of outcomes. 

5. Conclusion 

The available observational evidence suggests that several 

perioperative, patient-related, and disease-related characteris-

tics are associated with impaired postoperative gastrointesti-

nal recovery in elderly patients undergoing abdominal surgery. 

However, substantial clinical and statistical heterogeneity, 

variation in outcome definitions, the limited number of studies 

contributing to several adjusted estimates, and instability of 

some findings in sensitivity analyses reduce the certainty of 

the evidence. In addition, all included studies were conducted 

in China, which may limit the generalizability of the findings. 

Therefore, these results should be interpreted as associations 

rather than causal relationships. Large, prospective, multicen-

ter studies using standardized definitions of postoperative gas-

trointestinal dysfunction are needed to confirm these findings. 
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