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Abstract
Purposes  This study aimed to explore the effect of increased body mass index (BMI) values (overweight: BMI ≥ 25–30 kg/
m2; obese: BMI ≥ 30 kg/m2) on surgical outcomes after radical resection for low rectal cancer (LRC).
Methods  Patients with LRC who underwent radical surgery from January 2009 to December 2013 were included. The 
patients were divided into three groups according to their BMI values (control group: BMI < 25 kg/m2; overweight group: 
BMI 25 to < 30 kg/m2; obese group: BMI ≥ 30 kg/m2). The patients’ clinicopathological characteristics and survival data 
were collected and analyzed.
Results  A total of 792 patients were enrolled in this study finally (control, n = 624; overweight, n = 147; obese, n = 21). 
The baseline characteristics of the three groups were similar. We found that an increased BMI was associated with a longer 
operative time (P < 0.001) and length of postoperative hospital stay (P = 0.032). Patients with increased BMI values had a 
significantly higher incidence of postoperative complications, including pulmonary infection (P = 0.008), anastomotic leakage 
(P = 0.029), allergy (P = 0.017) and incisional hernia (P = 0.045). The limited data showed that the pathological outcomes 
of the three groups did not differ to a statistically significant extent. A multivariate analysis showed that increased BMI was 
not associated with poorer OS or DFS.
Conclusion  In LRC resection, an increased BMI was associated with a longer operative time, postoperative hospital stay, 
and an increased number of postoperative complications. However, it did not contribute to poorer pathological or survival 
outcomes.
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Introduction

Rectal cancer (RC) is one of the most common carcinomas 
and leading causes of death worldwide [1]. Low-lying RC 
(LRC) accounts for the majority of these cases [2]. Although 
multidisciplinary treatment has been applied for RC in the 
past decade, radical resection is still the best choice, espe-
cially for patients with locally advanced disease [3, 4]. Since 

total mesorectal excision (TME) became the golden standard 
for RC resection, the incidence of local recurrence has been 
greatly reduced; thus, the quality of surgery is very impor-
tant for RC resection [5]. In comparison to upper-middle RC, 
the procedure for LRC can be more difficult, especially when 
performed via laparoscopic surgery, as the laparoscope can 
be more challenging to handle in the deep and narrow pelvic 
cavity [6, 7]. Although several different surgical approaches 
have been developed for LRC resection, it remains a chal-
lenge for surgeons, particularly for patients who wish to 
undergo sphincter-saving surgery [8].

Several factors, including an increased body mass index 
(BMI), can contribute to the technical difficulty of LRC 
operations [9, 10]. With improvements in quality of life, 
increasing people have developed overweight and obesity, 
especially in Asian countries, including China [11]. Some 
studies have reported that obesity can increase the incidence 
of colorectal cancer (CRC), which means that surgeons will 
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face more obese patients [12]. A recent study reported that 
an increased BMI could affect the pathological outcomes of 
patients undergoing RC surgery [13]. Some previous stud-
ies have demonstrated that an increased BMI can lead to 
increased postoperative complications (including wound 
infection, pulmonary infection, and anastomotic leakage) 
and slower recovery [14]. Some other studies pointed out 
that obese patients had significantly poorer survival out-
comes after CRC surgery in comparison to non-obese 
patients [15]. However, the results were not always con-
sistent and some studies did not find any negative effect of 
obesity on the surgical outcomes after CRC surgery [16]. 
Thus, this remains a controversial issue that requires further 
investigation.

Although several studies have reported a relationship 
between the BMI and the surgical outcomes after CRC sur-
gery, there were little specific data on LRC resection. We 
therefore conducted the present study to explore the effect 
of increased BMI values on the surgical outcomes after LRC 
resection. To the best of our knowledge, this large-scale 
study was the first to investigate the impact of increased 
BMI values on LRC resection.

Methods

Patients selection

The prospective colorectal cancer database of the Depart-
ment of Gastrointestinal Surgery, West China Hospital, 
Sichuan University was retrospectively reviewed. RC 
patients who underwent surgery from January 2009 to 
December 2013 were enrolled in this study. The inclusion 
criteria were as follows: (1) confirmed diagnosis of RC by 
biopsy; (2) distance of the tumor from anal verge ≤ 5 cm; and 
(3) potentially radical surgery. The exclusion criteria were: 
(1) multiple tumors in the gastrointestinal tract; (2) tumors 
infiltrating the adjacent organs or synchronous metastatic 
disease; (3) a history of other malignant tumors; (4) local 
recurrence of RC; (5) transanal local excision or trans-sac-
rococcygeal excision; (6) emergency surgery; (7) American 
Society of Anesthesiologists (ASA) score > 3. This study 
was approved by the Ethics Committee of West China Hos-
pital, Sichuan University.

Assessed parameters

The demographic information and clinicopathological char-
acteristics of the patients were collected, including: body 
mass index (BMI), gender, age, ASA score, pretreatment 
carcinoembryonic antigen (CEA) level, previous abdomi-
nal surgery (PAS), neoadjuvant and adjuvant therapy, tumor 
size, distance of tumor from anal verge, tumor stage, surgical 

procedure, resection type, operative time, blood loss, time-
to-first flatus, postoperative hospital stay, postoperative 
complication, reoperation, mortality, readmission, number 
of harvested lymph nodes (LNs), positive proximal resection 
margin (PRM), distal resection margin (DRM), circumfer-
ential resection margin (CRM) and survival outcome. The 
distance of the tumor from the anal verge was measured 
by hard straight colonoscopy. The tumor-node-metastasis 
(TNM) stage was assessed according to the American Joint 
Committee on Cancer TNM staging system, seventh edition.

Follow‑up

All patients were followed up regularly at 3, 6, 12, 24, 36, 
48, and 60 months after surgery. Contrast-enhanced CT of 
the abdomen and chest was performed every half-year, and 
colonoscopy was performed every year. Routine blood tests 
and tumor biomarker measurements were performed at each 
follow-up examination. Biopsy and PET-CT could be added 
when necessary.

Statistical analysis

Data were stored and updated in our institutional databases. 
Continuous variables were expressed as the median (range) 
or mean (standard deviation), and analyzed using a non-
parametric Mann–Whitney U test or an independent-sample 
t test. Ranked data were also analyzed by a non-parametric 
test. Categorical variables were shown as a number and were 
analyzed using Chi-squared or Fisher’s exact tests. A logis-
tic-regression analysis was performed to identify the factors 
associated with postoperative complications. Kaplan–Meier 
survival curves were used to analyze the cancer-specific out-
comes and Cox-regression was performed as a multivariable 
analysis. P values of < 0.05 were considered to indicate sta-
tistical significance. All statistical analyses were performed 
using the SPSS 22.0 software program.

Results

Patients characteristic

A total of 792 patients who met the study criteria were 
enrolled. The patients were divided into three groups accord-
ing to their BMI values: the control group (BMI < 25 kg/m2; 
n = 624), the overweight group (BMI 25–30 kg/m2; n = 147), 
and the obese group (BMI ≥ 30 kg/m2; n = 21). The patient 
characteristics are shown in Table 1. There were no signifi-
cant differences among the three groups with regard to the 
type of resection (P = 0.152). Furthermore, no significant 
differences were observed among the groups with regard to 
the other baseline information.
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Intraoperative and postoperative outcomes

The Intraoperative and postoperative outcomes are shown in 
Table 2. Three cases in the control group required conver-
sion from laparoscopy to open surgery because of technical 
difficulties. We found that an increased BMI was associated 
with a significantly longer operative time (P < 0.001) and 
postoperative hospital stay (P = 0.032). A total of 34 patients 
underwent reoperation within 1 month after surgery because 
of surgical complications, including: anastomotic leakage 
(n = 23), anastomotic bleeding (n = 2), obstruction (n = 2), 
hernia formation (n = 2), intra-abdominal bleeding (n = 1), 
intra-abdominal infection (n = 1), bowel rupture (n = 1), 
acute urinary retention (n = 1), and rectovaginal fistula 
(n = 1). Four patients died after surgery due to anastomotic 
leakage and severe infection. The causes of readmission in 

the 17 patients who were readmitted included: obstruction 
(n = 3), wound infection (n = 3), anastomotic leakage (n = 3), 
pulmonary infection (n = 2), rectovaginal fistula (n = 2), 
acute gastroenteritis (n = 2), urinary infection (n = 1), and 
anastomotic bleeding (n = 1). The three groups had similar 
rates of reoperation (P = 0.356), 30-day mortality (P = 0.609) 
and readmission (P = 0.297). Although there was no signifi-
cant difference among the three groups in the total incidence 
of short-term complications (P = 0.496), we still observed 
that patients with increased BMI values had a significantly 
higher incidence of pulmonary infection (P = 0.008), 
anastomotic leakage (P = 0.029), and allergy (P = 0.017). 
In addition, the results demonstrated that patients with 
increased BMI values had a significantly greater incidence 
of long-term complication (P = 0.034) and incisional hernia 
(P = 0.015) (Table 2).

Table 1   Patient characteristics 
according to the BMI level

BMI body mass index, ASA American Society of Anesthesiologists, CEA carcinoembryonic antigen, PAS 
previous abdominal surgery, NeoCRT​ neoadjuvant chemoradiotherapy, LAR low anterior resection, ISR 
intersphincteric resection, LHR low Hartmann resection, APR abdominoperineal resection

Characteristics Control 
(BMI < 25 kg/m2)
n = 624

Overweight (BMI 25 to 
< 30 kg/m2)
n = 147

Obese 
(BMI ≥ 30 kg/m2)
n = 21

P value

Gender 0.248
 Male 363 (58.2%) 94 (63.9%) 10 (47.6%)
 Female 261 (41.8%) 53 (36.1%) 11 (52.3%)

Age 59 (22–89) 59 (33–88) 61 (41–77) 0.768
ASA 0.673
 1 25 (4.0%) 8 (5.4%) 1 (4.8%)
 2 476 (76.3%) 113 (76.9%) 15 (71.4%)
 3 123 (19.7%) 26 (17.7%) 5 (23.8%)

CEA level 0.922
 < 5 408 (66.8%) 100 (68.0%) 14 (70.0%)
 ≥ 5 203 (33.2%) 47 (32.0%) 6 (30.0%)

PAS 99 (15.9%) 25 (17.0%) 3 (14.3%) 0.921
NeoCRT​ 72 (11.5%) 17 (11.6%) 0 (0.0%) 0.291
Surgical procedure 0.358
 Open 432 (69.2%) 93 (63.3%) 15 (71.4%)
 Laparoscopy 192 (30.8%) 54 (36.7%) 6 (28.6%)

Resection type 0.152
 LAR 349 (55.9%) 90 (61.2%) 8 (38.1%) 0.116
 ISR 95 (15.2%) 12 (8.2%) 3 (14.3%) 0.063
 LHR 22 (3.5%) 7 (4.8%) 1 (4.8%) 0.769
 APR 158 (25.4%) 38 (25.8%) 9 (42.8%) 0.196

Diverting stoma 35 (7.9%) 7 (6.9%) 0 0.727
Distance to anal verge 3.0 (0.5–5.0) 4.0 (1.0–5.0) 4.0 (1.0–5.0) 0.161
Tumor size 4.0 (0.7–13) 3.5 (0.4–9) 4.0 (2.0–8.0) 0.059
Tumor stage 0.780
 1 207 (33.2%) 46 (31.3%) 5 (23.8%)
 2 161 (25.8%) 38 (25.9%) 7 (33.3%)
 3 256 (41.0%) 63 (42.8%) 9 (42.9%)

Adjuvant therapy 387 (62.0%) 97 (66.0%) 14 (66.7%) 0.627
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Table 2   The intraoperative and postoperative outcomes

*One patient might have developed more than one complication. DVT, deep venous thrombosis. Bold typeface indicates statistical significant P 
values
a Major complications were defined as Clavien–Dindo grade ≥ 3 complications

Characteristics Control (BMI < 25 kg/m2)
n = 624

Overweight (BMI 25 
to 30 kg/m2)
n = 147

Obese (BMI ≥ 30 kg/m2)
n = 21

P value

Operative time 145.0 (65–360) 160.0 (80–340) 177.5 (100–350) < 0.001
Blood loss 30 (5–500) 30 (10–350) 25 (15–300) 0.445
Laparoscopy conversion 3 (1.6%) 0 0 1.000
Postoperative hospital days 9 (3–102) 10 (4–107) 10 (6–24) 0.032
Time-to-first flatus 4 (1–13) 4 (2–7) 4 (2–7) 0.860
Short-term complication (within 30 days)* 154 (24.7%) 43 (29.3%) 6 (28.6%) 0.496
 Minor complication 125 (20.0%) 31 (21.1%) 5 (23.8%) 0.885
 Major complicationa 29 (4.6%) 12 (8.2%) 1 (4.8%) 0.227
  Grade 3 23 (3.7%) 8 (5.4%) 1 (4.8%) 0.443
  Grade 4 1 (0.1%) 3 (2.0%) 0 0.031
  Grade 5 4 (0.6%) 1 (0.7%) 0 1.000

 Wound infection 47 (7.5%) 13 (8.8%) 2 (9.5%) 0.733
 Pulmonary infection 19 (3.0%) 12 (8.2%) 2 (9.5%) 0.008
 Cardiovascular complications 5 (0.8%) 2 (1.4%) 0 0.693
 Anastomotic leakage 19 (4.3%) 11 (10.8%) 1 (9.1%) 0.029
 Anastomotic bleeding 8 (1.8%) 0 0 0.460
 Urinary retention 26 (4.2%) 2 (1.4%) 0 0.230
 Urinary infection 3 (0.5%) 3 (2.0%) 0 0.221
 Intra-abdominal infection 9 (1.4%) 2 (1.4%) 0 1.000
 Intra-abdominal bleeding 3 (0.5%) 1 (0.7%) 0 0.613
 Gastrointestinal dysfunction 16 (2.6%) 6 (4.1%) 1 (4.8%) 0.348
 Obstruction 7 (1.1%) 0 0 0.459
 Rectovaginal fistula 3 (0.5%) 1 (0.7%) 0 0.586
 Stoma complications 2 (0.9%) 0 0 1.000
 Perianal infection 3 (0.5%) 2 (1.4%) 0 0.345
 DVT 1 (0.1%) 0 1 (4.8%) 0.085
 Hernia information 1 (0.1%) 1 (0.7%) 0 0.384
 Allergy 2 (0.3%) 3 (2.0%) 1 (4.8%) 0.017
 Others 12 (1.9%) 3 (2.0%) 0 1.000

Reoperation 24 (3.8%) 9 (6.1%) 1 (4.8%) 0.356
30-day mortality 3 (0.5%) 1 (0.7%) 0 0.609
Readmission (within 30 days) 12 (1.9%) 4 (2.7%) 1 (4.8%) 0.297
Long-term complication (beyond 30 days)* 31 (5.0%) 15 (10.2%) 2 (9.5%) 0.034
 Obstruction 7 (1.1%) 3 (2.0%) 0 0.552
 Incision hernia 5 (0.8%) 2 (1.4%) 2 (9.5%) 0.015
 Stoma complications 5 (0.8%) 5 (3.4%) 0 0.066
 Anastomotic complication 3 (0.5%) 2 (1.4%) 0 0.349
 Rectovaginal fistula 3 (0.5%) 1 (0.7%) 0 0.586
 Rectovesical fistula 2 (0.3%) 1 (0.7%) 0 0.513
 Inguinal hernia 2 (0.3%) 1 (0.7%) 0 0.513
 Perianal abscess 1 (0.1%) 0 0 1.000
 Others 3 (0.5%) 1 (0.7%) 0 0.615
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Besides, the results of the linear regression analysis dem-
onstrated that male gender, BMI, laparoscopic surgery, APR, 
and distance to the anal verge were factors that could affect 
the operative time while BMI, short-term complication and 
reoperation were associated with the length of postoperative 
hospital stay (Table 3).

Pathological outcomes

The pathological outcomes are shown in Table 4. There 
were no significant differences among the three groups with 
regard to the number of harvested LNs (P = 0.580) or the 
rates of PRM, DRM, and CRM positivity (P = 0.867, 0.853, 
and 0.287, respectively).

Survival outcomes

With a median follow-up time of 65 months, the local recur-
rence rates of the control, overweight and obese groups were 
8.5%, 8.8%, 14.4%, respectively. Although we could observe 
an increasing trend with the BMI, the result was not statisti-
cally significant (P = 0.650) (Table 4). Besides, the 5-year 
overall survival rates of the control, overweight and obese 
groups were 80.8%, 80.9% and 81.0%, respectively, while 
the 5-year disease-free survival rates were 71.3%, 69.4% 
and 66.6%, respectively. The Kaplan–Meier curves demon-
strated that there were no differences among the three groups 
with regard to OS (P = 0.734) or DFS (P = 0.801) (Fig. 1). A 
multivariate analysis showed that high tumor stage, positive 
DRM and CRM could contribute to poorer DFS and OS. A 
lower pretreatment CEA level and APR procedure might 
predict a better OS. However, the results did not suggest 
that an increased BMI was associated with poorer OS or 
DFS (Table 5).

Discussion

In this study, we explored the effect of an increased BMI on 
the surgical outcomes after LRC resection. We found that 
an increased BMI could affect the duration of surgery and 
postoperative recovery. However, it was not associated with 
poorer pathological or survival outcomes.

In fact, there are several factors that can affect the dura-
tion of surgery, including tumor location and BMI [17]. LRC 
resection is more technically difficult than surgery for middle 
or upper RC, particularly in laparoscopic surgery, because 

Table 3   The results of a linear regression analysis to identify factors 
affecting operative time and postoperative hospital stay

BMI body mass index, APR abdominoperineal resection, CI confi-
dence interval

Variable Coefficient P value 95% CI

Operative time
 Male 11.200 0.003 3.830–18.570
 BMI 3.898 < 0.001 2.816–4.981
 Laparoscopy 17.710 < 0.001 9.951–25.470
 APR 37.741 < 0.001 29.875–45.606
 Distance to anal verge − 3.995 0.003 − 6.647 to − 1.343

Postoperative hospital stay (days)
 BMI 0.180 0.014 0.037–0.324
 Short-term complication 5.971 < 0.001 4.974–6.968
 Reoperation 13.006 < 0.001 10.902–15.110

Table 4   The pathological 
outcomes of the three groups

LN lymph node, PRM proximal resection margin, DRM distal resection margin

Variable Control 
(BMI < 25 kg/m2)
n = 624

Overweight (BMI 
25–30 kg/m2)
n = 147

Obese (BMI ≥ 30 kg/
m2)
n = 21

P value

LN harvested 10 (0–41) 9 (1–31) 9.5 (0–22) 0.580
PRM 0.867
 Not reported 133 35 5
 Positive 4 0 0
 Negative 487 12 16

DRM 0.853
 Not reported 133 35 5
 Positive 2 0 0
 Negative 489 112 16

CRM 0.287
 Not reported 528 118 18
 Positive (≤ 1 mm) 9 0 0
 Negative (> 1 mm) 87 29 3

Local recurrence 53 13 3 0.650
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it is located deep in the pelvis [13]. Although the learning 
curve for laparoscopic techniques has been greatly improved 
in the past decades and some studies have reported a similar 
operative time to open surgery, this was not observed in the 
deep pelvis [18, 19]. The narrow space made it difficult to 
achieve sufficient exposure of the operative field to perform 
mobilization or ligation well [9]. In obese patients, the pelvic 
cavity can be further downsized, so the situation can be more 
complex [20]. In our study, there were no significant dif-
ferences in the procedures chosen among the three groups, 
but we still observed that an increased BMI could increase 
the operative time. Our result was also supported by some 
previous studies [16]. We thought that the increased fat tis-
sue could add to the time required for laparotomy or trocar 
insertion [21]. Some studies reported that an increased BMI 
could increase the risk of laparoscopic conversion and that 
surgeons tended to be less likely to perform laparoscopic 
surgery for obese patients [9, 22]. However, we did not find 
this outcome in our study and only 3 cases in the control 
group required conversion from laparoscopy. This might 
because all laparoscopic procedures were performed highly 
experienced and skillful surgeons. This could also demon-
strate that our study had less selection bias.

Postoperative complications are an important issue in 
studies that explore the effect of an increased BMI on surgi-
cal outcomes. Supported by some previous studies, we found 
that patients with increased BMI values had a significantly 
higher incidence of postoperative complications, including 
anastomotic leakage, pulmonary infection and incisional 
hernia [23]. This might because the basal metabolism of 
overweight or obese patients was higher than that of the 
patients in the control group; thus, more time and energy 

were needed for recovery [24]. This might also be why the 
patients with increased BMI values had a higher incidence 
of anastomotic leakage. We thought that a longer duration 
of anesthesia would contribute to a higher incidence of pul-
monary infection and that a higher amount of subcutaneous 
fat might be associated with a greater incidence of incisional 
hernia [25, 26]. Interestingly, our results differed from those 
of previous studies in that we did not observe a significant 
difference among the three groups with regard to the inci-
dence of wound or abdominal infection [14]. We thought 
that this was related to improvement in the nursing level 
and the preventive use of antibiotics. In addition, some stud-
ies have reported that an increased BMI is associated with 
increased mortality after CRC surgery; however, we did not 
observe this outcome in our study [27]. We thought this was 
due to the control of surgical quality and timely intervention 
for severe complications, including anastomotic leakage.

Enhanced recovery programs have been widely used after 
CRC surgery and some studies have reported their effec-
tiveness in reducing postoperative hospital stay [28]. In our 
center, the program has also been routinely applied in recent 
years. Even though, we still observed that patients with 
increased BMI values had a significantly longer length of 
postoperative hospital stay than patients in the control group. 
This result was also similar to some previous studies [23]. 
Thus, patients with high BMI values had a slower recovery. 
The higher incidence of postoperative complications might 
also contribute to this outcome.

It is still not clear whether an increased BMI is associated 
with worse survival outcomes because previous studies have 
shown inconsistent results [16, 22, 29]. In our study, we did 
not find a significant difference in the OS or DFS the groups. 

Fig. 1   Survival outcomes based on different BMI level; A OS, B DFS, BMI body mass index, OS overall survival, DFS disease-free survival
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There are several parameters that can be used to predict 
survival. Some studies have reported that if fewer that the 
retrieval of < 12 LNs could lead to poorer survival and an 
increased BMI could influence the number of LNs harvested 
in CRC surgery [30, 31]. In our study, similar numbers of 
LNs were harvested in the three groups and we thought that 
this might because all the surgeons follow the same prin-
ciples for tumor resection and try their best to achieve R0 
resection and retrieved as many LNs as possible even though 

surgery for LRC in patients with increased BMI values was 
more challenging. We also observed that the rates of PRM, 
DRM, and CRM positivity did not differ to a statistically sig-
nificant extent among the three groups. However, we found 
that the median number of LNs in the three groups was less 
than 12 and that the 5-year survival outcomes were still simi-
lar to some previous studies [32]. Further studies should 
be conducted to explore whether the criteria regarding the 
number of LNs to be harvested should be changed for LRC. 

Table 5   Univariate and multivariate analyses of factors associated with the survival outcomes

Bold typeface indicates statistically significant P values
BMI body mass index, ASA American Society of Anesthesiologists, CEA carcinoembryonic antigen, APR abdominoperineal resection, PRM 
proximal resection margin, DRM distal resection margin, CRM circumferential resection margin, HR hazard ratio, CI confidence interval

Variables Overall survival Disease-free survival

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Gender: female/
male

1.284 (0.945, 
1.745)

0.110 1.352 (1.039, 
1.759)

0.025 1.288 (0.550, 
3.014)

0.560

Age ≥ 65 years 1.359 (1.003, 
1.841)

0.048 1.841 (0.687, 
4.932)

0.225 1.140 (0.875, 
1.486)

0.332

ASA score
 1,2/3 0.804 (0.540, 

1.198)
0.284 0.735 (0.520, 

1.039)
0.081

 CEA level 1.981 (1.487, 
2.640)

< 0.001 2.907 (1.085, 
7.790)

0.034 1.622 (1.265, 
2.079)

< 0.001 1.795 (0.778, 
4.142)

0.170

 Neoadjuvant 
therapy

0.719 (0.409, 
1.266)

0.253 0.727 (0.460, 
1.149)

0.173

BMI index
 Overweight 1.014 (0.691, 

1.490)
0.942 0.310 (0.066, 

1.446)
0.136 1.097 (0.799, 

1.506)
0.569 0.895 (0.317, 

2.529)
0.835

 Obese 1.385 (0.612, 
3.139)

0.435 0.000 (0.000, –) 0.984 1.162 (0.546, 
2.472)

0.697 0.000 (0.000, –) 0.983

Sphincter-preserv-
ing /APR

1.779 (1.309, 
2.417)

< 0.001 0.116 (0.036, 
0.778)

0.023 1.483 (1.133, 
1.943)

0.004 0.582 (0.199, 
1.705)

0.324

Open/laparoscopy 1.173 (0.857, 
1.607)

0.320 1.002 (0.762, 
1.318)

0.989

Short-term compli-
cation

1.109 (0.796, 
1.545)

0.541 0.979 (0.732, 
1.308)

0.884

Long-term compli-
cation

0.813 (0.416, 
1.591)

0.546 0.814 (0.455, 
1.454)

0.487

Tumor size ≥ 5 cm 1.413 (1.027, 
1.945)

0.034 1.011 (0.389, 
2.632)

0.981 1.271 (0.961, 
1.682)

0.093

Tumor stage
 I,II/III 4.725 (3.398, 

6.572)
< 0.001 6.685 (2.130, 

20.982)
0.001 3.841 (2.934, 

5.029)
< 0.001 6.226 (2.425, 

15.984)
< 0.001

Positive PRM 2.258 (0.315, 
16.176)

0.418 1.317 (0.184, 
9.406)

0.784

Positive DRM 32.741 (7.730, 
138.686)

< 0.001 109.593 (9.556, 
1256.881)

< 0.001 14.929 (3.652, 
61.033)

< 0.001 52.126 (5.383, 
504.781)

0.001

Positive CRM 6.261 (2.264, 
17.317)

< 0.001 8.976 (2.146, 
37.536)

0.003 6.141 (2.434, 
15.497)

< 0.001 4.533 (1.364, 
15.068)

0.014

Adjuvant therapy 1.249 (0.909, 
1.714)

0.170 – 1.261 (0.963, 
1.651)

0.092
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Furthermore, the use of neoadjuvant and adjuvant therapy 
has greatly reduced local and distant recurrence [33]. In our 
study, neither neoadjuvant nor adjuvant therapy were associ-
ated with long-term survival. We thought that this might be 
because all of the treatments followed the recommendations 
of the NCCN guidelines.

The present study was associated with some limitations. 
Firstly, it was a retrospective study and the sample sizes 
of the overweight and obese groups were relatively small. 
Secondly, some of the pathological parameters were not 
applicable.

In conclusion, an increased BMI was associated with a 
longer operative time, longer postoperative hospital stay, and 
greater incidence of postoperative complications in patients 
undergoing LRC resection. However, a higher BMI did not 
contribute to poorer pathological or survival outcomes.
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