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Abstract
There has been an increase in surgical interventions in frailer elderly with concomitant chronic diseases. The purpose 
of this paper was to evaluate the impact of aging and comorbidities on outcomes in patients who underwent surgery for 
the treatment of colorectal cancer (CRC) in Veneto Region (Northeastern Italy). This is a retrospective cohort study in 
patients ≥ 40 years who underwent elective or urgent CRC surgical resection between January 2013 and December 2015. 
Independent variables included: age, sex, and comorbidities. We analyzed variables associated with the surgical procedure, 
such as stoma creation, hospitalization during the year before the index surgery, the surgical approach used, the American 
Society of Anesthesiologists (ASA) score, and the Charlson Comorbidity Index score. Eight thousand four hundred and 
forty-seven patients with CRC underwent surgical resection. Patient age affected both pre- and post-resection LOS as well 
as the overall survival (OS); however, it did not affect the 30-day readmission and reoperation rates. Multivariate analysis 
showed that age represented a risk factor for longer preoperative and postoperative LOS as well as for 30-day and 365-day 
mortality, but it was not associated with an increased risk of 30-day reoperation and 30-day readmission. Chronic Heart 
Failure increased the 30-day mortality risk by four times, the preoperative LOS by 51%, and the postoperative LOS by 33%. 
Chronic renal failure was associated with a 74% higher 30-day readmission rate. Advanced age and comorbidities require a 
careful preoperative evaluation and appropriate perioperative management to improve surgical outcomes in older patients 
undergoing elective or urgent CRC resection.
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Introduction

Colorectal cancer (CRC) is the third most common cancer 
in men and the second most common in women worldwide. 
It is the second most common cancer in Italy [1–3]. Recent 
studies have revealed a concomitant rise in CRC incidence 
rate with age in developed countries. Thus, with longer 
life expectancies and an aging population, the number of 
patients with CRC is expected to rise. In addition, based on 
recent advancements in anesthetic and surgical techniques, 

the number of older patients undergoing surgery is also 
expected to rise [4].

In recent decades, there has been a gradual decline in the 
CRC-related mortality rates [1–3, 5]; however, an irregular 
pattern has been observed in patients in older age groups 
[3, 6], which might be associated with various factors, 
such as the multiple comorbidities, physiological reserves, 
social/cognitive status, and the cancer stage at diagnosis [7]. 
Thus, an in-depth understanding of the associated under-
lying mechanisms could improve patient care and surgical 
outcomes.

According to current UK projections, by 2030, 76% of 
men and 70% of women with cancer will be over 65 years 
at the time of diagnosis [8]. It is known that older patients 
with neoplastic disease are often under-treated and 
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under-represented in clinical trials, and they tend to have 
poorer surgical outcomes than their younger counterparts 
[9–12]; thus, chronological age alone is a poor predictor of 
cancer treatment tolerance [13]. Since diverse disease symp-
toms are observed in older cancer patients, an individual-
ized, comprehensive preoperative assessment that would 
consider all comorbidities along with a multidisciplinary 
strategy would guarantee appropriate care and treatment for 
older CRC patients. A better understanding of the epide-
miology of multimorbidity would help in designing more 
effective health care models to treat patients with multiple 
morbidities based on a benefit/risk assessment. This study 
aimed to evaluate the impact of age and multimorbidity on 
peri- and postoperative outcomes in patients who underwent 
surgical resection for CRC.

Methods

Study design and data source

Veneto is a region located in northeastern Italy with approxi-
mately 5 million inhabitants. The regional government is 
known to provide universal health care, which includes 
access to surgical units capable of performing any CRC sur-
gical procedure. Only 3.2% of patients from Veneto region 
are operated out-of-region [14].

The primary information source of this study was the 
discharge dataset obtained from the regional hospitals. 
The dataset contained the following information: patient 
demographic data, admission and discharge dates of the 
patients, the primary and secondary diagnosis codes, the 
dates and codes corresponding to a maximum of six pro-
cedures performed during hospitalization (the International 
Classification of Diseases 9th Revision Clinical Modifica-
tion 2007, ICD-9-CM), the American Society of Anesthesi-
ologists (ASA) score [15], and whether the CRC procedure 
was urgent or elective. The Barthel index [16] was used to 
measure patients’ activities of daily living (ADL) at the 
time of admission. The study also gleaned information from 
death certificates, collected by the Local Health Units of the 
National Health Service, and transmitted to the Regional 
Epidemiology Service.

The study investigators also used the Johns Hopkins ACG​
® System, which evaluates the multidimensional nature of 
a patient’s health. It is a population health system tool to 
facilitate person-focused healthcare management, i.e., it 
converts patient data from several sources into actionable 
information. The model, which has been validated in multi-
ple European and non-European countries, is used to clas-
sify a regional population, providing several metrics that 
allow an accurate representation of the morbidity burden 
[17, 18]. The ACG metrics and algorithms were used in this 

study to identify patients affected by specific pathologies 
[19–21]. The record-linkage was performed on previously 
anonymized records to protect the privacy of all individuals 
involved in the study.

Patient selection and classifications

The patients’ diseases were classified based on ICD-9-CM. 
Our study included all patients  ≥ 40 years who were admit-
ted to any hospital in Veneto with a diagnosis of primary 
colon cancer (ICD9-CM 153.x) or rectal cancer (ICD9-CM 
154.x) and who underwent urgent or elective surgical proce-
dure between January 2013 and December 2015. The ICD9-
CM procedure codes for CRC surgery were: 45.7x, 45.8, 
48.35, 48.49, 48.5, 48.6x, and 45.95.

The exclusion criteria included: cancer of the anus 
(ICD9-CM 154.2, 154.3), patients who underwent surgical 
resection before January 1, 2013, patients who underwent 
ostomy surgery before index hospitalization (defined as the 
first of a series of hospitalizations) [14].

Outcomes

The primary outcomes included: pre- and postoperative 
length of stay (LOS), 30-day readmission, 30-day reopera-
tion and OS. The preoperative LOS was defined as the dura-
tion between the admission date and the date of surgical 
procedure; the postoperative LOS was defined as the dura-
tion between the date of surgical procedure and the date of 
discharge; 30-day readmission was defined as any unplanned 
hospitalization within 30 days of the date of discharge of 
the index hospitalization; 30-day reoperation was defined 
as any unplanned postoperative procedure, which involved 
an operating room or an imaging-guided intervention dur-
ing 30 days following the index surgical procedure [14]; the 
OS was defined as death due to any cause after the surgical 
procedure; the monitoring follow-up for OS was 365 days. 
The pre- and postoperative LOS patient data were based on 
a cutoff of 4 and 8 days for pre- and post-hospitalization 
period, respectively (Table 3).

These outcomes are widely used to measure the quality 
of perioperative care since they can be easily retrieved from 
administrative databases.

Age, surgical approach, and additional covariates

The age of the patients at the time of surgery was recorded. 
We defined four age classes (40–64, 65–74, 75–84, and 85+ 
years) in this analysis. The additional covariates used to 
assess and predict the outcomes of interest were as follows: 
open vs. laparoscopic approach, gender (male, female), Bar-
thel Index Code (0–50: dependent state; 55–100: independ-
ent state), surgical complexity, and comorbidity indexes. The 
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surgical complexity of the procedure was evaluated based on 
the following criteria: non-CRC surgical procedure-related 
hospitalizations during the year preceding the index hospi-
talization, hospitalizations for abdominal non-CRC-related 
surgery 3 years preceding index hospitalization, and stoma 
creation during the index hospitalization. We used the fol-
lowing two indexes to evaluate patient’s comorbidities: the 
Charlson Index [22], calculated for the 3 years preceding 
index hospitalization and a few ACG metrics to quantify 
the morbidity burden (i.e., the number of comorbidities) and 
to identify the primary chronic conditions affecting each 
patient [i.e., hypertension, lipid metabolism disorders, diabe-
tes, osteoporosis, asthma, depression, glaucoma, congestive 
heart failure (CHF), hypothyroidism, chronic renal failure 
(CRF), chronic obstructive pulmonary disease (COPD), 
dementia, Parkinson’s disease, degenerative maculopathy, 
and rheumatoid arthritis (RA)]. The number of comorbidi-
ties was calculated based on the Expanded Diagnosis Clus-
ters (EDCs) assigned to the patient by the ACG system. 
EDCs are diagnostic groupings (based on the patient’s diag-
nosis codes) that describe a pathology or related pathologies 
based on the organ or apparatus involved.

Statistical analysis

The demographic and clinical characteristics of the patients 
were assessed using the χ2 test and the Cochran–Armitage’s 
trend test. The multivariable logistic regression analysis with 
stepwise backward selection was used to identify the signifi-
cant predictors for each study outcome (mortality, readmis-
sion, LOS) (the significance level to remove an independent 

variable from the model was 0.10; the significance level to 
add an independent variable to the model was 0.05). The fol-
lowing variables were always included in the model: gender, 
admission modality (elective/urgent), number of hospitaliza-
tions preceding the index hospitalization, abdominal surgery 
during 3 years preceding index surgical procedure, stoma 
creation during the index hospitalization, the surgical site, 
and the type of surgical approach.

Multilevel regression was performed to account for the 
hierarchical structure of the data (first level: patient; sec-
ond level: hospital). The overall survival was studied using 
Cox proportional hazards regression. The Cox regression 
assumptions were previously evaluated with global Schoe-
nfeld’s test.

Statistical significance was set at P < 0.05. Stata software 
was used to perform all the analyses (Stata Corporation, 
Stata Statistical Software: Release 13.0. College Station, 
TX).

Results

During the study period, 8447 Veneto residents ≥ 40 years 
underwent elective or urgent primary CRC resection. Fig-
ure 1 illustrates the flow-chart of the patients included in 
this study.

Table 1 outlines the patient characteristics. We found 
that 87.6% and 59.3% of the patients in the 40–64 year and 
85+ year age classes underwent elective surgery (P < 0.01).

We found three or more comorbidities in 22.7% of 
patients aged 40–64 years and 67.5% in patients ≥ 85 years 

Fig. 1   Study flow-chart
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Table 1   Main characteristics of study patients by age class

Total 8447 n Age class P value

40–64 year 2314 n (%) 65–74 year 2319 n (%) 75–84 year 2962 n (%) 85+ year 852 n (%)

Gender
 Male 4710 1281 (55.4) 1421 (61.3) 1652 (55.8) 356 (41.8)  < 0.01
 Female 3737 1033 (40.6) 898 (38.7) 1310 (44.2) 496 (58.2)

Admission modality
 Emergent/urgent 1656 286 (12.4) 333 (14.4) 690 (23.3) 347 (40.7)  < 0.01
 Elective 6791 2028 (87.6) 1986 (85.6) 2272 (76.7) 505 (59.3)

Hospitalization in the year before the 
index surgery

 None 6355 1894 (81.4) 1779 (76.5) 2126 (71.8) 556 (65.3)  < 0.01
 One 1499 318 (13.7) 379 (16.3) 585 (19.8) 217 (25.5)
 More than one 593 102 (4.4) 161 (6.9) 251 (8.5) 79 (9.3)

Abdominal surgery in the 3 years before 
the index surgery

 No 7938 2244 (97.0) 2222 (95.8) 2721 (91.9) 751 (88.1)  < 0.01
 Yes 509 70 (3.0) 97 (4.2) 241 (8.1) 101 (11.9)

Stoma creation in the 
index hospitalization

 No 7001 1873 (80.9) 1935 (83.4) 2458 (83.0) 735 (86.3)  < 0.01
 Yes 1446 441 (19.1) 384 (16.6) 504 (17.0) 117 (13.7)

Site
 Proximal 3789 878 (37.9) 1047 (45.1) 1404 (47.4) 460 (54.0)  < 0.01
 Distal 4486 1403 (60.6) 1227 (52.9) 1481 (50.0) 375 (44.0)
 Other 172 33 (1.4) 45 (1.9) 77 (2.6) 17 (2.0)

Charlson score
 None 6915 2141 (92.5) 1927 (83.1) 2234 (75.4) 613 (71.9)  < 0.01
 1–2 1317 151 (6.5) 354 (15.3) 619 (20.9) 193 (22.7)
 3+  215 22 (1.0) 38 (1.6) 109 (3.7) 46 (5.4)

Number of comorbidities*
 1 2269 1108 (47.9) 571 (24.6) 490 (16.5) 100 (4.3)  < 0.01
 2 2311 681 (29.4) 700 (30.2) 753 (25.4) 177 (20.8)
 3 1624 303 (13.1) 469 (20.2) 643 (21.7) 209 (24.5)
 4 1035 130 (5.6) 275 (11.9) 472 (15.9) 158 (18.5)
 5+  1209 92 (4.0) 304 (13.1) 604 (20.4) 209 (24.5)

Barthel index at the time of admission
 Dependent (0–50) 1425 182 (7.9) 308 (13.3) 593 (20.0) 342 (40.2)  < 0.01
 Independent (55–100) 5819 1736 (75.0) 1700 (73.3) 1983 (66.9) 400 (46.9)
 Missing 1203 396 (17.1) 311 (13.4) 386 (13.0) 110 (12.9)

ASA Score
 ASA 1 or 2 4373 1587 (68.6) 1339 (57.7) 1260 (42.5) 187 (21.9)  < 0.01
 ASA 3 2391 272 (11.6) 549 (23.4) 1106 (36.7) 464 (52.9)
 ASA 4+  209 13 (0.7) 39 (2.0) 89 (3.6) 68 (9.5)
 Missing 1474 442 (19.1) 392 (16.9) 507 (17.1) 133 (15.6)

Surgical approach
 Open 4675 1034 (44.7) 1237 (53.3) 1760 (59.4) 644 (75.6)  < 0.01
 Laparoscopic 3772 1280 (55.3) 1082 (46.7) 1202 (40.6) 208 (24.4)

Modality of discharge
 Death 180 11 (0.5) 26 (1.1) 89 (3.0) 54 (6.3)  < 0.01
 Home 7982 2290 (98.6) 2229 (96.1) 2723 (91.9) 708 (83.1)
 Non-home 285 13 (0.9) 64 (2.8) 150 (5.1) 90 (10.6)

*CRC is included in the number of comorbidities
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(Tab. 1). Based on the Barthel Index at hospital admission, 
the younger patients showed more independence in carrying 
out ADL, and higher (worse) values were associated with 
increasing age; the following patients (%) scored between 0 
and 50: 7.9%, 13.3%, 20.0%, and 40.2% aged 40–64 years, 
65–74  years, 75–84  years, and 85+ years, respectively 
(P < 0.01) (Table 1).

During the study period, the laparoscopic approach was 
used more frequently in the younger patients than in the 
older patients: 55.3% in the 40–64 years age class, and 
24.4% in the 85+ years age class (P < 0.01) (Table 1).

Most patients (7982) were directly discharged to home 
(Table 1). There was an age-related correlation regard-
ing discharge to non-home settings (i.e., intermediate care 
or nursing home), with the highest values in the oldest 
groups (0.9% in 40–64 years class vs. 10.6% in 85+ years; 
P < 0.001) (Table 1).

The most frequent comorbidities based on the ACG sys-
tem were hypertension (63.7%), followed by lipid metab-
olism disorders (28.2%), diabetes (17.7%), osteoporosis 
(16.6%), anemia (14.6%), asthma/COPD (13.6%), depres-
sion (8.9%), glaucoma (5.4%), CHF (4.8%), hypothyroidism 
(4.7%), and CRF (3.2%). There was an age-related increase 
in the prevalence of these conditions (P < 0.01) (Table 2).

Only 15.9% of the patients waited longer than 4 days for 
the surgical procedure during the hospitalization (Table 3). 

The preoperative LOS showed an age-related increase and 
was longer in patients undergoing urgent procedures: 58.5% 
of the patients undergoing urgent procedures waited more 
than 4 days for the surgical procedure compared with 5.5% 
of the elective patients (P < 0.01).

Age was found to be related to all outcome measures, 
excluding the 30-day reoperation; we noted a minor signifi-
cance for 30-day readmission (Table 3).

Adjusted ORs (Table 4) describe the association between 
age and outcome measures. While age represented a risk 
factor for longer preoperative and postoperative LOS as well 
as for overall survival (HR), it was not associated with an 
increased risk of 30-day reoperation and 30-day readmission.

Adjusted ORs were also calculated to examine the asso-
ciation between comorbidities and the outcome measures. 
CHF was associated with longer preoperative (OR 1.51, 
95% CI 1.13–2.02) and postoperative (OR 1.31, 95% CI 
1.05–1.65) LOS as well as with the OS (HR 1.99, 95% 
CI 1.63–2.42). CRF was associated with 30-day readmis-
sion (OR 1.82, 95% CI 1.20–2.75) as well as with the 
OS (HR 1.45, 95% CI 1.13–1.88). Parkinson’s disease 
was associated with postoperative LOS (OR 1.52, 95% 
CI 1.07–2.17). Depression was associated with postop-
erative LOS (OR 1.21, 95% CI 1.02–1.42) and OS (HR 
1.44, 95% CI 1.12–1.86). Dementia was associated with 
30-day readmission (OR 1.88, 95% CI 1.19–2.95) and 

Table 2   Comorbiditya cohort

a Comorbidity identification performed according to the ACG system algorithms
b The Cochran–Armitage test for trend performed for each pathology resulted always significant (p < 0.001)
*Iron deficiency, other deficiency anemias
Ɨ Chronic obstructive pulmonary disease

Total 8447 n (%) Age class

40–64 years 
2314 n (%)

65–74 years 2919 n (%) 75–84 years 2962 n (%) 85+ years 852 n (%)

Pathologies
 Hypertension 5386 (63.7) 885 (38.2) 1508 (65.0) 2308 (77.9) 685 (80.4)
 Disorders of lipid metabolism 2382 (28.2) 332 (14.3) 732 (31.6) 1088 (36.7) 230 (27.0)
 Diabetes 1497 (17.7) 213 (9.2) 496 (21.4) 629 (21.2) 159 (18.7)
 Osteoporosis 1408 (16.6) 249 (10.8) 389 (16.8) 573 (19.3) 197 (23.1)
 Anemia* 1237 (14.6) 193 (8.3) 262 (11.3) 539 (18.2) 243 (28.5)
 Asthma/COPDƗ 1152 (13.6) 228 (9.9) 303 (13.1) 447 (15.1) 174 (20.4)
 Depression 759 (8.9) 139 (6.0) 188 (8.1) 322 (10.9) 110 (12.9)
 Glaucoma 462 (5.4) 46 (2.0) 114 (4.9) 236 (8.0) 66 (7.7)
 Congestive heart failure (CHF) 408 (4.8) 18 (0.8) 85 (3.7) 197 (6.6) 110 (12.9)
 Hypothyroidism 398 (4.7) 97 (4.2) 111 (4.8) 131 (4.4) 59 (6.9)
 Chronic renal failure (CRF) 269 (3.2) 24 (1.0) 63 (2.7) 132 (4.5) 50 (5.9)
 Dementia 239 (2.8) 8 (0.3) 32 (1.4) 128 (4.3) 71 (8.3)
 Parkinson’s disease 154 (1.8) 12 (0.5) 39 (1.7) 76 (2.6) 27 (3.2)
 Degenerative maculopathy 134 (1.6) 55 (2.4) 29 (1.3) 41 (1.4) 9 (1.1)
 Rheumatoid arthritis 101 (1.2) 14 (0.6) 25 (1.1) 49 (1.7) 13 (1.5)
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OS (HR 1.44, 95% CI 1.12–1.86). Anemia was associ-
ated exclusively with preoperative LOS (OR 2.34, 95% CI 
1.94–2.83) (Table 4).

Discussion

Several studies have reported that advanced age and pre-
existing cardiac pathology are risk factors for postopera-
tive complications in older patients with CRC [23–25]. 

Our data showed that age did predict longer pre- and 
postoperative LOS, as well as OS. However, in the study 
cohort, age did not affect 30-day reoperation and 30-day 
postoperative readmission rates.

Older patients are known to be more likely to develop 
postoperative complications in emergencies compared 
with their younger counterparts. In fact, older patients who 
undergo emergency procedures have 3–10 times higher rate 
of morbidity and mortality than those who undergo elective 
surgery [26].

Table 3   Outcome measures by age class

*LOS length of stay, Preoperative LOS percentage of patients who had waited at least 4 days before surgery, postoperative LOS percentage of 
patients who had waited at least 8 days before discharge after surgery

Total (%) Age class P value

40–64 years (%) 65–74 years (%) 75–84 years (%) 85+ years (%)

Preoperative LOS ≥ 4 days* 15.9 9.4 12.3 19.6 30.9  < 0.001
Postoperative LOS ≥ 8 days* 49.5 37.6 47.5 55.7 65.9  < 0.001
30-day reoperation 7.1 7.2 6.6 6.8 5.4 0.681
30-day readmission 5.5 4.6 5.9 5.9 5.6 0.045
365-day mortality 11.7 5.1 8.5 15.0 27.1  < 0.001

Table 4   Association between outcome measures, age and comorbidities: adjusted odds ratio and hazard ratio with estimated 95% confidence 
interval

Values in bold indicate statistically significant results
Adjusted OR is calculated with multivariable logistic regression analysis with stepwise backward selection. Independent variables: gender, age, 
admission modality, hospitalization in the year before the index surgery, abdominal surgery 3 years before the index surgery, stoma creation in 
the index hospitalization, site surgery, surgical approach and comorbidities (ACG). Adjusted OR was not reported for the diseases excluded by 
stepwise backward selection
Adjusted HR is calculated with Cox regression model. Independent variables: gender, age, admission modality, hospitalization in the year before 
the index surgery, abdominal surgery 3 years before the index surgery, stoma creation in the index hospitalization, site surgery, surgical approach 
and comorbidities (ACG)
Adjusted OR and HR was not reported for the diseases excluded by stepwise backward selection
LOS length of stay; * (iron deficiency, other deficiency anemias)

Preoperative LOS 
(OR)

Postoperative LOS 
(OR)

30-day reoperation 
(OR)

30-day readmission 
(OR)

Overall survival (HR)

65–74 1.14 (0.91–1.11) 1.49 (1.31–1.69) 0.88 (0.69–1.12) 1.17 (0.89–1.53) 1.50 (1.18–1.89)
75–84 1.42 (1.215–1.76) 1.86 (1.65–2.11) 0.92 (0.73–1.16) 1.10 (0.85–1.43) 2.22 (1.80–2.75)
85+  1.43 (1.09–1.86) 2.51 (2.09–3.01) 0.85 (0.59–1.24) 1.03 (0.70–1.51) 3.36 (2.64–4.26)
Depression – 1.21 (1.02–1.42) – – 1.44 (1.12–1.86)
Diabetes 1.33 (1.10–1.61) – 0.78 (0.60–1.01) 1.31 (1.03–1.66) –
CHF 1.51 (1.13–2.02) 1.31 (1.05–1.65) – – 1.99 (1.63–2.42)
Hypertension 1.19 (1.01–1.41) 1.10 (0.99–1.22) – – –
Asthma/COPD – 1.18 (1.03–1.35) – – 1.39 (1.08–1.78)
Parkinson disease 1.52 (0.94–2.45) 1.52 (1.07–2.17) – – –
Dementia – – – 1.88 (1.19–2.95) 1.44 (1.12–1.86)
Hypothyroidism – – – 1.52 (1.02–2.28) –
CRF – – – 1.82 (1.20–2.75) 1.45 (1.13–1.88)
Anemia* 2.34 (1.94–2.83) 1.14 (0.99–1.31) – – –
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Our data analysis did not find any association between 
old age and 30-day reoperation and 30-day postoperative 
readmission rates, confirming that chronologic age itself 
did not negatively influence surgical outcomes in CRC 
patients. Moreover, after adjusting for age, we found a 
significant and independent association between Diabetes, 
Dementia, Hypothyroidism, CRF, and 30-day postopera-
tive readmission. Depression, CHF, Asthma/COPD, and 
Dementia significantly predicted OS in our patients, and 
along with CRF.

Since multimorbidity indicates a more vulnerable 
health status that increases the risk of adverse outcomes 
[27], identifying comorbidities is an important step in 
managing cancer patients that require surgical resection. 
Both surgical and systemic oncological treatments are 
stressors that can potentially challenge the physiological 
reserves of an older patient [28]. Moreover, older patients 
with CRC are characterized by lower cancer-related sur-
vival rates, which might be attributed to less aggressive 
treatment [29].

Lemmens et  al. conducted a comprehensive assess-
ment in older patients undergoing surgical tumor resec-
tion at the time of diagnosis to uncover existing comorbid 
conditions that could predict complications and/or less 
favorable outcomes and mortality [30]. They found that 
the assessment helped to facilitate surgical planning and 
to offer the best therapeutic options to the patients and 
caregivers. Furthermore, they stated that the use of pre-
habilitation programs, especially in patients undergoing 
planned surgical procedures, could help improve the pre-
operative physical condition and could result in improved 
cancer outcome [30].

Another study conducted a multidisciplinary preoperative 
assessment to reveal known risk factors for postoperative 
complications that could be improved in the preoperative 
period, such as poly-medication, malnutrition, dehydration, 
and electrolyte imbalance [31] with the intent to reduce the 
older individuals’ preoperative LOS and postoperative com-
plications, such as delirium [32].

In older patients undergoing surgical tumor resection, 
the implementation of pre-habilitation programs, fast track 
protocols, or ERAS bundles can have positive effects on the 
outcomes considered in the present study [33, 34].

While this study included a large sample size and con-
firmed data on patients’ comorbidities from administrative 
databases, it had several limitations, including the lack of 
information on the cancer stage, chemotherapy/radiotherapy 
treatments, the severity of comorbidities (CHF-NYHA class) 
in patients, and the distribution of some important risk fac-
tors and their management.

Conclusions and implications

Data analysis confirmed that age affected the short- and 
long-term outcomes in this study cohort of older patients 
that required surgical treatment for CRC. A comprehen-
sive pre-surgical assessment of the patients’ comorbidi-
ties could facilitate the prognostic analysis and help to 
calculate the risk–benefit ratio as well as to select the best 
therapeutic option for the CRC patient with multimorbid-
ity. Future studies need to consider the patients’ cancer 
stage, the severity of comorbidities, and other risk factors 
to evaluate other dimensions of disease complexity.
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