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ABSTRACT

Background

Age and comorbidity are considered the strongest predictors for adverse events after colorec-
tal cancer (CRC) surgery. We aim to study the interaction of age and comorbidity and to gain
better insight in options to improve care for the growing group of older patients.

Materials and Methods

We included all patients =70 years undergoing elective surgery for non-metastatic CRC
between 2011-2019 in the Netherlands. Baseline characteristics, surgical and non-surgical
complications, readmission and short-term mortality were collected from the Dutch Colorec-
tal Audit (DCRA). The cohort was stratified by 70-79, 80-89 and =90 years. Comorbidity
prevalence and postoperative outcomes were determined per age group. We analyzed the
interaction (age-group*comorbidity) with all outcomes using multivariate logistic regression
analysis. Age-stratified analysis was indicated if the interaction was significant.

Results

We included 25727 patients of 70-79 years, 12198 patients of 80-89 years, and 713 of 290
years. Non-surgical complications and mortality increased with older age, while surgical
complications significantly decreased. However, the association of a Charlson Comorbidity
Index (CCI) score 23, cardiovascular and cardiopulmonary disease with adverse postopera-
tive outcome decreased with older age. For example, the odds ratio (OR) of a CCI score 23
for non-surgical complications was 1.79 (Confidence Interval (CI) 95% 1.66-1.94), 1.50 (CI
95% 1.36-1.65) and 1.21 (CI 95% 0.80-1.81) for respectively 70-79, 80-89 and =90 years.

Conclusion

The rate of non-surgical complications after CRC surgery increases with older age, although
older age itself become less associated with comorbidity. Maybe, risk assessment in the oldest
patient should shift towards other predictors, such as frailty.
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INTRODUCTION

Colorectal cancer (CRC) is a major health issue in the Netherlands. Surgical resection is the
primary treatment option for patients with non-metastatic CRC. As the incidence of CRC is
increasing with age and the life expectancy rises, the focus of treatment for CRC patients is
shifting towards the older population. At this moment, CRC is diagnosed at an average age
of 71 years [1]. Older patients are at increased risk for adverse outcome after surgery, such as
postoperative complications, readmissions or mortality [2-6]. Several studies report comor-
bidity as the strongest predictor for postoperative morbidity and mortality 7, 8]. Although
overall comorbidity increases with increasing age [9, 10], the prevalence of several comorbid
conditions has different patterns across the older age spectrum. For example, the prevalence
of dementia or cardiac disease increases progressively with age, the presence of ‘other ma-
lignancies’ increases more gradually, while diabetes peaks around the age of 80 years and
declines in later life [10, 11]. As comorbidity prevalence varies at different ages, the predictive
value of comorbidity for postoperative outcome may be different per age group as well. The
oldest age group longevity may be associated with milder and less comorbid diseases. Other
preoperative factors — such as disability, nutritional status or institutionalization (which are
all elements of the geriatric assessment) — may therefore prevail in predicting in postopera-
tive outcome. Thus, investigating the age-specific impact of comorbidity could initiate a more
targeted counseling and treatment for the ‘old, older and oldest’ CRC patients. Therefore, we
aimed to determine the prevalence of several comorbid diseases in older patients undergoing
CRC surgery and to assess the effect of comorbid diseases on adverse postoperative outcomes
in the old, older and oldest age groups.

METHODS

Study population and design

The included patients were selected from the Dutch Colorectal Audit (DCRA). The DCRA
is a national obligatory audit (and therefore approved by the institutional review boards of
the participating hospitals) that prospectively collects patients demographics, tumor and
treatment characteristics in combination with postoperative outcomes of all patients who
received CRC surgery in the Netherlands. More detailed information about the DCRA has
been extensively described elsewhere [12]. For the current study we included all patients
aged 70 years and older who underwent elective surgery for non-metastatic CRC between
2011-2019. Patients who required stenting or decompressing stoma prior to primary resec-
tion or patients who underwent local excision were excluded. The same cohort was used in
an earlier study [2].
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Baseline variables

Age, sex, American Society Anesthesiology (ASA) score, tumor stage (TNM classification),
surgical approach and neo-adjuvant therapy were all obtained through the DCRA. The
DCRA registers the preoperative presence of fourteen comorbid diseases that are included
in the Charlson comorbidity index (CCI) [13]; myocardial infarction, congestive heart failure
(CHEF), peripheral vascular disease, cerebrovascular accident (CVA) or transient ischemic
attack (TIA), dementia, chronic pulmonary disease, connective tissue disease, peptic ulcer
disease, liver disease (mild or moderate to severe), diabetes mellitus (DM) (uncomplicated or
with end-organ damage), hemiplegia or paraplegia, moderate to severe chronic kidney dis-
ease (CKD), other (localized or metastatic) malignancy, including leukemia and lymphoma,
and acquired immunodeficiency syndrome (AIDS) or human immunodeficiency virus
(HIV). We calculated the CCI score without adjusting for age. We distinguished two extra
comorbid conditions; cardiovascular disease and cardiopulmonary disease. In clinical prac-
tice, patients with these conditions are considered at high risk of adverse outcome during and
after surgical treatment. Furthermore, cardiovascular and cardiopulmonary disease place an
enormous burden on the health care system [14-16]. ‘Cardiovascular disease’ included myo-
cardial infarction, CVA, TIA or peripheral vascular disease and ‘cardiopulmonary disease’
included chronic pulmonary disease, myocardial infarction or CHF.

Outcome measurements

The primary outcome was the occurrence of at least one postoperative complication, strati-
fied by surgical and non-surgical complications. Surgical complications consisted of anas-
tomotic leakage, abscess, bleeding, ileus, fascia dehiscence, bowel perforation, leakage from
bladder or ureter, or surgical wound infection. Non-surgical complications were defined as
pulmonary, cardiac, thromboembolic and neurologic events, infection (other than pulmo-
nary or wound infection), or other. The secondary outcomes were readmission and mortality.
The DCRA registers several postoperative outcomes including postoperative complications,
length of stay, readmission, and mortality within 30-days (2011-2017) and 90-days (2018-
2019) after surgery.

Statistical analysis

The study cohort was divided in three age groups; 70-79 years, 80-89 years and =90 years.
Baseline characteristics (including patient-, tumor and treatment features) were compared
between these three age groups. The prevalence of a CCI score 23, cardiovascular disease,
cardiopulmonary disease and the fourteen separate comorbid conditions were described. To
assess whether the prevalence of several comorbid conditions varies across the older popula-
tion, we used a five-year interval (70-74, 75-79, 80-84, 85-89, and 290 years) to graphically
illustrate any prevalence changes. To evaluate adverse postoperative outcome, the rate of non-
surgical complications, surgical complications, readmissions, and mortality were determined
in the three (10-year interval) age groups. To asses any interaction between comorbidity and
the (10-years interval) age groups for postoperative outcome, we performed logistic regres-
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sion analyses. The comorbid condition and age group were included as independent variables
and the postoperative outcome as dependent variable. If the comorbid condition was not
associated in univariate analysis, no multivariate analysis — in which we adjusted for clini-
cally relevant variables (age, sex, tumor stage, tumor localization, neo-adjuvant radiotherapy,
and surgical approach) - was performed. Then, the interaction term “comorbid disease*age
group” was added as independent variable. If the interaction term was significant (p<0.05) in
the multivariate analysis, it signified that the effect of the comorbid condition on the postop-
erative outcome was different between the age groups. Subsequently, age-stratified logistic
regression was indicated. The age-stratified logistic regression analysis was univariate and
only performed for surgical and non-surgical complications, due to the low number of events
in the age group 290 year and low numbers of readmission and mortality. Based on the age-
stratified logistic regression models, we were able to calculate a patient’s individual risk of
having a postoperative complication. The risk is scored on a scale from 0 to 1 (0 indicates
the impossibility and 1 indicates the certainty of having a complication) and was graphically
visualized. We only visualized CCI 23, cardiovascular and cardiopulmonary disease, as those
were considered the most clinically relevant. Missing data was excluded from analysis when
the missing percentage was extremely small (<0.1%). P-values below 0.05 will be considered
as statistically significant and all statistical analysis will be performed with SPSS 25.0.

RESULTS

Study population

As described earlier [2], 39788 patients 270 years had elective surgery between 2011-2019 in
the Netherlands for non-metastatic CRC. We excluded 1150 patients, as 862 patients received
a local excision, 278 patients had stenting or a temporary decompressing stoma prior to elec-
tive CRC resection, and for ten patients the age was unknown. The current study eventually
consisted of 38638 patients; 25727 patients were 70-79 years, 12198 patients were 80-89 years
and 713 patients were >90 years.

Baseline characteristics

Figure 1 shows the differences in patient demographics, tumor and treatment characteristics
between the three age groups. All differences were statistically significant. With increasing
age, the proportion of female patients increased, as well as the proportion of patients with
ASA score III+ and higher CCI score. Rectal carcinoma was less common with older age.
The proportion of patients presenting with a higher tumor stage increased with age. Regard-
ing treatment, the proportion of patients receiving open surgery increased in the older age
groups. Neo-adjuvant therapy was less frequently initiated in the older patients diagnosed
with rectal cancer. Although a significant part of information about neo-adjuvant chemo-
therapy was missing, chemotherapy was less common in the oldest patients.
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Comorbidity prevalence

The prevalence of several comorbid conditions are shown in appendix Table 1; 6480 (16.8%)
patients had a CCI score >3, 9512 (24.6%) had cardiovascular disease, and 9001 (23.3%)
patients had cardiopulmonary disease. Myocardial infarction had occurred in 3311 patients
(8.6%). The prevalence of other clinical relevant comorbidities was: 7569 (19.6%) patients
had diabetes mellitus and 1854 (4.8%) patient had chronic kidney disease.

Figure 1 shows the prevalence of frequently occurring comorbid diseases over the five-
year interval age-spectrum. The prevalence of other malignancy, CHE and chronic kidney
disease continuously increased (respectively 15.5 to 19.1%, 3.2 to 9.0% and 3.1 to 8.8% for
patients aged 70-75 years compared to > 90 years). Diabetes peaked in the age group 80-84
years (21.4%) and then sharply declined to 12.8% in patients =90 years. The prevalence of
cardiovascular disease (30%), cardiopulmonary disease (28.1%), CCI 23 (20.6%), CVA/TIA
(16.1%), and myocardial infarction (10.5%) reached its highest point in patients of 85-89
years.

Table 1. Baseline characteristics stratified by age group

Total 70-79 years 80-89 years =90 years
n=38638 n=25727 n= 12198 n=713
Median Age (IQR) 76 (73-81) 74 (72-76) 83 (81-85) 91 (90-92)
Sex
Male 20895 (54.1) 14680 (57.1) 5912 (48.5) 303 (42.5)
Female 17740 (45.9) 11045 (42.9) 6285 (51.5) 410 (57.5)

Median Body Mass Index (IQR) 25.8 (23.4-28.7)  26.1(23.7-29.1)  25.3(23.0-28.0) 24.4(22.2-26.7)
ASA score

ASA /I 25852 (66.9) 18691 (72.7) 6805 (55.8) 356 (50.0)
ASA T+ 12764 (33.1) 7022 (27.3) 5386 (44.2) 356 (50.0)
Charlson comorbidity index

(Ccr)

0 15184 (39.3) 10913 (42.4) 4026 (33.0) 245 (34.4)
1 9801 (25.4) 6404 (24.9) 3191 (26.2) 206 (28.9)
2 7173 (18.6) 4512 (17.5) 2536 (20.8) 125 (17.5)
>3 6480 (16.8) 3898 (15.2) 2445 (20.0) 137 (19.2)
Tumor localization

Colon 28577 (74.0) 18521 (72.0) 9430 (77.3) 626 (87.8)
Rectum 10053 (26.0) 7200 (28.0) 2766 (22.7) 87 (12.2)
TNM stage

Stage I 11412 (29.5) 8306 (32.3) 2977 (24.4) 129 (18.1)
Stage II 14503 (37.5) 8881 (34.5) 5257 (43.1) 365 (51.2)
Stage III 12077 (31.3) 8081 (31.4) 3790 (31.1) 206 (28.9)
Unknown 646 (1.7) 459 (1.8) 174 (1.4) 13 (1.8)
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Table 1. Baseline characteristics stratified by age group (continued)

Total 70-79 years 80-89 years 290 years

n=38638 n=25727 n= 12198 n=713
Surgical approach
Open 9276 (24.0) 5625 (21.9) 3388 (27.8) 263 (36.9)
Laparoscopic 27917 (72.3) 19088 (74.2) 8396 (68.8) 433 (60.7)
Robot assisted 688 (1.8) 480 (1.9) 201 (1.6) 7 (1.0)
Other* 361 (0.9) 270 (1.0) 89 (0.7) 2(0.3)
Unknown 396 (1.0) 264 (1.0) 124 (1.0) 8(1.1)
Neoadjuvant radiotherapy*
None 3902 (38.8) 2682 (37.3) 1163 (42.0) 57 (65.5)
Not specified 5023 (50.0) 3695 (51.3) 1306 (47.2) 22 (25.3)
5x5 Gy 564 (5.6) 368 (5.1) 188 (6.8) 8(9.2)
Chemoradiation 555 (5.5) 448 (6.2) 107 (3.9) 0
Neoadjuvant chemotherapy®
None 5859 (58.3) 4122 (57.3) 1690 (61.1) 47 (54.0)
Yes 1254 (12.5) 1073 (14.9) 181 (6.5) 0
Unknown 2940 (29.2) 2005 (27.8) 895 (32.4) 40 (46.0)

Abbreviations: IQR interquartile range, ASA American Society of Anesthesiology, TNM TNM Classifi-
cation of Malignant Tumors

Additional missing data: sex (3 patients), ASA score (22 patients), localization (8 patients), , radio-

therapy (9)

* other: Transanal and transabdominal endoscopic TME (TaTME of TAMIS TME)

“ Exclusively the patients with rectal cancer (n=10053)

Figure 1. Prevalence of several comorbid diseases within the older age spectrum

30

T5-78 year 5054 yesr 2550 year
Cardiovascular dissase DM Myocardial infarction
— — -Cardopulmonarydisease  — — - Other maligrancy = = = Peripheral vascular disease
- -3 —CVA Chronic kidney disease
— — - Chroric pulmanary dissase CHF

Abbreviations: CCI Charlson Comorbidity Index, DM Diabetes Mellitus, CVA cerebrovascular accident,
CHEF congestive heart failure
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Table 2. Postoperative outcome per age group

Total 70-79 years 80-89 years 290 years
n=38638 (%) n=25727 n=12198 n="713
Non-surgical complications 8141 (21.1) 4904 (19.1) 3036 (24.9) 201 (28.2)*
Surgical complications 7164 (18.5) 4705 (18.3) 2360 (19.3) 99 (13.9)
Readmissions 3099 (8.0) 2099 (8.2) 964 (7.9) 36 (5.0)
Short-term mortality 1132 (2.9) 505 (2.0) 577 (4.7) 50 (7.0)

*All differences were significant

Interaction between comorbidity and age

All comorbidities — except for peptic ulcer disease, connective tissue disease and dementia
- were significantly associated with surgical complications, non-surgical complications,
readmissions, and short-term mortality in multivariate analysis (Appendix Table 2 and 3).

We found a significant interaction between the age group and CCI score 23, cardiovascular
disease, cardiopulmonary disease, CVA/TIA, and myocardial infarction for non-surgical and
surgical complications. Peripheral vascular disease had a significant interaction with age for
surgical complications as well. Only cardiovascular disease interacted with age for the risk
of readmission. Cardiovascular disease, diabetes mellitus, CVA/TIA, myocardial infarction,
peripheral vascular disease, and CHF had a significant interaction with age for the risk of
mortality (appendix Table 2 and 3).

Based on the results of the age-stratified analysis (appendix Table 4), the individual risk for
postoperative complications with or without comorbidity per age group is visualized in Fig-
ure 3 (non-surgical complications) and 4 (surgical complications).

Figure 3 shows that in age group 70-79 years, non-surgical complications were more likely
to occur in patients with a CCI score >3, cardiovascular disease, or cardiopulmonary dis-
ease compared to their counterparts without these comorbidities. With increasing age, the
risk difference between patients with and without comorbidity, gradually decreases. In the
oldest age group, patients with comorbidity had similar risk of non-surgical complications
compared to patients without comorbidity. For CCI score =3, this corresponds to an OR of
1.79 (CI 95% 1.66-1.94) for patients 70-79 years, 1.50 (CI 95% 1.36-1.65) for patients 80-
89 years and 1.21 (CI 95% 0.81-1.81) for patients 290 years. For cardiovascular disease and
cardiopulmonary disease, a decreasing OR with older age was found as well; respectively an
OR of 1.57 (CI 95% 1.47-1.69) for patients 70-79 years, 1.36 (CI 95% 1.24-1.48) for patients
80-89 years, and 0.88 (CI 95% 0.61-1.28) for patients 290 years and an OR of 1.60 (CI 95%
1.49-1.72) for patients 70-79 years, 1.44 (CI 95% 1.32-1.58) for patients 80-89 years, and 0.92
(CI95% 0.63-1.28) for patients 290 years.
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Figure 4 shows the individual risk of surgical complications. In age group 70-79 years, surgi-
cal complications were more likely to occur in patients with CCI 23, cardiovascular disease,
and cardiopulmonary disease. Again, with increasing age, the risk difference between
patients with and without comorbidity disappears. For CCI score 23, this corresponds to
OR of 1.50 (CI 95% 1.38-1.62) for patients 70-79 years, 1.22 (CI 95% 1.10-1.36) for patients
80-89 years, and 1.08 (CI 95% 0.63-1.82) for patients =90 years. The OR of surgical complica-
tions for cardiovascular disease and cardiopulmonary disease was respectively 1.42 (CI 95%
1.32-1.52) for patients 70-79 years, 1.08 (CI 95% 0.98-1.19) for patients 80-89 years, and 1.10
(CI 95% 0.69-1.76) for patients =90 years and an OR of 1.44 (CI 95% 1.38-1.55) for patients
70-79 years, 1.17 (CI 95% 1.06-1.29) for patients 80-89 years, and 1.08 (CI 95% 0.66-1.77) for
patients >90 years.

Figure 3. Risk of non-surgical complication per age group

Charlson Comorbidity Index

03 T 11 Y LD

E—

0,1

Risk of non-surgical
complications
f=1
S

age 70-79 age 80-89 age 90+

CCI<3 e=e= CCI>3

Cardiovascular disease

Risk of non-surgical
complications
L
S}

age 70-79 age 80-89 age 90+

No cardiovascular disease = e = Cardiovascular disease

Cardiopulmonary disease

Risk of non-surgical
complications
f=1
S

age 70-79 age 80-89 age 90+

No cardiopulmonary discase == == == Cardiopulmonary disease

25




Chapter 2

Figure 4. Risk of surgical complication per age group

Risk of surgical complications Risk of surgical complications

Risk of surgical complications

DISCUSSION

This nationwide population-based study showed that patient-, tumor- and treatment char-
acteristics are different between the old, older, and oldest patients who had elective surgery
for non-metastatic CRC. Mortality and the total number of non-surgical complications
increased with older age, while the rate of surgical complications and readmission decreased.
The prevalence of several comorbid conditions varied within the older population. Although
most common comorbid diseases were associated with adverse postoperative outcomes, the
strength of the association of CCI score 23, cardiovascular disease, and cardiopulmonary
disease with surgical and non-surgical complications reduced with increasing age.
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The current study is the first in describing the prevalence trend of comorbid diseases in older
CRC patients who were selected for elective surgery. Studies performed in a somewhat differ-
ent populations showed comparable results. Leersum et al [11] included patients diagnosed
with CRC at adult age with or without surgical treatment between 1995-2010 and showed a
similar change in other malignancy, diabetes, peripheral vascular disease, CVA and pulmo-
nary disease across the older age spectrum. Piccirillo et al [10] included patients diagnosed
with cancer (10% CRC) between 1998-2003 at adult age and demonstrated the same pattern
in other malignancy and diabetes.

Several studies found an association of comorbid diseases and adverse outcomes after CRC
surgery [7]. However, none of these studies tested for an age-specific impact of comorbidity.
Two studies - respectively in patients with SARS-CoV-2 [17] and patients selected for radical
prostatectomy [18] - supported the age-specific impact of comorbidity by demonstrating a
reduced association of comorbidity with adverse outcomes in the oldest patients.

The attenuated association of comorbidity with increasing age might be explained by a
relatively fitter health status of the oldest patients. The longevity of these patients may be the
result of milder comorbid conditions [10], they may have lived a healthier lifestyle or have
more favorable genetics that protects against health problems [19]. On the other hand, we
need to be aware that selection bias occurred in this patient population. The study cohort
consisted of patients who were elected for surgical treatment. As the proportion of patients
receiving non-surgical treatment increases with age [20], a ‘healthier’ selection is more likely
to occur in the oldest age category [20, 21]. Furthermore, advanced age may serve as con-
founder for the increased proportion of female patients (Table 1) [22]. Female patients with
CRC present less frequently with comorbidities and female patients with comorbidities are
more likely to receive non-surgical treatment than male patients with the same comorbid
diseases [23].

Despite the attenuated association of comorbidity with older age on postoperative outcome,
still, the total number of non-surgical complications increased, while the rate of surgical
complications decreased (Table 2). Surgical complications, such as anastomotic leakage and
surgical side infections, are associated with male sex, rectal carcinoma, obesity (high BMI),
and comorbid diseases [24-26]. All of these characteristics occurred less frequently in the
older age categories (Table 1 and 2). On the contrary, the number of non-surgical complica-
tions and mortality increased. This indicates that - despite the reduced association of comor-
bidity - the oldest age group is still at higher risk of mortality and non-surgical complications
than their younger counterparts. Another important factor associated with complications in
older patients after CRC surgery, that has not been addressed yet, is frailty [8, 27, 28]. Frailty
is a reduced physiological state based on several domains, e.g. the somatic, functional, cogni-
tive and psychosocial state [29] that increases with older age [30]. As frailty is thought to
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particularly affect non-surgical complications [31], it is possible that frailty is stronger related
to adverse postoperative outcome than comorbidity in the oldest age groups.

In clinical practice, identifying older patients at risk of complications is challenging due to
the populations’ heterogeneity. Our findings support individualized preoperative care for
older patients, aiming to improve postoperative outcomes. First, this study emphasized that
several comorbid conditions are associated with adverse postoperative outcomes. Counsel-
ing patients about the risks and recovery process and consultation of organ specific medical
specialists (e.g. cardiologist, pulmonologist etc.) is therefore already part of standard care.
Second, our findings show that some specific comorbid diseases (e.g. CCI 23, cardiopulmo-
nary disease and cardiovascular disease) have a less predictive value in risk assessment for
the oldest patients (=90 years). This suggests that preoperative optimization in the oldest
CRC patients should not focus on comorbidity particularly. As stated before, maybe other
predictors - such as frailty - are of more value in risk assessment in the oldest patients. To
improve non-surgical complications, prehabilitation - enhancing preoperative functional
capacity — could be advantageous as prehabilitation may especially affect patients with frailty
and several studies have described that prehabilitation particularly lowers non-surgical com-
plications [31, 32].

The main limitation of this study is the potential selection bias of patients fit for surgery, as
already addressed in the discussion. Furthermore, the three (10-year interval) age groups
consisted of an unequal number of patients. However, the oldest patient group still included
more than 700 patients. It would have been helpful to have information on frailty to define
the age-specific impact of frailty as well. Including frailty characteristics in national audits
could be considered. Furthermore, other long-term outcomes - such as remaining mobility
and remaining cognitive function - could be more relevant than postoperative complica-
tions, readmission, and mortality. Nevertheless, the current study is the first to describe an
age-specific impact of comorbidity in patients 270 that undergo elective CRC resection.
We used ‘true’ data; a large and complete nationwide population-based study cohort that
described the results of eight years of elective surgery in the Netherlands. Additionally, the
DCRA is a validated audit and over the 95% of the collected data is complete [12].
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CONCLUSIONS

This nationwide population-based study showed that non-surgical complications and

mortality increase with increasing age while surgical complications decrease. Baseline
characteristics and comorbidity prevalence are different between the old, older, and oldest
patients receiving elective surgery for non-metastatic. In the oldest age group, the strength
of the association of CCI >3, cardiopulmonary, and cardiovascular disease with surgical and
non-surgical complications decreased. Our findings confirm that individualized preoperative
care in the older population receiving elective CRC surgery is needed and preoperative risk
assessment should shift towards frailty.
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Chapter 2

APPENDIX

Appendix table 1. Prevalence per comorbid disease

Total
n=38638 (%)

Type of comorbidity
CCI =3
Cardiovascular disease

Cardiopulmonary disease

Diabetes mellitus*

Other malignancy*
Chronic pulmonary disease
Cerebrovascular accident
Myocardial infarction
Peripheral vascular disease
Congestive heart failure
Chronic kidney disease
Peptic ulcer disease
Connective tissue disease
Liver disease”

Dementia

Hemi or paraplegia

HIV

6480 (16.8)
9512 (24.6)
9001 (23.3)

7569 (19.6
6564 (17.0
5056 (13.1
4482 (11.6
3311 (8.6)
3254 (8.4)
1909 (4.9)
1854 (4.8)
1301 (3.4)
1311 (3.4)
917 (2.4)
693 (1.8)
66 (0.2)
14 (0.0)

)
)
)
)

*with and without chronic complications

*localized or metastatic
® mild, moderate or severe
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Appendix Table 2. Multivariate regression analysis and interaction between comorbidity and non-sur-
gical and surgical complications

Non-surgical complications Surgical complications
nevents n within
Comorbidity type ithi Interaction* Interaction*
P W or(@smen T comorbidity  OR (95% CI) o eon
comorbid- age group age group
. events (%)
ity (%)
CCI 23 1884 (29.1) 1.61(1.51-1.71) 0.004 1486 (22.9) 1.35(1.27-1.45) 0.009

Diabetes mellitus 1847 (24.4) 1.26 (1.18-1.34)  0.312 1554 (20.5) 1.16(1.09-1.24)  0.814
Other malignancy 1555 (23.7) 1.14 (1.07-1.22) 0.285 1352 (20.6) 1.15(1.08-1.23) 0.511

Chronic pulmonary

. 1461 (28.9) 1.63(1.52-1.74) 0.123 1172 (23.2) 1.38(1.29-1.49) 0.115
disease

Cerebrovascular
accident

Myocardial infarction 875 (26.4) 1.27 (1.17-1.39) 0.029 734 (22.2) 1.19(1.09-1.30) 0.004

1203 (26.8) 1.39 (1.29-1.49) 0.020 938 (20.9) 1.18 (1.09-1.28) 0.048

Peripheral vascular

: 914 (28.1) 1.44(1.32-1.56)  0.109 716 (22.0) 1.21(1.10-1.32)  0.033
disease
Congestive heart
, 528 (27.7) 144(1.29-1.60)  0.135 400 (21.0) 120 (1.07-1.35)  0.616
failure
Chronic kid
TOMCKIANEY  568(30.6) 1.60 (1.45-1.77)  0.185 411 (222) 124(1.10-140)  0.647
disease
Liver disease 276 (30.1) 1.63(1.41-1.89)  1.000 217(23.7) 143 (1.22-1.67)  0.895
Cardiopul
ardlopuwimonary 431 (27.0) 1.50 (1.42-1.59)  0.005 1986 (22.1) 1.31(1.24-139)  0.003
disease
Cardiovascular
P 2515(26.4) 141(1.33-149)  0.001 2046 (21.5) 123 (1.61-1.31)  <0.001
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Appendix Table 3. Multivariate regression analysis and interaction between comorbidity and readmis-
sion and short-term mortality

Readmissions Short-term mortality
n events n events
Comorbidity type withi.nv OR (95% CI) Interaction* withi.n. OR (95% CI) Interaction*
comorbidity age group  comorbidity age group
(%) (%)

CCI =3 648 (10.0) 1.38(1.26-1.52) 0.966 364 (5.6) 2.18(1.91-2.49) 0.069
Diabetes mellitus 679 (9.0) 1.18 (1.08-1.29)  0.418 298 (3.9) 1.45(1.27-1.67)  0.044
Other malignancy 580 (8.8)  1.15(1.04-1.27) 0.895 243 (3.7) 1.24(1.07-1.44) 0.807

Chronic pulmonary
disease 451(8.9) 1.17(L.06-1.31)  0.090 236 (47) 171 (1.48-1.99)  0.621
Cerebrovascular
accident 423(9.4)  1.26(1.12-1.40)  0.083 215(4.8) 1.66 (1.42-1.94)  0.001
Myocardial
infarction 310 (94) 1.16(1.02-1.32)  0.055 186 (5.6)  1.89 (1.60-2.23)  0.009
Peripheral vascular

disease 302(9.3)  1.19(1.04-1.35) 0.437 176 (5.4)  1.88(1.59-2.23) 0.029
Congestive heart

failure 186 (9.7)  1.30(1.10-1.53) 0.923 129 (6.8)  2.28(1.87-2.77) 0.041

Chronic kidney
disease 200 (10.8)  1.44 (1.23-1.69) 0.777 118 (6.4)  2.03 (1.66-2.49) 0.141
Liver disease 91 (9.9) 1.37 (1.10-1.72) 0.857 46 (5.0) 1.68 (1.22-2.30) 0.304
Cardiopulmonary
disease 825(9.2) 1.24(1.14-1.35) 0.105 443 (4.9)  1.96 (1.73-2.23) 0.116
Cardiovascular
disease 905 (9.5)  1.29 (1.19-1.40) 0.028 458 (4.8)  1.92(1.69-2.17) <0.001
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Appendix Table 4. Age-stratified regression analysis and interaction between comorbidity and non-

surgical and surgical complications

70-79 years 80-89 years 90 -100 years
Comorbidity type n events n events n events
OR (95% CI OR (95% CI. OR (95% CI.
(%) (95% CI) %) (95% CI) %) (95% CI)
Non-surgical
complications
CCI >3 1075 (27.6) 1.79 (1.66-1.94) 765 (31.3) 1.50 (1.36-1.65) 43 (31.4) 1.21(0.81-1.81)
Cereb 1 28 (26.2
erebrovascular (1 o5 3y 150 (1.37-1.65) 514(292) 1.30 (1.16-1.45) 25 %%% .89 (0.56-1.41)
accident
Myocardial infarction 516 (25.3) 149 (1.34-1.65) 345 (28.3) 1.22(1.07-1.39) 14(26.9) 0.93 (0.50-1.76)
Cardiopul 46 (26.9
ar lzizazonary 1403 (252) 1.60 (1.49-1.72) 980 (30.1) 1.44(1.32-1.58) © %Y 095 (0.63-1.35)
1028 52 (26.4
Cardiovascular disease 1435 (24.9) 1.57 (1.47-1.69) (29.0) 1.36 (1.24-1.48) ( )0.88(0.61-1.28)
Surgical complications
CCI >3 929 (23.8) 150 (1.38-1.62) 536(21.9) 1.22(1.10-1.36) 20 (14.6) 1.08 (0.63-1.82)
Cerebrovascular 16 (15.0)
: 575(22.0) 1.29 (1.17-1.43) 347 (19.7) 1.03 (0.91-1.17) 1.11 (0.62-1.98)
accident
Myocardial infarction ~ 483 (23.7) 143 (1.28-1.59) 244 (20.0) 1.05(0.91-1.22) 7(13.5) 0.96 (0.42-2.20)
Peripheral I 11 (18.0
eripheral vascular o ) 9) 136(122-152) 240 (207) 110 (094-1.27) L8O 141 (071281
disease
Cardiopul 25 (14.9
ar lgii:ar:’:nary 1271 (22.8) 1.44(1.38-1.55) 689(21.2) 1.17(1.06-1.29) > %9 108 (0.66.1.77)
Cardiovascular disease 1303 (22.6) 1.42 (1.32-1.52) 714(20.2) 1.08 (0.98-1.19) 29 (147) 1.10 (0.69-1.76)
Readmissions
Cardiovascular disease 598 (10.4) 142 (1.29-1.57) 295 (8.3) 1.09 (0.94-1.25) 12(6.1) 1.33 (0.65-2.71)
Mortality
Diabetes mellitus 151 (3.0) 1.81(1.49-2.19) 139(55) 1.24(1.02-1.50) 8(8.8) 1.33(0.60-2.93)
Cereb 1 3028
erebrovascuiar 101(.9) 226 (1.81-282) 111(6.3) 144(1.17-1.79) % 034011112
accident
Myocardial infarction 95(4.7) 2.77(2.21-3.48) 87(7.1) 1.65(1.30-2.09) 4(7.7) 1.11(0.39-3.23)
Peripheral vascul 1(16
eripheral vascular o0\ ) s 191307 9077 1821442300 LY 021 0.03-1.51)
disease
Congestive heart failure 52 (5.3)  3.00 (2.24-4.03) 69 (8.0) 1.85(1.42-2.40) 8(12.5) 2.07(0.92-4.61)
Cardiovascular disease 218 (3.8)  2.69 (2.25-3.21) 232 (6.6) 1.69(1.42-2.00) 8(4.1) 0.48 (0.22-1.04)
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