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Impact of comorbidity and frailty on prognosis in colorectal cancer patients: a 

systematic review and meta-analysis 

 

Abstract 

Introduction: Colorectal cancer (CRC) is largely diagnosed at old age, when comorbidities and 

frailty are common and might be important prognostic factors of CRC. We aimed to 

systematically review epidemiological evidence on the prognostic role of comorbidity and frailty 

in CRC patients. 

Methods: We systematically searched the PubMed and Web of Science databases up to August 

08, 2017 for observational studies that used a standardized index to assess comorbidity or frailty, 

investigated and reported odds ratios (OR) or hazard ratios (HR) of their associations with any of 

the following CRC prognostic outcomes: thirty-day, overall or CRC-specific mortality and 

disease-free or recurrence-free survival. The study was conducted using standard meta-analysis 

methodology.  

Results: Thirty-seven cohort studies were identified and included in this review: 35 on 

comorbidity and 2 on frailty. Of the 35 studies, 13 with comparable methodology were eligible 

for a meta-analysis. Compared to CRC patients without comorbidity, those with mild/moderate 

and severe comorbidity had, respectively, a higher risk of 30-day (OR=1.71; 95% confidence 

interval (CI): 1.26-2.31 and OR=2.62; 95% CI: 1.97-3.47), overall (HR=1.41; 95% CI: 1.23-1.62 

and HR=2.03; 95% CI: 1.76-2.34), and CRC-specific mortality (HR=1.06; 95% CI: 1.02-1.10 

and HR=1.14; 95% CI: 1.04-1.23). Frail CRC patients showed higher overall mortality than non-

frail patients (HRrange: 2.60-3.39).  
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Conclusions: Comorbidity and frailty are strong prognostic factors of survival in CRC patients 

apart from the commonly considered sociodemographic and tumor characteristics. 

Comprehensive geriatric assessment might help to optimize care of CRC patients, by improving 

early identification and management of comorbidities and geriatric syndromes. 

 

Keywords: Comorbidity, frailty, geriatric syndromes, mortality, prognosis, colorectal neoplasms 
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Introduction 

Colorectal cancer (CRC) is the third most commonly diagnosed cancer and the fourth most 

common cause of cancer-related deaths in the world[1]. Worldwide, about 1.4 million cases are 

recorded every year and about 0.7 million deaths are attributed to CRC[1]. Because of the 

increasing incidence in some of the economically transitioning countries[2,3], the burden of CRC 

may continue to increase, with approximately 60% and 57% expected increase in global 

incidence and mortality, respectively, by 2030[2].  

CRC is largely diagnosed in old age, at which comorbidity[4] and frailty[5,6] are common. 

Frailty is a state of age-related decline in biological reserve, decreased ability to maintain 

physiological balance and increased vulnerability to adverse health events[7]. Due to 

demographic aging[8], the number of older CRC patients and the prevalence of comorbidity and 

frailty among CRC patients are steadily increasing[9-11]. There is some evidence suggesting that 

between 24-43%[12,13] and over half of CRC patients[9,14] are frail or have at least one 

comorbid condition, respectively. 

Since frailty and comorbidity are known to be associated with an increased mortality risk in both 

the general population and cancer patients[6,7,15], they are likely to play an important role in 

CRC prognosis. For instance, comorbidity and frailty may independently increase the risk of 

non-cancer deaths[16] or obscure cancer signs, leading to late diagnosis and rapid disease 

progression[15,17], or decrease the likelihood of cancer patients receiving standard 

treatments[15,18,19]. Comorbidities may also interact with CRC to either accelerate disease 

progression or increase mortality risk[20].  
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Thus, understanding whether and quantifying the extent to which comorbidity and frailty impact 

CRC prognosis might help provide more evidence-based treatment decisions for and risk 

stratification of CRC patients. In recent years, a number of epidemiological studies have 

addressed the role of comorbidity and frailty in CRC prognosis. In this study, we aimed to 

systematically review and summarize results of these studies. 
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Materials and Methods 

Literature search 

We conducted a systematic literature search in the PubMed and Web of Science databases, 

without language restrictions, to identify relevant studies up to 8 th August, 2017. For PubMed, 

the following search strategy was used, incorporating Medical Search Headings (MeSH): 

(((comorbidit* OR multimorbidit* OR frailt* OR frail OR sarcopen* OR 

“Comorbidity”[MeSH]) AND ((score* OR index* OR indices) OR (burden OR 

“Morbidity”[MeSH]) OR prevalen* OR inciden*))) OR (“functional status”)) AND (((colon OR 

bowel OR rectum OR rectal OR colorect*) AND (cancer OR neoplasm OR carcinoma OR 

adenoma OR adenocarcinoma)) OR “Colorectal Neoplasms”[MeSH]) AND (mortalit* OR 

death* OR survival OR prognos* OR recurrence OR “Mortality”[MeSH]). For the Web of 

Science search, the MeSH-terms were removed from the search strategy. Cross-referencing was 

conducted by manually searching bibliographies of the included articles for additional eligible 

studies. This study was conducted in accordance with established guidelines (PRISMA[21] and 

MOOSE[22]). 

Selection of studies 

Studies were eligible for inclusion in this review if they: (a) were published observational studies 

that used a standardized index to assess overall comorbidity or frailty in clinically diagnosed 

CRC patients and reported its association with at least one of the following outcomes: disease-

free or recurrence-free survival and 30-day, all-cause or CRC-specific mortality; (b) reported 

odds ratios (ORs) or hazard ratios (HRs) and 95% confidence intervals (CIs) of the examined 

associations; and (c) assessed comorbidities either before CRC diagnosis or within 6 months of 
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diagnosis. Studies that used the American Society of Anesthesiologists (ASA) grade[23] as a 

proxy measure of comorbidity and investigated its impact on 30-day mortality after CRC surgery 

were also included. Two reviewers (DB, BR) used these criteria to independently select the 

eligible studies.  Studies on cancer in general that did not provide specific results for CRC and 

those that used only skeletal muscle mass to define frailty were excluded. Where more than one 

study had used the same sample, the less informative article was excluded. We also excluded 

studies published as abstracts or poster presentations only or when the full study was not 

accessible even upon contacts with authors. 

Data extraction and quality assessment 

Two investigators (DB, BR) extracted data from eligible studies, independently from each other, 

using pre-specified data extraction forms. One of the forms included the basic characteristics 

reported in Table 1. The second form included individual study results, as reported in 

Supplemental Tables 1-3. In the case of differentially adjusted effect measures in the same study, 

the most comprehensively adjusted measures were extracted. 

The Newcastle-Ottawa Scale for cohort studies[24] was modified and used to assess the quality 

and risk of bias of the included studies. Two investigators (DB, BR) independently assessed each 

of the eligible studies using the following domains: (a) representativeness of the sample, (b) 

valid and reliable exposure assessment, (c) adequate and (d) complete follow-up of the 

participants, (e) accurate ascertainment of outcomes, and (e) adjustment for at least age, sex and 

cancer stage in the multivariable model. Each domain was awarded one point, giving a total of 

six achievable points – high scores indicate high quality and low risk of bias. In case of initial 
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disparity in the data extraction and quality assessment between the reviewers, consensus was 

achieved through additional review and comprehensive discussion. 

Statistical analysis 

Studies that had a quality score of three or more and adjusted for at least age and cancer stage 

were included in the meta-analysis. Of these studies, those that used the same indices for 

comorbidity assessment were selected for quantitative data synthesis, if their reference and 

exposure categories allowed for combination of risk estimates. We defined severe comorbidity as 

ASA[23] grade ≥III or Charlson Comorbidity Index (CCI)[25] ≥3 and mild/moderate 

comorbidity as CCI 1-2. 

We log-transformed the extracted HRs/ORs and estimated their standard errors indirectly[26]. 

Then, the HRs/ORs were synthesized in both fixed and random effects models. Results from the 

random effects estimates, which take into account both within and between study 

heterogeneity[27], are reported as the main results in this meta-analysis. If studies reported 

estimates of non-aggregated exposure groups separately, the estimates were first combined  

using a fixed effects model before including them in the main analysis (e.g. HR/OR estimates for 

CCI 1 and 2 were combined to get an estimate for category CCI 1-2). Two studies reported 

results stratified by CRC stage II and III [28,29], which we combined in a similar way to derive 

the mortality estimate in CRC patients. Additional subgroup analyses were conducted combining 

studies according to timings of comorbidity assessment, cancer site and geographical origin of a 

study. 

Heterogeneity in the included studies was assessed with Cochran’s Q test and the I2 statistic[30]. 

Sensitivity analyses were performed by omitting one study at a time to assess how each study 
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influenced the overall estimates and the heterogeneity. We further used funnel plots (Trim-and-

Fill method) to assess potential publication bias[31,32]. All analyses were performed with the R 

statistical software (version 3.3.2)[33] and the R “meta” package (version 4.8-1)[34]. 
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Results 

Literature search results  

The systematic search identified 2,412 records: 1,129 from PubMed and 1,283 from Web of 

Science. After exclusion of duplicates, full-text review and cross-referencing, 37 studies were 

included in this review, as shown in Figure 1. Of these cohort studies, 35 and 2 studies 

respectively assessed comorbidity and frailty and their association with CRC prognosis. Of the 

35 studies, 23 investigated overall mortality, 10 examined CRC-specific mortality, 8 investigated 

30-day mortality, and 3 assessed disease-free survival. Comorbidity indices used were CCI (24 

studies), ASA (6 studies), Adult Comorbidity Evaluation-27 (4 studies) and others (4 studies) 

(Supplemental Tables 1-3). Thirteen studies with comparable methodology were eligible for 

meta-analysis: three, 5 and 6 on 30-day, overall and CRC-specific mortality, respectively (one 

study[35] reported both overall and CRC-specific mortality). 

Study characteristics 

Of the 8 studies on 30-day mortality, 6 were from Europe and 2 were from North America. The 3 

eligible studies for meta-analysis (Figure 2) encompassed 194,031 CRC patients, with individual 

sample sizes ranging from 2,204 to 160,920 participants. Men and women were appropriately 

equally represented in these studies. The studies had a mean quality assessment score of 5.3 out 

of 6 (Table 1). We excluded the study by Stornes et al.[36] from the meta-analysis because it 

included only rectal cancer patients and had a relatively small sample size, but was included in 

the sensitivity analysis. 



 

11 
 

Eight of the 23 studies on overall mortality were from Europe, 8 were from North America, 4 

from Oceania and 3 from Asia. Of the 5 meta-analyzed studies (Figure 3), 2 assessed 

comorbidities before CRC diagnosis[37,38] and the lengths of follow-up spanned 6-15 years. 

The studies included 43,986 CRC patients, with individual sample sizes ranging from 115 to 

31,103 participants. Overall, the studies had representative samples and adequate and complete 

follow-up of participants. The mean quality assessment score of the studies was 4.8 out of 6 

(Table 1). The study by Parakh et al.[39] was excluded from this meta-analysis because it 

included only metastatic CRC patients, of whom 62% had liver metastasis and 22.7% received 

chemotherapy prior to comorbidity assessment. 

Of the 10 studies on CRC-specific mortality, 5 were from North America, 3 were from Europe, 1 

from Asia and 1 from Oceania. The 6 meta-analyzed studies (Figure 4) comprised 107,509 CRC 

patients, with lengths of follow-up spanning 1-17 years. Five studies[28,29,35,40,41] had 

representative samples, and three studies[28,29,42] assessed comorbidity from medical records. 

The studies had a mean quality assessment score of 4.5 out of 6 (Table 1). 

Comorbidity and 30-day mortality 

Supplemental Table 1 summarizes the eight cohort studies [36,43-49] on comorbidity and 30-day 

mortality after CRC surgery. Results showed that, compared to patients without comorbidity, 

those with mild and severe comorbidity had an increased risk of dying within 30 days of surgery. 

Two studies[45,47] similarly found a higher risk of mortality in mildly comorbid patients, but the 

association was not statistically significant. 

Figure 2 shows the results of meta-analysis of 3 studies using the CCI [46-48]. We found a 

higher 30-day mortality risk in CRC patients with CCI 1 (OR: 1.71; 95% CI: 1.26-2.31) and CCI 
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≥2 (OR: 2.62; 95% CI: 1.97-3.47) than those without comorbidity. There was a high degree of 

heterogeneity (I2=86%, pheterogeneity<0.01) in the results, but the funnel plot did not suggest any 

indication of publication bias (Supplemental Figure 1). In the sensitivity analysis, removal of one 

study on colon cancer patients[46] drastically reduced the observed heterogeneity (I2=0%, 

pheterogeneity=0.68). Meta-analysis of 2 studies that used ASA to assess comorbidity[46, 47] (data 

not shown) similarly showed an increased 30-day mortality risk in patients with ASA ≥III 

compared to those with ASA I-II (OR: 2.30; 95% CI: 2.00-2.65). Inclusion of one study on only 

rectal cancer patients, Stornes et al.[36], increased the heterogeneity (I2=82%) and the random 

effects point estimate was rather higher than the fixed effects estimate (HR: 3.62 vs. 2.39). 

Effect of comorbidity on overall mortality and disease-free survival 

Comorbidity in association with overall mortality risk was investigated in 23 cohort 

studies[10,11,19,28,29,35,37-39,42,50-62]. Regardless of the comorbidity indices and cut-offs 

used in these studies, severe comorbidity was significantly associated with an increased overall 

mortality in CRC patients (Supplemental Tables 2 & 3). Similarly, except in four 

studies[39,42,51,58], mildly comorbid patients showed poor overall survival. The magnitude of 

mortality risk associated with comorbidity, however, decreased steadily with CRC stage at 

diagnosis[28,29,54,59,61]. 

Meta-analysis of 5 studies[19,35,37,38,56], as shown in Figure 3, demonstrated that CRC 

patients with CCI 1-2 and CCI ≥3 had a, respectively, 41% (HR: 1.41; 95% CI: 1.23-1.62) and 

over 2 times (HR: 2.03; 95% CI: 1.76-2.34) higher mortality risk than those without comorbidity. 

There was a high degree of heterogeneity in the results (I2≥79, pheterogeneity<0.01). In the 

sensitivity analysis, removal of two studies, which evaluated comorbidities from discharge notes 
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and on recently diagnosed CRC patients[35,38], considerably reduced the observed 

heterogeneity: I2=0%, pheterogeneity=0.97and I2=0%, pheterogeneity=0.66 for CCI 1-2 and ≥3, 

respectively. The funnel plot indicated potential publication bias (Supplemental Figure 2A). 

Comorbidity and disease-free survival in CRC patients had been reported in three cohort 

studies[59,60,63]. Poor disease-free survival was observed in patients with comorbidity. 

However, in one study[63] which treated comorbidity score as a continuous variable, the 

association was not statistically significant (Supplemental Table 3). 

Comorbidity and CRC-specific mortality 

Ten cohort studies[19,28,29,35,40-42,53,59,64] reported comorbidity and CRC-specific 

mortality. Overall, the majority of the studies found a higher risk of dying from CRC in patients 

with severe comorbidity than those without comorbidity. Although an increased risk of CRC-

specific mortality was also found in mildly comorbid patients, the association could not reach 

statistical significance in the majority of the studies (Supplemental Tables 2 & 3). Figure 4 

shows the results of meta-analysis of 6 studies[28,29,35,40-42]. Compared to CRC patients 

without comorbidity, those with CCI 1 and CCI ≥2 had approximately 6% (HR: 1.06; 95% CI: 

1.02-1.10) and 14% (HR: 1.14; 95% CI: 1.04-1.23) increased risk of dying from CRC, 

respectively. The funnel plot indicated no publication bias (Supplemental Figure 2B). 
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Frailty and CRC prognosis 

Two cohort studies[12,13] examined frailty and overall mortality in CRC patients. Results 

indicated that, regardless of the frailty index used, compared to non-frail CRC patients, frail 

CRC patients had over 2.6 times increased mortality risk (HRrange: 2.67-3.39). The risk estimate 

of frailty assessed with the Comprehensive Geriatric Assessment (CGA; HR: 3.39) tool was, 

however, much higher than the risk estimates based on the Phenotypic Frailty (HR: 2.67) and 

Groningen Frailty Index (GFI; HR: 2.72; Supplemental Table 3). 
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Subgroup analyses of comorbidity and overall mortality  

Comorbidity assessment time 

Meta-analysis of studies according to comorbidity assessment time (Table 2) showed that 

regardless of the time comorbidity was determined (either before or after CRC diagnosis), both 

mild/moderate and severe comorbidity were associated with an increased overall mortality in 

CRC patients. Between-study heterogeneity was observed in the subgroup analysis. 

Cancer sub-site 

Although none of the studies on overall survival in our meta-analysis examined the effect of 

comorbidity in rectal cancer patients separately, significant associations were observed in studies 

focusing on colon cancer only[19,37,56]. Compared to colon cancer patients without 

comorbidity (Figure 3), those with CCI 1-2 (HR: 1.64; 95% CI: 1.50-1.78) and CCI ≥3 (HR: 

2.25; 95% CI: 2.07-2.45) had an increased overall mortality risk. The hazard ratios were, 

however, slightly higher than that of CRC patients.   

Geographical origin of the studies 

In Table 2, we observed similar patterns of statistically significant associations between 

comorbidity and overall mortality in CRC patients in all the geographical regions.  
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Discussion 

Our systematic review and meta-analysis showed both poor short- and long-term prognosis in 

CRC patients with frailty or comorbidity. Frail patients had a 2-3 fold higher overall mortality 

than non-frail patients. Similarly, CRC patients with mild and moderate/severe comorbidity 

showed a significantly higher risk of dying 30 days after surgery than those without comorbidity. 

In terms of long-term prognosis and compared to non-comorbid patients, moderately and 

severely comorbid patients had a 41% and 103% increased overall mortality, and 6% and 14% 

increased CRC-specific mortality risk, respectively. The effects of comorbidity on short- and 

long-term prognosis were particularly pronounced in severely comorbid patients.  

Overall, the studies had high quality scores but between-study heterogeneity was observed in 

some of the results because some studies included only colon cancer patients[19,37,56]. 

However, this might not have a significant effect on the overall estimates because the 

studies[19,56] had relatively small sample size. In the sensitivity analyses, where we included all 

comparable studies with quality assessment score of 3 or more (e.g. not restricted to those that 

adjusted for at least age and cancer stage) in the meta-analysis, the results were very similar to 

those reported (data not shown). However, it is important to mention that studies which reported 

comorbidity and CRC-specific mortality did not account for competing risk events (e.g. non-

CRC deaths), which might have led to an overestimation of cumulative incidence of CRC-

specific mortality. 

A number of articles have elucidated the concepts of frailty and comorbidity[5,65-68]. Both 

conditions are prevalent in older adults[4-6] and are strongly interrelated[65]. Previously, 

comorbidity was often considered to be a component of frailty; however, current concepts regard 
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comorbidity primarily as etiologic factor of frailty[65,67], while disability might be an outcome 

of frailty[66,67]. Since comorbidity and frailty might have independent effects on health 

outcomes, it might be appropriate to assess them separately[65]. 

A recent review on postoperative outcomes after CRC surgery has reported an increased 

mortality risk in frail compared to non-frail CRC patients[69]. In our review, we observed 

comparable associations, irrespective of the frailty assessment scale used. Although a definitive 

conclusion cannot be drawn from our review because of the limited number of available studies, 

a review of 20 cohort studies of cancer patients in general (e.g. not restricted to CRC patients)[7] 

found poor overall survival in frail patients as well. Importantly, we hypothesize that the 

magnitude of mortality risk in frail CRC patients may be dependent on the type of frailty 

assessment scale used. For instance, in one study[13], the mortality risk estimate differed 

substantially between scales – HRs: CGA 3.39 vs. frailty phenotypic 2.67. Future studies should 

consider comparing the predictive capacities of the frailty assessment scales on CRC prognosis 

in order to improve risk quantification and stratification of CRC patients.  

A previous review has reported an increased mortality risk in cancer patients with 

comorbidities[15]. Two meta-analyses[70,71] found increased overall and disease-specific 

mortality in CRC patients with diabetes. Correspondingly, our meta-analysis demonstrated that 

CRC patients with mild/moderate and severe comorbidities had an increased risk of 30-day 

mortality, as well as long-term overall and CRC-specific mortality. Nevertheless, evidence is 

lacking on whether the mortality risk in comorbid CRC patients could vary by cancer stage and 

site. For instance, we observed that the effects of comorbidity on overall mortality appeared to 

decrease with advancement in CRC stage[28,29,54,59,61,72].  A review[15] has similarly shown 

that, in aggressive cancers like lung cancer, comorbidity might have less impact on prognosis. 
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Since the survival rate in aggressive cancers and advanced cancer is generally poor, on a relative 

scale, the contribution of comorbidities to mortality may correspondingly be small[14,73]. Thus, 

it might be clinically relevant for future studies to provide stage- and site-specific analyses of the 

association between comorbidity and CRC prognosis. Future studies should also evaluate the 

effect of comorbidity on recurrence-free and disease-free survival, as one of the three studies in 

our review investigating the latter found a modest and non-significant association in colon cancer 

patients[63].  

Possible mechanisms through which comorbidities might affect CRC prognosis have been 

extensively explored. Although the association between comorbidity and CRC stage at diagnosis 

is not established[17,74], severe comorbidities like poorly controlled diabetes may obscure 

cancer signs, leading to late diagnosis[15,75]. Second, comorbidities could independently 

increase the risk of non-cancer deaths, in part, through side effects and toxicities associated with 

cancer treatments[16,67]. Third, despite the established benefits of chemotherapy[76], comorbid 

CRC patients, just like other cancer patients, are less likely to receive standard cancer treatments 

probably because of clinicians’ concerns about a potentially increased risk of side effects and 

toxicity and a subsequent poor risk-benefit ratio in these patients[15,18,19]. Comorbid patients 

might also have disabilities and other geriatric syndromes and worse post-operative outcomes, 

which could negatively impact their long-term prognosis. Some comorbid conditions could also 

interact with CRC to either accelerate its progression or increase mortality risk[20]. It is thus 

possible that comorbidity affects tumor biology, which would be extremely important for 

exploration by future studies. Mechanisms underlying the association between frailty and poor 

CRC prognosis have not been widely examined. Nonetheless, some studies have reported 

elevated C-reactive protein (CRP), Interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-α) 



 

19 
 

levels in frail adults, indicating a potential role of chronic inflammation[77,78]. High levels of 

CRP and IL6 have also been identified to be associated with increased mortality risk[79]. Thus, 

chronic inflammation evident in frail patients may compromise their immune system and further 

reduce their functional reserve for stress adaptation[66,78]. Frail cancer patients are also less 

likely to complete cancer treatments because of their low tolerance of side effects[7]. These 

factors may explain the high mortality risk observed in comorbid and frail CRC patients. 

Even though the effect of comorbidity on CRC-specific mortality seemed relatively modest (with 

pooled HRs of 1.06 and 1.14 for mild and severe comorbidities, respectively), strong 

associations were observed with overall mortality, suggesting that comorbidities mainly affect 

mortality due to causes other than CRC. The effect of comorbidity on overall mortality seems to 

be very strong and comparable in magnitude to the strong association of CRC stage, the currently 

by far most important factor mainly considered for treatment recommendations in CRC care 

guidelines[80]. Comprehensive geriatric assessment in CRC patients might not only help in early 

identification and comprehensive management of comorbidities and other geriatric syndromes, 

but also optimize clinical care by providing substantial information on patients who might be at 

increased risk of treatment-related toxicities. Future research should evaluate the prognostic 

value of comorbidities and frailty in the diagnosis and treatment of CRC patients. This will be 

particularly relevant, given the increasing population of elderly CRC patients in whom 

comorbidities and frailty are very common[9] but are often underrepresented in randomized trials 

on therapeutic interventions, making empirical evidence on the use of cancer treatment in this 

population very sparse[81,82]. 
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Strengths and limitations 

To our knowledge, this is the first meta-analysis to quantify the available epidemiological 

evidence on comorbidity and CRC prognosis. We extensively searched for eligible studies in 

relevant databases and adhered to the standards for conducting and reporting systematic reviews 

and meta-analyses[21,22]. Although we did not limit our search to specific languages, it is 

possible that some relevant studies were missed, especially those published in languages other 

than English or German. We included only studies which used standardized comorbidity indices 

to enable results to be compared. Studies that use comorbidity count have often included diverse 

comorbidities. 

Two reviewers thoroughly assessed the risk of bias independently in the included studies. 

Nevertheless, the covariates adjusted for in the meta-analyzed studies varied considerably, 

potentially leading to residual confounding. Systematic reviews and meta-analyses, just like ours, 

are generally prone to selective reporting and publication bias[83]; however, we iteratively 

assessed the risk of publication bias with funnel plots and found no significant indication of 

publication bias in most of our results, except in studies on comorbidity and overall mortality.  

We were able to quantitatively examine three CRC outcomes: thirty-day mortality, as well as 

long-term overall and CRC-specific mortality. It should, however, be duly acknowledged that the 

number of available studies, especially assessing frailty, was small for robust conclusions to be 

drawn. In addition, although many studies have investigated the effect of comorbidity on thirty-

day and overall mortality, we were only able to conduct meta-analysis on few studies because of 

differential comorbidity indices and cut-offs used. Nonetheless, the pattern of results in the 

remaining studies was similar to the meta-analyzed studies. Lastly, some of the studies assessed 
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comorbidities from administrative data (e.g. discharge notes and insurance claim forms), which 

are known to underestimate the prevalence of mild comorbidities[84,85]. This might have led to 

underestimation of effects. 

Conclusion 

This systematic review and meta-analysis has shown that frailty and comorbidity are associated 

with poor short- and long-term survival in CRC patients. More large and methodologically 

rigorous studies, especially on  comorbidity and frailty and CRC stage-specific prognosis and 

adjustment for key prognostic factors including at least age and stage, are strongly needed to fill 

the remaining knowledge gaps. Given the strong impact of comorbidity and frailty on CRC 

prognosis and with prognostic values for overall mortality being comparable in magnitude to the 

prognostic value of stage, comprehensive geriatric assessment in CRC patients, especially those 

aged 70 and over, would be clinically relevant. If and to what extent prognosis of CRC patients 

could be improved by systematic screening for and consideration of comorbidity and frailty in 

clinical care should be evaluated in future studies.  
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Figure 1: Flow diagram showing identification and selection of eligible studies 
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 Table 1: Characteristics of the studies on comorbidity and frailty and prognosis in CRC patients 

First author’s 

last name 

Year 

 

Country Cohort Exposure  

assessment time 

Recruitment Follow up Sample size Age (years) % of  

females 

Site/ 

stage 

Quality Assessment 

Length Median N Range Median RE EX FA FC OA AD   Score 

                

Comorbidity and 30-day mortality             
Longo[43] 2000 USA PCR   After diagnosis 1991-1995 30 days NR 5,043 19-100 68 2.0 CC    √ √ √  3 

Tekkis[44] 2003 UK/Ireland PCR  After diagnosis 1999-2001 30 days NR 4,491 <65 - >95 NR 41.8 CRC I-IV   √ √ √ √ 4 

Morris[48]                 2011 UK PCR   Before diagnosis 1998-2006 30 days NR 160,920 <50 - >80 NR 44.8 CRC I-IV √  √ √ √ √ 5 

Dekker[47]                 2012 NL PCR At CRC diagnosis 2006-2008 30 days NR 2,204 <65 - >85 70a 49.0 CRC I-III √  √ √ √ √ 5 

Askari[45]                      2015 UK HR After diagnosis 2004-2014 30 days NR 1,911 18-96 68  42.8 CRC I-IV  √ √ √ √ √ 5 

Bakker[46]                2016 NL PCR   After diagnosis 2009-2013 30 days NR 30,907 ≥75 NR 48.2 CC I-IV √ √ √ √ √ √ 6 

Murray[49]                 2016 USA HR   After diagnosis 2006-2012 30 days NR 59,986 NR NR 48.2 CRC √ √ √ √ √  5 

Stornes[36] 2016 Norway HR   After diagnosis 1994-2006 30 days NR 330 75-99 80.8a 43.9 RC I-IV  √ √ √ √ √ 5 

                    

Comorbidity and long-term prognosis                

Rabeneck[64]          2003 USA HR   At CRC diagnosis 1987-1998 14 years NR 46,044 <50 - ≥80 67.7a 1.5 CRC   √ √ √  3 

Rogers[62] 2003 USA HR At CRC diagnosis 1984-1994 16 years NR 949 ≥65 78.9a 73.7 CRC I-IV    √ √ √ √ 4 

Read[61] 2004 USA HR At CRC diagnosis 1995-2001 1 year NR 1,878 <65 - ≥75 NR 50.1 CRC   √  √ √ √ 4 

Hall[52]                      2005 Australia PCR  After diagnosis 1982-2001 20 years NR 14,587 >18 NR 45.8 CRC √ √ √ √ √  5 

Hines[53]  2009 USA HR   After diagnosis 1981-2002 27 years 58 months  496 ≥40 66.9a 54.6 CC I-IV  √ √ √ √  4 

Iversen[11]  2009 Denmark PCR  Before diagnosis 1995-2006 12 years NR RC: 5,220 

CC: 7,970 

NR NR RC:44.0 

CC:53.0 

RC 

CC 

√   √ √ √  4 

Sarfati[19] 2009 NZ PCR   At CRC diagnosis 1996-2003 9 years NR 589 ≥25 NR 48.2 CC I-IV √ √ √ √ √ √ 6 

Chiao[50]                 2010 USA HR At CRC diagnosis 1999-2006 8 years 35 months 470 NR 68 1.3 CRC I-IV    √ √ √ √ 4 

Kristjansson[55]      2010 Norway HR   After diagnosis 2006-2008 3 years 20 months 182 70-94 80 57.0 CRC I-IV  √ √ √ √  4 

Shack[40] 2010 UK PCR   Before diagnosis 1997-2004 1 year NR 29,563 15-99 NR NR CRC √    √ √  3 

Roxburgh[57] 2011 UK HR   After diagnosis 1997-2005 22 years 74 months 302 <65 - >75 NR 46.0 CRC I-III  √ √ √ √  4 

Gonsalves[51]  2012 USA PCR   After diagnosis 1995-2008 NR NR 2,625 <65 - >80 NR 1.9 CC IV       √ 1 

Kim[54]                      2013 S. Korea HR   After diagnosis 1994-2010 7 years NR 857 70-94 74 40.0 CC I-III   √ √ √ √ √ 5 

Medarde-

Ferrer[56] 

2013 Spain HR  After diagnosis 2003-2005 6 years NR 115 65-94 78a NR CC I-IV  √ √ √ √  4 

Ostenfeld[10]            2013 Denmark PCR   Before diagnosis 2000-2011 12 years NR RC: 2,964 

CC: 5,777 

NR RC: 69 

CC: 72 

RC:44.0 

CC:52.0 

RC 

CC 

√  √ √ √  4 

Sabel[63] 2013 USA HR   After diagnosis 2000-2010 NR 34 months 302 26-94 67.9a 48.0 CC I-IV  √ √ √ √  4 

Marventano[42]         2014 Italy HR   After diagnosis 2000-2010 11 years  NR  468 NR 66.1a 40.4 CRC I-III  √  √ √  √ 4 

Tong[41] 2014 USA PCR   Before diagnosis 1992-2009 17 years NR 69,718 ≥66 NR 56.1 CRC I-IV √   √ √ √ √ 5 

Parakh[39]              2015 Australia HR   At CRC diagnosis 2009-2014 5 years 26 months 821 ≥65 76 41.0 CRC IV √ √ √ √ √ √ 6 
Wu[58] 2015 Taiwan PCR   Before diagnosis 2007-2011 5 years NR RC: 2,413 

CC: 3,230 

≥40 60a RC:39.0 

CC:47.0 

RC 

CC 

√   √ √ √  4 

Elliot[60] 2016 Sweden PCR Before diagnosis 2000-2010 11 years 64 months 2,300 <65 - ≥80 NR 40.6 RC I-III √  √ √ √ √ 5 
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Table 1 continued: Characteristics of the studies on comorbidity and frailty and prognosis in CRC patients 

First author’s 

last name 

Year 

 

Country Cohort Exposure  

assessment 

Recruitment Follow up Sample size Age (years) % of  

females 

Site/ 

stage 

Quality Assessment 

Length Median N Range Median RE EX FA FC OA AD   Score 

                    

Booth[28] 2016 Canada PCR Before diagnosis 2002-2008 8 years NR 2,650 ≥20 70 48.0 CC III √  √ √ √ √ 5 

Booth[29] 2017 Canada PCR Before diagnosis 2002-2008 8 years NR 2,440 ≥20 73 49.0 CC II √  √ √ √ √ 5 

Brungs[37] 2017 Australia PCR Before diagnosis 2006-2013 9 years 46 months 9509 ≤60 ->80 NR 48.0 CC I-III √  √ √ √ √ 5 

Nayak[38]                  2017 USA PCR   Before diagnosis 2001-2010 10 years NR 31,103 ≥65 76a NR CRC I-IV √   √ √ √  4 

Parés-Badell[35] 2017 Spain HR At CRC diagnosis 2000-2014 15 years NR 2,670 ≤40 -≥80 71a 40.6 CRC I-IV √  √ √ √ √ 5 

Yamano[59] 2017 Japan PCR After diagnosis 2004-2006 NR NR 4,598 ≤64 -≥75 NR 40.0 CRC I-III √     √ 2 

                    

Frailty and CRC prognosis              

Kristjansson[13] 2012 Norway HR   After diagnosis 2006-2008 3 years 20 months 176 70-94 80 57.0 CRC I-IV  √ √ √ √  4 

Aaldriks[12] 2013 NL HR  After diagnosis 2004-2010 5 years 15 months 143 70-92 75a 41.0 CRC  √ √ √ √  4 

USA, United States of America; UK, United Kingdom; NL, The Netherlands; NZ, New Zealand; S. Korea, South Korea 

PCR, Population-based cancer/health registries; HR, Hospital-based registries; CRC, Colorectal cancer; NR, Not reported; aMean age; CC, Colon cancer; RC, Rectal cancer 

RE, Representative sample and generalizability of results; EX, Reliable exposure assessment; FA, Adequate follow-up; FC, Complete follow-up; OA, Accurate ascertainment of outcome; AD, Adjustment for or control of at least age, sex 

and cancer stage. 



 

 
 

 

Confidence intervals may slightly differ from the original data because they were calculated indirectly 

Figure 2: Comorbidity and 30-day mortality in colorectal cancer patients 

 

 

 

 

  



 

 
 

 

*Total sample size 

Confidence intervals may slightly differ from the original data because they were calculated indirectly 

Figure 3: Comorbidity and overall mortality in colorectal and colon cancer patients 

 



 

 
 

 

Confidence intervals may slightly differ from the original data because they were calculated indirectly 

Figure 4: Comorbidity and colorectal cancer-specific mortality  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

Table 2: Comorbidity and overall mortality in CRC patients, stratified by comorbidity 

assessment time and geographical origin of the studies 

Variable n HR (95% CI) I
2 

pheterogeneity
 

Comorbidity assessment time 

CCI 1-2      
     Before CRC diagnosis[37,38] 2 1.48 (1.22-1.79) 94% <0.01 

     After CRC diagnosis[19,35,56] 3 1.38 (1.03-1.85) 73%   0.02 
CCI ≥ 3     
     Before CRC diagnosis[37,38] 2 2.14 (2.03-2.26) 30%   0.23 
     After CRC diagnosis[19,35,56] 3 2.01 (1.23-3.29) 81% <0.01 
     
Geographical origin of the studies 

CCI 1-2     

     Europe     
        CRC[35,56] 2 1.15 (1.03-1.30) 54%   0.14 
        Colon cancer[56] 1 1.70 (1.00-2.89) -- -- 
     North America     
        CRC[38] 1 1.35 (1.32-1.38) -- -- 
     Australia and New Zealand   
        CRC / Colon cancer[19,37] 2 1.64 (1.50-1.78) 0%   0.86 

CCI ≥ 3     
     Europe     
        CRC[35,56] 2 1.47 (1.21-1.78) 67%   0.08 
        Colon cancer[56] 1 2.50 (1.33-4.70) --   -- 
     North America     
        CRC[38] 1 2.10 (2.01-2.20) -- -- 
     Australia and New Zealand   
        CRC / Colon cancer[19,37] 2 2.25 (2.07-2.45) 0%   0.39 

CRC, Colorectal cancer; CCI, Charlson Comorbidity Index score; n, Number of studies; HR, Hazard ratio; CI, Confidence interval 

 

 


