
Introduction

The metabolic syndrome (MetSyn) is characterized by a 
clustering of medical conditions related to cardiovascular 
diseases and diabetes mellitus type 2, including central obe-
sity, hypertension, dyslipidemia, hyperglycemia and insulin 
resistance as well as other conditions such as proinflamma-
tory state and prothrombotic state [1-3]. Studies indicate that 
prolonged chronic stress, sedentary lifestyle, lipodystrophy, 
and unbalanced diets may confer an increased risk of MetSyn 
[1,3]. Some of these factors were also reported to be related to 
the colorectal carcinogenesis [4]. 

Recently, there is cumulating evidence that MetSyn with its 
hormonal and systemic effects could increase the susceptibil-
ity to various cancers [5-11]. Epidemiological studies show 

association of MetSyn and/or its components with elevated 
risk of cancer including colorectal cancer (CRC) [2,6,9,12,13], 
which is ranked as the third most common neoplasms and 
the fourth most deadly malignancy in the world according to 
GLOBOCAN [14-16]. Biological mechanism underlying this 
association had been explained as a number of ways such as 
the growth hormone deregulation, cellular crosstalk, and vas-
cular integrity factors [11,17-19].

To our knowledge, the effect of multi-morbidities of MetSyn 
on the prognosis of CRC patients has rarely been performed. 
In this study, we aimed to examine whether the mortality of 
CRC patients was impacted by co-diagnosis of MetSyn, with 
particular interests in exploring the single and collaborative 
effects of MetSyn components on death risk of CRC patients 
by sex. This will be able to aid in identifying individuals at 
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to 1.90) and overall mortality (HR, 1.43; 95% CI, 1.09 to 1.84) compared to reference cohort after multiple adjustment. Stratified 
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the number of MetSyn components was observed to be significantly related to CRC prognosis.  
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risk and provide thoughts for clinical management and treat-
ment. 

Materials and Methods
 
1. Study population

This retrospective cohort study was conducted in five  
independent tertiary hospitals in China: Beijing Chao-Yang 
Hospital, Sichuan Cancer Institute/Hospital, the Affiliated 
Suzhou Science and Technology Town Hospital of Nanjing 
Medical University, the First Affiliated Hospital of Soochow 
University, and Harrison International Peace Hospital. We 
retrospectively reviewed the electronic medical records 
(EMR) of patients whose first diagnosis of cancer was CRC 
(International Classification of Diseases-10 [ICD-10] code 
C18-C20) from January 31, 2006 to December 31, 2011. All 
CRC cases were histologically confirmed and staging was 
assessed. Only participants aged between 35 and 79 was  
finally included. Patients co-diagnosed with any other can-
cers (ICD10: C00-C97 exclusive of C18-C20) and/or other 
severe diseases than MetSyn were excluded: (1) severe car-
diovascular disease (acutemyocardial infarction [ICD10: 
I21], heart failure [ICD10: I50]) and severe cerebrovascular 
diseases (ICD10: I60-I69) for their weakness; (2) dementia 

and severe mental disorders for not being able to provide the 
accurate answers when questionnaire were administered for 
their impaired memory (Fig. 1).

2. MetSyn CRC cohort
Any CRC patients with co-diagnosis of MetSyn from 24 

months before CRC diagnosis to 1 month after CRC diagno-
sis (presurgery) were identified and included in MetSyn CRC 
cohort. Based on the International Diabetes Federation (IDF) 
criteria and the criteria from the American Heart Asociation, 
definition of MetSyn was adapted to our data as the pres-
ence of abodominal obesity, supplemented by at least two 
of the following: clinical diagnosis of hypercholesterolaemia,  
hypertension and diabetes mellitus type 2. Abodominal obe-
sity (central obesity) was defined as waist circumstance: ≥ 90 
cm for men and ≥ 80 cm for women around 2 years before 
CRC diagnosis. 

3. Reference CRC cohort and propensity score matching 
Reference cohort was composed of CRC patients with no 

diagnosis of MetSyn. In order to mitigate the selection bias 
caused by co-diagnosis of MetSyn, multiple logistic regres-
sion analyses were used to control for the remaining imbal-
ance due to the confounding difference between MetSyn 
CRC cohort and reference cohort by performing propensity 

Fig. 1.  Flow diagram of study participants. CRC, colorectal cancer; MetSyn, metabolic syndrome; PSM, propensity score matching. 

Incident CRC cases aged 35-79 years diagnosed
between 2006 and 2011 (n=11,974)

MetSyn CRC cohort
Co-diagnosis with Metsyn from 24
months before CRC diagnosis to 

1 month after (n=682) 

Reference CRC cohort
Selected from the same hospital at the
same period and matched to the cases

by PSM at a ratio of 2:1 (n=1,364) 

Ending point of follow-up
CRC death (n=245)/overall death (n=402),

censored, or the end of 2016,
whichever comes first

Ending point of follow-up
CRC death (n=339)/overall death (n=586),

censored, or the end of 2016,
whichever comes first

Exclusion of patients co-diagnosed with 
any other cancers and/or other severe 

diseases than MetSyn (n=2,031)Exclusion of 
(I) CRC cases who cannot be matched as

reference CRC cohort and
(II) Surplus CRC cases after 2:1 matching

according to PSM (n=7,897) 
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score matching. Controls were first selected from the same 
hospital as the case was diagnosed during the same period 
for all five hospitals and further matched to the cases at a 
ratio of 2:1. Based on a multiple conditional logistic regres-
sion model including covariates age, sex, year at diagnosis, 
education achievement, stage at diagnosis, and site of CRC, 
the propensity score that was the probability of MetSyn of an 
individual conditional on a serial of observed demographic 

and clinical characteristics was calculated and we selected to 
use nearest neighbor propensity scores matching. Reference 
cohort was matched to cases with the minimum difference in 
propensity score.

4. Data collection and interview
1) Sources of data
Causes of death have been accessed by using the following 

Cancer Res Treat. 2021;53(3):714-723

Table 1.  Characteristics of MetSyn CRC cohort and reference CRC cohort by propensity score matched controls  

Characteristic MetSyn CRC cohort Reference CRC cohort p-value

Total 682 (100) 1,364 (100)
Demographic and clinicopathological characterristics    
    Age at CRC diagnosis (yr)    
        < 50 81 (11.9) 199 (14.6) 0.264
        50-59 190 (27.9) 344 (25.2) 
        60-69 294 (43.1) 604 (44.3) 
        ≥ 70 117 (17.1) 217 (15.9) 
        Median age (yr) 59 ( 60 ( 
    Sex    
        Men 361 (52.9) 771 (56.5) 0.142
        Women 321 (47.1) 593 (43.5) 
    Year at diagnosis    
        2006-2007 216 (31.6) 463 (33.9) 0.581
        2008-2009 228 (33.5) 436 (32.0) 
        2010-2011 238 (34.9) 465 (34.1) 
    Highest education achievement     
        Compulsory school 276 (40.5) 577 (42.3) 0.392
        Secondary school 298 (43.7) 602 (44.1)  
        University and above  108 (15.8) 185 (13.6) 
    Stage at diagnosis    
        Ⅰ 93 (13.6) 153 (11.2) 0.313
        Ⅱ 245 (35.9) 477 (35.0) 
        Ⅲ 213 (31.3) 442 (32.4) 
        Ⅳ 131 (19.2) 292 (21.4) 
    Site of colorectal cancer    
        Colon 369 (54.1) 735 (53.9) 0.887
        Rectum 313 (45.9) 629 (46.1) 
Treatment information    
    Neo-adjuvant chemotherapy    
        Yes 236 (34.6) 503 (36.9) 0.313
        No 446 (65.4) 861 (62.1) 
    Radiotherapy    
        Yes 545 (79.9) 1,062 (77.9) 0.286
        No 137 (20.1) 302 (22.1) 
    Immunotherapy    
        Yes 104 (15.3) 176 (12.9) 0.146
        No 578 (84.7) 1,188 (87.1) 
 Values are presented as number (%). The propensity score was constructed for each participants according to the following covariates: age, 
sex, year at diagnosis, education achievement, stage at diagnosis, and site of colorectal cancer. CRC, colorectal cancer; MetSyn, metabolic 
syndrome.  
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ways in combination: cause of death reporting system from 
Centre for Disease Control and Prevention (CDC) in each 
region; EMR system in hospitals; death certificate; maternal 
and child surveillance system; cancer registry data. Informa-
tion of patients that was still unavailable by combining ways 
above was collected by phone interview and these patient 
comprised less than 5% of all. 

In addition, demographic and clinical characteristics were 
collected by a combined retrieval of medical records and oth-
er above-mentioned data sources, supplemented by a survey 
using a structured questionnaire. The questionnaires were 
administered by trained interviewers. A pre-designed and 
validated questionnaire was used to collect information on 
related factors. Body weight at various stages were collected 
by questionnaire for time of diagnosis of CRC, 2 years before 
CRC diagnosis and 7 years before CRC diagnosis. 

2) Study outcomes
We identified all CRC patients who died during January 

2006 to December 2016 to make sure that each participants in 
the entire cohorts had at least five years of follow-up. Prima-
ry outcome was defined as death due to CRC (ICD-10 code 
C18-C20) and the secondary outcome was death from all the 
causes (ICD-10 code A00-Z99).

 
5. Statistical analyses

The Kaplan-Meier (K-M) model was used to calculate the 
probability of CRC-specific survival (CSS) and the probabil-
ity of overall survival (OS) as a function of time. The differ-
ences between the K-M curves were tested for significance 
by the log-rank test. Cox PH regression was used to estimate 
hazard ratios (HR) and its 95% confidence interval (CI) for 
CRC mortality and overall mortality, controlling for poten-
tial confounding mainly from the selected demographic and 
clinical characteristics. Covariates adjusted in the model 
included: sex, age at diagnosis of CRC, year at diagnosis of 
CRC, highest education achievement, stage of CRC (I to IV), 
site of CRC, research centres. Both the MetSyn cohort and the 
reference cohort were followed from the date of CRC diagno-
sis until the earliest death, loss of follow-up, or the end of the 
study (December 31, 2016), whichever comes first. In addi-
tion, we used receiver operating characteristics (ROC) curve 
to predict the most dominant MetSyn morbidity in CRC  
patients, by comparing the higher area under the curves 
(AUC) for individual component and also different combi-
nations of the MetSyn.

The K-M survival curves were drawn using the MedCalc 
software (MedCalc Software bvba, Ostend, Flanders, Bel-
gium). All other analyses were performed using the SAS 
statistical package ver. 9.3 (SAS Institute Inc., Cary, NC). All 
p-values were based on two-sided tests, with the statistical 

significance level set to 0.05. 

Results

In this study, MetSyn cohort composed of 682 CRC pati-
ents with co-diagnosis of MetSyn were identified from five 
tertiary hospitals during July 2006 through December 2011 
and matched to the comparison cohort by propensity score 
matching at a ratio of 1:2. Table 1 shows the main demo-
graphic and clinical characteristics as well as treatment  
information for both MetSyn CRC cohort and reference CRC  
cohort. CRC were relatively more likely to be observed 
among men, those with no university education, and at the 
age of 60-69 as well as at the middle staging and at the site 
of colon. In general, patients in MetSyn cohort was propor-
tionate to those in reference cohort according to categories 
of main covariates (p > 0.05). At the end of the follow-up, 
number of CRC patients who underwent radical resection 
were 559 (82%) and 1,146 (84%) among MetSyn and refer-
ence cohort, respectively. Patients with first diagnosis of dia-
betes, hypertension, hypercholesterolaemia, and overweight  
accounted for 23%, 30%, 26%, and 21% among MetSyn  
cohorts, respectively. Meanwhile, patients with 1, 2, and over 
3 components of MetSyn were 437, 211, and 34. 

After a mean of 7 years and 4,706 accumulated person-
years of follow-up, we totally observed 402 deaths in the 
MetSyn cohort, among which 245 died of CRC diagnosis. 
Comparatively, there were a mean of 7.5 years and 10,094 
person-years accumulated during the follow-up for the refer-
ence cohort. The overall mortality rate was 8.96 per 1,000 per-
son-years in the MetSyn cohort compared to 6.10 per 1,000 
person-years in the comparison cohort, and the CRC mortal-
ity rate was 5.47 per 1,000 person-years in the MetSyn cohort 
compared to 3.52 per 1,000 person-years in the comparison 
cohort (Table 2). Consequently, co-diagnosis with MetSyn 
for CRC patients was associated with an elevated HR of 1.49 
(95% CI, 1.07 to 1.90) for CRC death and 1.43 (95% CI, 1.09 
to 1.84) for overall death. K-M survival curves based on the 
MetSyn  groups were performed for CRC survival (Fig. 2A) 
and OS (Fig. 2B).

The association was further stratified by age at diagnosis of 
CRC, sex, site of diagnosis, and staging of cancer. The incre-
ment of mortality risk was observed to be more prominent 
among women, cancer diagnosed in colon, and those in stage 
III and IV. Some of the insignificant results could be partially 
due to the reduced number of cases due to stratification. 

As shown in Table 3, we accessed how the component/
number of MetSyn multi-morbidities impact the mortality 
risk of CRC patients. Although the number of CRC patients 
reduced due to the stratified analyses, we still observed a se-



ries of significant mortality risk elevation. Sex played a mark-
edly modifying effect on this observed association, that is, 
increment of CRC mortality for hypertension (HR, 1.63; 95% 
CI, 1.15 to 2.20) and hypercholesterolaemia (HR, 1.40; 95% 
CI, 1.19 to 1.88) in women versus diabetes (HR, 1.42; 95% CI, 
1.01 to 2.25) in men with regard to CRC-specific mortality. 
The significant impact of overweight on the CRC mortality 
was not observed for both sexes in this study. Notably, we 
observed that number of MetSyn components was associ-
ated with mortality for both sex (p < 0.01): the more number 
of MetSyn components, the higher mortality risk from both 
CRC death and all causes of deaths. 

The predictive ability for cause-specific survival and OS 
of CRC cases of MetSyn components and their combinations 
using ROC curves were assessed by comparing the differ-
ence of AUC. A moderate predictive ability were observed 
with AUCs ranging from above 55% to below 68%. As for 
the specific component of MetSyn, the highest AUC was  
observed for hypercholesterolaemia (64% for CRC death, 
61% for overall death) and the lowest AUC was noted for 
overweight (55% for CRC death, 57% for overall death). Si-
multaneously, the relatively higher predictive ability of death 
risk occurred among CRC patients with any 2 combinations 
(63%-68%) than others.

Discussion

In this multicentre retrospective cohort study, we totally 
identified 682 CRC patients with diagnosis of MetSyn and 
our findings demonstrated a 49% increment in CRC-specific 
mortality and a 43% increment in overall mortality compar-
ing MetSyn CRC cohort with reference CRC cohort after pro-
pensity score matching. Further, elevation of mortality risk 

was observed to be more prominent among women, patients 
with cancer in the site of colon and those diagnosed at later 
stage. Although mortality risk of CRC patients varied by 
components of MetSyn and sex, we consistently observed 
that the more MetSyn components were co-diagnosed with 
CRC patients, the higher mortality risk was.

Our findings that death risk for CRC patients with mul-
tiple diagnoses of MetSyn components was always higher 
than those with single component showed that MetSyn 
should be treated as an integrated medical condition rather 
than its parts as for its impact on CRC prognosis. Obser-
vational studies found that male could be a risk factor for 
increased CRC risk. However, our study observed that  
female was associated with unfavorable CRC prognosis. 
More recently, MetSyn has been correlated with a number 
of cancers [9,12,20-22]. Epidemiological studies reported 
that there could be sex-based discrepancy for the associa-
tion of MetSyn with common cancer such as CRC [10]. To 
our knowledge, the biological mechanisms underlying the  
female unfavorable prognosis among MetSyn CRC patients 
remain still unclear. Biological links between MetSyn and 
cancer risk had been involved as many as factors and signal-
ing pathways described in deregulation of cytokine produc-
tion, chronic inflammatory state, insulin-like growth factor 
system, and hormones and proinflammatory cytokines, 
among which hormone-related factors and signaling path-
ways were thought to be partially interpreted the high mor-
tality risk observed among female CRC patients co-diag-
nosed with MetSyn [11].

The present study has a number of strengths. First, co-dia-
gnosis of MetSyn with CRC during a 2-year period is rela-
tively uncommon. Multicentre design with propensity score 
design increased sample size to acquire a better power and 
reduce the potential bias by better balancing the baseline 
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Fig. 2.  (A) Probability of cause-specific survival of colorectal cancer (CRC) patients co-diagnosed with metabolic syndrome (MetSyn) in 
comparison with CRC patients without MetSyn diagnosis. (B) Probability of overall survival of CRC patients co-diagnosed with MetSyn 
in comparison with CRC patients without MetSyn diagnosis.
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characteristics between MetSyn CRC cohort and comparison 
CRC cohort. Second, definition of MetSyn was adapted to 
our study by combining several international criteria and 
the emphasis was put on the mechanism of colorectal car-
cinogenesis. Third, the follow-up for any study subjects was 
at least 5-year, which makes sure most of the mortality was 
observed during the study. In addition, multiple sources of 
outcome acquirement ensured the completeness of the data. 
However, limitations do exist for this study. One could be 
that lack of covariate information at individual level such 
as medications hindered the related analyses. However, the 
multiple matching could minimize the discrepancy from the 
major covariates. Additionally, central abodominal obesity is 
the necessary criteria to be included into the MetSyn cohort 
in our study and development of CRC could cause weight 
loss. While we did not find weight differences between  
cohorts at time of diagnosis of CRC, 2 years before CRC  
diagnosis and 7 years before CRC diagnosis (p > 0.05). Also, 
there is no internationally agreed definition for the MetSyn 
so far. In the present study, we adopted from both the IDF 
criteria and the criteria from the American Heart Asocia-
tion as a working definition to better service our study pur-
pose. However there are more MetSyn components could 
be included according to other criteria such as the  National 
Cholesterol Education Program Adult Treatment Panel III 
(NCEP-ATPIII), Blood and Lung Institute (AHA/NHBLI) or 
the WHO criterion [23]. The absence of other MetSyn com-
ponents for example proinflammatory and prothrombotic 
states impeded to explore their impacts on CRC prognosis.

So far, there are a number of studies having examined the 
association of MetSyn with risk of CRC [2,9,12,13]. Claudio et 
al. [2] investigated the association of CRC risk with MetSyn 
components in Italy and Switzerland based on a multicen-
tre case-control design. They found significant association  
between CRC risk and previous diagnosis of hypertension 
(OR, 1.24; 95% CI, 1.03 to 1.48) or hypercholesterolemia (OR, 
1.26; 95% CI, 1.08 to 1.48) for men while significant associa-
tion was not observed for women. Hypertension had been  
reported to be related to DNA repair synthesis and carcino-
gen uptake [24]. We could not find other previous studies 
specifically designed for investigating the biological mecha-
nism of hypertension in CRC prognosis and plausible bio-
logical mechanism need to investigate in the future study. 
Recently, one study had indicated that hypercholesterolemia 
increased CRC incidence by reducing production of NKT 
and γδ T cells from hematopoietic stem cells, which may 
partially interpret the unfavorable survival of CRC patients 
with co-diagnosis of hypercholesterolaemia [25]. Associa-
tion with prognosis was not performed in this study. An-
other study [13] aimed to assess the risk of CRC with type 2 
diabetes based on a matched cohort design at a ratio of 1:1. 

Authors observed that type 2 diabetes associated with 1.3 
times of CRC risk increment (HR, 1.26; 95% CI, 1.18 to 1.33). 
Longer duration of obesity was associated with CRC risk. In 
Me-Can (Metabolic Syndrome and Cancer) project [12], au-
thors found increased CRC risk in men (HR, 1.25; 95% CI, 
1.18 to 1.32) and in women (HR, 1.14; 95% CI, 1.06 to 1.22) 
with diagnosis of MetSyn after a mean follow-up of 12 years 
among 580,000 men and women. Furthermore, significant 
association was observed for body mass index (BMI; rela-
tive risk [RR], 1.07; 95% CI, 1.02 to 1.13), blood pressure (RR, 
1.10; 95% CI, 1.02 to 1.18) and triglycerides (RR, 1.17; 95% CI, 
1.06 to 1.28) in men as well as for BMI (RR, 1.08; 95% CI, 1.01 
to 1.15) in women. Combination of metabolic factors was  
related to a higher risk of CRC.

Yet, there were few data on the association of prognosis 
of CRC and MetSyn so far. A hospital-based retrospective  
cohort conducted in Kaiser Permanente in United States [26] 
had investigated the impact of MetSyn and obesity on sur-
vival among CRC patients diagnosed at early stage. They 
found that obese patients with MetSyn had been related to 
both a worse OS (HR, 1.45; 95% CI, 1.12 to 1.82) and a worse 
CSS (HR, 1.49; 95% CI, 1.09 to 2.02) compared to non-obese 
patients without MetSyn. Obesity or MetSyn alone, however, 
did not decrease survival rate. A study conducted in China 
[27] which aimed to investigate the effect of preoperative 
MetSyn on CRC mortality for patients after a radical resec-
tion observed a significant shorter survival time for CRC pati- 
ents with MetSyn compared to those with no MetSyn (50.9 
months vs. 170.3 months, p < 0.01) after a median follow-
up of 58.6 months, particularly for patients with diagnosis 
of hyperglycemia (44.4 months vs. 170.3 months, p < 0.01). 
The magnitude of the association was more prominent for 
CRC patients diagnosed at stage I/II (HR, 3.94; 95% CI, 2.65 
to 5.85) and invasion depth T1/T2 (HR, 5.41; 95% CI, 2.54 to 
11.50).

Although the elevated CRC risk was more prominent 
among men than women, increased mortality risk for CRC 
patients was more eminent among women in our study.  
The unfavorable prognosis noted among colon cancer, not 
rectum, may reflect the later diagnosis of colon cancer than 
rectum cancer since the clinical symptom of rectum cancer 
usually urge the patients to look for clinical counselling.  
Inconsistent results between studies could be caused by a 
number of reasons. First, variation of MetSyn definitions 
could hinder the direct comparability of the results to some 
extents, whereas the impacts of specific MetSyn component 
on the CRC mortality were basically consistent in different 
studies. We, here, combined the definition from both IDF cri-
teria [3] and ATPIII from The American Heart Association [1] 
to better adapt the data to the shared metabolic basis of Met-
Syn and CRC proposed. Second, hospital-based cohort study 
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