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Abstract
Background Metabolic syndrome (MetS) is a worldwide pandemic and complex disorder associated with colorectal 
cancer (CRC). This study aims to identify the influence of number of MetS components on CRC incidence and 
mortality, using a national, longitudinal dataset of hospital care in Taiwan.

Methods Patient data from the Taiwan National Health Insurance Research Database (NHIRD) from 2001 to 2008 
were extracted. Individuals with at least one inpatient diagnosis or 2 outpatient visits with any MetS component 
found within one year were identified and included. Subjects died within 12 months after the presence of MetS 
components or had any prior cancer were excluded. The study cohort were then divided into two groups: subjects 
who had more (i.e., 3 to 4) MetS components and those who had fewer (i.e., 1 to 2) MetS components. An 2:1 
propensity score (PS) matching were performed to balance the baseline characteristics between the groups. Cox 
regression analyses were conducted to compare the CRC incidence and all-cause mortality at follow-up between 
subjects with more MetS components versus fewer components.

Results After matching, a total of 119,843 subjects (78,274 with 1–2 and 41,569 with 3–4 MetS components) were 
analyzed. After adjusting for confounders, subjects with 3–4 MetS components had a significantly higher risk of CRC 
[adjusted hazard ratio (aHR), 1.28; 95% confidence interval (CI), 1.15–1.43, p < 0.001) and all-cause mortality (aHR, 1.13; 
95% CI, 1.08–1.17, p < 0.001) than those with only 1–2 MetS components. In stratified analyses, the greatest increased 
risk of CRC incidence that 3–4 MetS components posed as compared to 1–2 MetS components was seen in subjects 
without CHD history (aHR, 1.41, 95% CI, 1.23–1.62, p < 0.001). In addition, 3–4 MetS components (vs. 1–2) led to greater 
all-cause mortality among the subjects < 65y, both genders, with or without CHD, subjects without CKD hisotry, both 
aspirin users and non-users, users of nonsteroidal anti-inflammatory drugs (NSAIDs), and users of statin.
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Background
Metabolic syndrome (MetS) is a worldwide pandemic and 
complex disorder, defined as a combination of intercon-
nected factors which caused metabolic, anthropometric, 
and hemodynamic abnormalities [1, 2]. It is directly asso-
ciated with the risks for coronary heart disease (CHD), 
cardiovascular diseases (CVD), and type 2 diabetes mel-
litus (T2DM) [2, 3]. The global prevalence of MetS is still 
rising now, with an increasing trend observed in children 
and young adults specifically, posing a significant public 
health burden [4–6]. Importantly, according to the medi-
cal literature to date, MetS has been linked to the devel-
opment of certain cancers and cancer-associated deaths 
[1, 7, 8].

Notably, colorectal cancer (CRC) is one of the MetS-
associated cancers [9, 10]. The global burden of CRC was 
expected to increase by 60% by 2030, including not only 
larger case number but also more deaths [9]. Lifestyle fac-
tors, such as poor dietary habits (low fruit and vegetables 
consumption and high intake of red/processed meats), 
sedentary behavior, or cigarette smoking are indicated to 
be responsible for the uprising trend of CRC [11–14].

Although some evidence suggested MetS is a risk factor 
for CRC and subsequent death thereof [1, 4, 8, 15–18], 
other researchers were not sure about the precise role of 
MetS on CRC development [19, 20]. Further, although an 
individual who met the criteria of MetS were at greater 
risk of CRC, no comparison has been performed on the 
risk of CRC between subjects with 3 to 4 MetS compo-
nents versus those who had only 1 to 2 MetS compo-
nents. Given the burden of both MetS and CRC pose 
to the society and the healthcare system, it is of special 
importance to gain in-depth understanding about the 
role of MetS on CRC risk in view of number of MetS 
components.

Following the context, therefore, the present study 
aimed to compare the incidence of CRC and mortality 
between individuals with 3 to 4 MetS components and 
1 to 2 components, using a large national, longitudinal 
dataset of hospital care. We hypothesized that subjects 
with 3 to 4 MetS components have a significantly greater 
CRC incidence and higher all-cause mortality than those 
who had 1 to 2 MetS components only.

Methods
Data source
Subjects’ data were all extracted from the National 
Health Insurance Research Database (NHIRD), a part of 
the National Health Insurance (NHI) system of Taiwan. 
The NHI system of Taiwan is a nationwide insurance sys-
tem established in 1995 which covers 99% of 23.74 mil-
lion people in Taiwan [21]. Based on claim data, NHIRD 
collects both outpatient and inpatient information which 
begins at the year 2000 [21]. In particular, NHIRD con-
tains healthcare information of individuals during hos-
pital admissions, outpatient visits, including diagnoses, 
orders and procedures performed. Diagnoses are coded 
through the International Classification of Diseases, 9th 
Revision of Clinical Modification (ICD-9-CM) system.

The present study was approved by the Research Ethics 
Review Committee of the Chang Gung Memorial Hospi-
tal. Requirement for informed consent was waived due 
to all information in this dataset were anonymized and 
de-identified.

Study population
In the present study, data of subjects aged at and above 
40 years and with new presence of any MetS from 2001 to 
2008 in the NHIRD were retrieved, and were lagged for 
one year. The inclusion criteria were: 1) at least one inpa-
tient or two outpatient diagnoses with any components of 
MetS found within one year. The lag time design (i.e., the 
index date was defined as 1 year after the last component 
of MetS was diagnosed) was imposed to account for the 
latency period in CRC development. The exclusion crite-
ria were: (1) subjects who died within 12 months after the 
presence of MetS components; (2) subjects who had been 
diagnosed with any cancers (ICD-9-CM: 140–239) before 
the presence of MetS components.

The selected cohort was then divided into two com-
parison groups: subjects with 3–4 MetS components and 
subjects with only 1–2 MetS components. A 2:1 propen-
sity score (PS) matching was performed to balance the 
baseline characteristics between the two groups. Multi-
variable logistic regression was adjusted for the following 
relevant covariates; age, sex, index year, smoking, alcohol 
drinking, comorbidities, renal transplantation, and medi-
cations prescribed. Figure 1 shows the selection process 
of the study population.

Conclusion Compared with 1–2 components, subjects with 3–4 MetS components are at greater risk of CRC and 
death at follow-up. This study also demonstrates the risks for CRC and all-cause mortality in certain subgroups of 
individuals with 3–4 MetS components compared to 1–2 components. These findings may help clinicians on the CRC 
risk stratification according to individuals’ characteristics, as well as to optimize the strategy of MetS surveillance and 
control in order to prevent CRC.
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Study variables
Definition of metabolic syndrome (MetS)
According to the National Cholesterol Education 

Program Adult Treatment Panel III, the MetS status was 
defined based on the presence of any three or more of the 
following criteria:

Fig. 1 Flow chart of study selection process
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(1) Abdominal obesity, i.e., an elevated waist circumfer-
ence > 102 cm for men and > 88 cm for women. Since the 
NHIRD dataset lacks waist circumference measures, we 
utilized the diagnosis of obesity (i.e., a BMI ≥ 30  kg/m2; 
ICD-9-CM: 278.0) as a surrogate in accordance with a 
previous claim-based study [22].

(2) Elevated triglycerides (≥ 150  mg/dL), identified 
through usage of lipid-lowering drug, or a diagnosis of 
hyperlipidemia (ICD-9-CM: 272);

(3) Reduced high-density lipoprotein cholesterol 
(HDL-c) (i.e., < 40  mg/dL in men and < 50  mg/dL in 
women). We used the diagnosis of hyperlipidemia (ICD-
9-CM: 272) to surrogate this component.

(4) Elevated blood pressure (i.e., SBP ≥ 130 mmHg or 
DBP ≥ 85 mmHg), identified through usage of antihyper-
tensive medications or a diagnosis of hypertension (ICD-
9-CM: 401 or 405); and.

(5) Elevated fasting blood glucose (i.e., ≥ 100  mg/dL), 
identified through usage of antidiabetic medications or a 
diagnosis of diabetes mellitus (DM) (ICD-9-CM: 250).

Study endopoints
The primary endpoint was the incidence of CRC (ICD-
9-CM: 153–154), identified through one inpatient 
diagnosis or two outpatient diagnosis found after the 
presence of MetS components. The secondary endpoint 
was all-cause mortality.

Covariates
Demographic variables included age and gender. Ciga-
rette smoking (ICD-9-CM: 305.1), alcohol drinking 
(ICD-9-CM: 291, 303, 305.0, 357.5, 425.5, 535.3, and 
E860.0), and comorbidities including liver disease (ICD-
9-CM: 571), inflammatory bowel disorders (ICD-9-CM: 
555, 556), CHD (ICD-9-CM: 410–414), Helicobacter 
pylori infection (ICD-9-CM: 041.86), chronic kidney 
disease (CKD) (ICD-9-CM: 585), and renal transplanta-
tion (ICD_OP_CODE = 55.6, ORDER_CODE = 76,020  A, 
76020B, 97,416  K, 97,417  A, 97418B) were included as 
covariates. Medications prescribed, such as aspirin (ATC 
codes: B01AC06, N02BA01, N02BA51), non-steroidal 
anti-inflammatory drugs (NSAIDs) (ATC group: M01A), 
statins (ATC group: C10AA, C10BA, C10BX03), and sex 
hormones/endocrine therapy (ATC codes: L02 and G03) 
were also included in the analysis.

Statistical analysis
Pairwise analyses were conducted to check the differ-
ences between subjects with 1–2 and 3–4 MetS com-
ponents. PS matching was conducted to balance the 
baseline characteristics between the groups. Multivari-
able logistic regression was used to compute the propen-
sity score using the following baseline covariates: age, 
sex, index year, smoking, alcohol drinking, comorbidities, 

renal transplantation and concurrent medications. 
Greedy nearest-neighbor matching on the PS with the 
width of 0.03 was performed [23]. Baseline character-
istics were compared between groups using standard-
ized differences with weighted proportions to properly 
account for the matched nature of the sample [24]. After 
matching, Cox regression models were used to com-
pare the risk of CRC and all-cause mortality between 
the groups. The assumption of proportional hazards was 
checked, and the robust estimation method was used to 
account for the clustering within matched sets [25]. The 
Kaplan-Meier method was used to estimate the probabil-
ity of CRC-free and overall survival.

Stratified analyses (by age, sex, history of CHD and 
CKD, use of aspirin, non-aspirin NSAIDs, or statins) 
were conducted. The adjusted hazard ratios (aHRs) were 
derived. Interactions between each stratification factor 
and number of MetS components were tested. Two-sided 
p-value < 0.05 was consider as a significant result. Data 
management and statistical analyses were conducted 
using SAS version 9.4 software (SAS Institute, Inc.).

Results
Baseline characteristics of the study cohort
A total of 238,355 subjects who met the inclusion crite-
ria were enrolled initially. There were 194,535 subjects 
with 1–2 MetS and 43,820 subjects and 3–4 components 
of MetS being identified. After 2:1 PS matching, 78,274 
and 41,569 subjects with 1–2 and 3–4 MetS components 
were included as the primary cohort. All baseline char-
acteristics were well-balanced with absolute standardized 
differences < 0.1 after matching (Table  1). The PS distri-
butions before and after matching are shown in Fig. 2.

CRC incidence and all-cause mortality
The median follow-up duration of subjects with 1–2 
and 3–4 components were 4.39 and 4.35 years, respec-
tively. Subjects with 3–4 components of MetS had a sig-
nificantly higher event rates and risk for CRC than those 
with 1–2 components of MetS (280.85 vs. 223.09 per 
100,000 person-years; crude HR, 1.26; 95% CI, 1.13–1.41, 
p-value < 0.001). Similarly, subjects with 3–4 compo-
nents of MetS were also more likely to experience all-
cause mortality than those with 1–2 components of MetS 
(2094.32 vs. 1900.11 per 100,000 person-years, HR, 1.10; 
95% CI, 1.06–1.15, p-value < 0.001) (Table 2).

Adjusted risk for CRC and all-cause mortality
After adjusted for age, sex, index year, smoking, alcohol 
drinking, comorbidities, renal transplantation and medi-
cations prescribed, patients with 3–4 MetS components 
still had a higher risk for CRC and all-cause mortality 
(aHR, 1.28; 95% CI, 1.15–1.43, and aHR, 1.13; 95% CI, 
1.08–1.17, respectively, both p-value < 0.001) (Table  3). 
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The Kaplan-Meier curves for time to CRC and all-cause 
mortality in patients with 1–2 or 3–4 components of 
MetS are shown in Fig. 3.

Stratified risks for CRC and all-cause mortality
Subjects with 3–4 MetS components had significantly 
greater risk for CRC in most subgroups compared to 

those with 1–2 MetS components, except for individu-
als who had CHD history (aHR, 1.08; 95% CI, 0.90–1.31, 
p = 0.398), CKD history (aHR, 1.50; 95% CI, 0.86–2.61, 
p = 0.151), aspirin users (aHR, 1.17; 95% CI, 0.97–1.42, 
p = 0.105). On the other hand, subjects with 3–4 MetS 
components also had significantly greater risk for all-
cuase mortality in most subgroups, except for the sub-
groups who aged ≥ 65y, had CKD history, who were 
NSAIDs non-user or statin non-user (Table 3).

Discussion
This study investigated the influence of more MetS com-
ponents compared to fewer MetS components on the risk 
of CRC and all-cause mortality. The results revealed that 
subjects with 3–4 MetS components had a significantly 
higher risk of CRC and all-cause mortality than those 
with 1–2 components, independent from age, gender, 
smoking, alcohol drinking, comorbidities, renal trans-
plantation and medications prescribed. Furthermore, the 
said increased risks were found in most of the subgroups.

Few studies focused on the role of number of MetS 
components on the risk of CRC and all-cause mortality. 
A previous systematic review and meta-analysis includ-
ing 11,462 cancer cases showed an association between 
MetS and an increased risk of CRC incidence and mortal-
ity in both genders [3]. However, the authors concluded 
that the risk conveyed by the full syndrome was not 
superior to the sum of its individual components such 
as higher BMI/waist (RR: 1.19), dysglycemia (RR: 1.29), 
and higher blood pressure (RR of 1.09) [3]. Another ret-
rospective cohort study included 4,000 persons indicated 
that MetS was associated with a higher risk of cardiovas-
cular disease (CVD) mortality. However, the authors also 
mentioned that hypertension, one of MetS components, 
explained most of the risk. Therefore, although MetS is 
a risk factor for CVD mortality, it is not beyond the risk 
from its parts [26]. The present study with a large sample 
sizes may shed new light on this controversial issue.

An increased risk of CRC in women rather than men 
was reported in a recent Korean National Cancer Center 
(KNCC) Community Cohort study including 2,417 men 
and 4,568 women [4]. However, in a large case-control 
study with a cohort of 7,558 people in Germany, the 
absolute risk of CRC in 50-year-old men was higher than 
that in women (men, 3.5-13.4%; women, 2.5-10.6%) [27]. 
In this study, 3–4 MetS components led to greater CRC 
risk and all-cause mortality than 1–2 MetS components 
among both females and males.

Older age, comorbid CHD, or CKD have been thought 
as the risk factors of MetS [28–30]. In the stratified analy-
sis of the present study, more MetS components does not 
show a significant impact on the risk of all-cause mor-
tality among the subgroups older than 65, with CHD, or 
with CKD than fewer MetS components. These results 

Table 1  Baseline characteristics of study population grouped by 
number of MetS components (after 2:1 PS matching)
Characteristics 1–2 com-

ponents 
(N = 78,274)

3–4 com-
ponents 
(N = 41,569)

Std 
Diff

Age, mean ± SD 61.73 ± 11.68 61.65 ± 11.00 -0.03

Male sex 39,474 (50.43%) 20,507 (49.33%) -0.02

Index year 0.01

  2002–2003 16,592 (21.2%) 8647 (20.8%)

  2004–2005 20,120 (25.7%) 10,634 (25.58%)

  2006–2007 20,990 (26.82%) 11,328 (27.25%)

  2008–2009 20,572 (26.28%) 10,960 (26.37%)

Smoking 413 (0.53%) 264 (0.64%) 0.01

Alcohol drinking 410 (0.52%) 279 (0.67%) 0.02

Comorbidity

  Liver disease 18,538 (23.68%) 10,401 (25.02%) 0.01

  CHD 26,946 (34.43%) 14,053 (33.81%) -0.05

  H. pylori infection 119 (0.15%) 82 (0.20%) 0.01

  CKD 2572 (3.29%) 1530 (3.68%) 0.01

  Renal 
transplantation

9 (0.01%) 6 (0.01%) 0.001

Number of prescribed 
medications

  Aspirin 0.01

    0–1 55,047 (70.33%) 28,235 (67.92%)

    2–5 8556 (10.93%) 4593 (11.05%)

    6–10 6353 (8.12%) 3557 (8.56%)

    ≥11 8318 (10.63%) 5184 (12.47%)

  Non-aspirin NSAID 0.05

    0–1 28,882 (36.90%) 14,126 (33.98%)

    2–5 17,541 (22.41%) 9531 (22.93%)

    6–10 11,679 (14.92%) 6547 (15.75%)

    ≥11 20,172 (25.77%) 11,365 (27.34%)

  Statins 0.05

    0–1 55,090 (70.38%) 27,520 (66.2%)

    2–5 13,758 (17.58%) 7181 (17.27%)

    6–10 6902 (8.82%) 4541 (10.92%)

    ≥11 2524 (3.22%) 2327 (5.6%)

  Sex hormones/en-
docrine therapy

0.03

    0–1 74,406 (95.06%) 39,246 (94.41%)

    2–5 1903 (2.43%) 1177 (2.83%)

    6–10 897 (1.15%) 525 (1.26%)

    ≥11 1068 (1.36%) 621 (1.49%)

Data are presented as mean ± SD or n (%).
Abbreviations: CHD, coronary heart disease; CKD, chronic kidney dis-
ease; NSAID, nonsteroidal anti-inflammatory drugs; Std Diff, standard-
ized difference.
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indicated that the risk posed by more MetS components 
is modified by age and some comorbidities. The risk dis-
crepancies found may be explained by that older adults 
were offered routine CRC screening and surveillance 
with colonoscopy treatment, which attenuated the risk 
of death posed by more MetS components. A previous 
study reported that the absolute risk of CRC in 50-year-
old patients with colonoscopy treatment was lower than 
those without colonoscopy [27].

Aspirin has been demonstrated to reduce the risk of 
CRC and CRC-associated mortality under long-term 
usage [31, 32]. Furthermore, CRC patients who used 
aspirin before age 60–70 years and continued to use had 
a reduced risk of CRC and CRC-associated death [33, 34]. 
In this study, aspirin users with more MetS components 
did not have a significantly higher risk of CRC than those 
with fewer MetS components. Chubak et al. found no 
substantial effect of aspirin intake on all-cause mortality 
rate of CRC patients within 10 years of use [31]. Taking 
together, the long-term interaction between aspirin use 

and MetS on CRC and mortality still needs to be investi-
gated in the future.

NSAID, such as rofecoxib or celecoxib, were CRC che-
moprevention agents associated with a reduced CRC risk 
or a reduced cumulative incidence of one or more ade-
nomas [35–37]. In this study, more MetS components 
seemed not increase the risk of all-cause mortality than 
fewer MetS components among NSAIDs non-user.

Like aspirin, statins are also identified as chemopre-
vention agents and might be used for average to high-
risk population [35]. These agents have been shown to 
associate with lower risks of CRC, post-colonoscopy 
colorectal cancer (PCCRC), and mortality [35, 38]. How-
ever, the protective effect of statins on CRC is still under 
debate. A previous case-control study containing 25,811 
CRC cases from the System for Development of Primary 
Care Research (SIDIAP) database revealed no significant 
decrease of CRC risk related to statin exposure [39]. In 
this study, more MetS components did not significantly 
increased the risk of all-cause mortality among statin 
non-users. Similarly, interactions between statin use and 

Table 2  CRC incidence and all-cause mortality in patients with 3–4 MetS components versus 1–2 MetS components
Outcomes No. Events Follow-up duration (years)a Event Rate

(/100,000 Person-Years)
Crude
HR (95% CI)

P-value

CRC
  1–2 components 78,274 792 4.39 (2.61–6.29) 223.09 Reference < 0.001
  3–4 components 41,569 526 4.35 (2.62–6.23) 280.85 1.26 (1.13–1.41)
All-cause mortality
  1–2 components 78,274 6,781 4.42 (2.64–6.32) 1900.11 Reference

  3–4 components 41,569 3,947 4.39 (2.65–6.26) 2094.32 1.10 (1.06–1.15) < 0.001
All comparisons were based on matched cohorts. Significant values are showing in bold.
a Presented in medium (Q1-Q3).

Abbreviations: CRC, colorectal cancer; HR, hazard ratio.

Fig. 2 Propensity score distribution in subjects with 1–2 MetS components (cohort = 0) or 3–4 MetS components (cohort = 1). (A) Before matching. (B) 
After matching
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MetS on CRC and mortality still should be continuously 
evaluated in the future studies.

We did not included metformin usage in the pres-
ent study. A previous trial has documented the 

chemoprevention effect of colorectal adenoma or polyps 
in post-polypectomy patients without diabetes [40]. This 
also warrants the need for future investigation on the 
interactions between metformin and MetS on CRC risks.

Table 3  Adjusted and stratified CRC incidence and all-cause mortality in patients with 3–4 MetS components versus 1–2 MetS 
components

CRC All-Cause Mortality
Variable No. Events Adjusted HRa

(95% CI)
P-value Pinteraction Events Adjusted HRa

(95% CI)
P-value Pinteraction

Overall 119,843 1,318 1.28 (1.15–1.43) < 0.001 10,728 1.13 (1.08–1.17) < 0.001
Age, years 0.731 < 0.001
  < 65 70,299 526 1.29 (1.09–1.54) 0.004 3,028 1.35 (1.25–1.45) < 0.001
  ≥ 65 49,544 792 1.24 (1.07–1.43) 0.003 7,700 0.99 (0.94–1.04) 0.600

Gender 0.314 0.005
  Female 59,862 604 1.37 (1.16–1.61) < 0.001 4,886 1.2 (1.13–1.27) < 0.001
  Male 59,981 714 1.22 (1.05–1.42) 0.011 5,842 1.06 (1.01–1.12) 0.024
History of CHD 0.011 0.020
  Without 78,844 824 1.41 (1.23–1.62) < 0.001 6,261 1.13 (1.08–1.19) < 0.001
  With 40,999 494 1.08 (0.90–1.31) 0.398 4,467 1.13 (1.06–1.20) < 0.001
History of CKD 0.587 0.300

  Without 115,741 1266 1.27 (1.14–1.43) < 0.001 9,998 1.13 (1.09–1.18) < 0.001
  With 4,102 52 1.50 (0.86–2.61) 0.151 730 0.97 (0.83–1.13) 0.706

Aspirin 0.118 0.420

  Non-user 83,282 869 1.35 (1.18–1.54) < 0.001 5,201 1.06 (1.00-1.12) 0.045
  User 36,561 449 1.17 (0.97–1.42) 0.105 5,527 1.24 (1.17–1.31) < 0.001
NSAIDs 0.839 < 0.001
  Non-user 43,008 450 1.32 (1.09–1.6) 0.004 2,422 1.02 (0.93–1.11) 0.727

  User 76,835 868 1.27 (1.11–1.45) < 0.001 8,306 1.18 (1.13–1.23) < 0.001
Statins 0.399 < 0.001
  Non-user 82,610 956 1.26 (1.11–1.44) < 0.001 7,807 1.00 (0.95–1.05) 0.945

  User 37,233 362 1.31 (1.07–1.62) 0.010 2,921 1.54 (1.43–1.66) < 0.001
Significant values (p < 0.05) between outcome and the stratified covariate are showing in bold.
a Adjusted for age, sex, index year, smoking, alcohol drinking, comorbidities, renal transplantation and concurrent medications, except for the strati-
fied covariate.
b Not available (NA) due to a low sample size.

Abbreviations: CHD, coronary heart disease; CKD, chronic kidney disease; HR, hazard ratio; NSAID, nonsteroidal anti-inflammatory drugs.

Fig. 3 Kaplan-Meier curves for time to (A) CRC and (B) all-cause mortality in subjects with 1–2 or 3–4 MetS components (in matched cohort)
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Strengths and limitations
The major strengths of the present study was the utili-
zation of a comprehensive national dataset with a large 
sample. In addition, longitudinal follow-up data allowed 
us to conduct long-term observations.

Nevertheless, there were limitations in this study. 
Firstly, the study relied on administrative codes, which 
the accuracy of could have influence the study results. 
Secondly, NHIRD lacked the information on waist cir-
cumference, thus obesity based on BMI is used instead, 
which may underestimate the prevalence of MetS. 
Thirdly, there may be a dose difference between the pre-
scribed medications. Further, it is known that endoscopic 
removal of colorectal adenomas is important for primary 
prevention of colorectal cancer, however, lacking data of 
whether colonoscopy was performed hampered further 
analysis. In addition, NHIRD lacked some crucial infor-
mation that may be confounding factors, such as patients’ 
dietary habits, physical activities, or glycemic control in 
DM. Although CRC-related mortality would be more 
informative than overall mortality, such data were not 
available, and it definitely needs to be addressed in the 
future.

Conclusion
Increased risks of CRC and all-cause mortality are found 
in subjects with more MetS components than fewer com-
ponents. Further, the increased risks were demonstrated 
in most subgroups. Knowledge gained from this study 
may help clinicians on the CRC risk stratification accord-
ing to individuals’ characteristics, as well as to optimize 
the strategy of MetS surveillance and control in order to 
prevent CRC.
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