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Purpose: Hyperuricemia and metabolic syndrome (MetS) have been shown to correlate 
with prognosis in patients with malignant tumors. The present study evaluated the relation-
ship between preoperative hyperuricemia and MetS in colorectal cancer (CRC) patients and 
analyzed the effect of this combination on prognosis within 5 years.
Patients and Methods: The study enrolled patients who had undergone radical CRC 
resection at three independent medical centers from January 2014 to December 2016. 
Patients were preoperatively categorized into four groups, those with hyperuricemia alone 
(H), those with MetS alone (MS), those with MetS-related hyperuricemia (MSH), and those 
with neither condition (control [C] group). The disease-free survival (DFS) and overall 
survival (OS) rates of these four groups were compared.
Results: The study population consisted of 1271 patients, with 114, 201, 101, and 855 
patients categorized into the H, MS, MSH and C groups, respectively. Preoperative MetS 
was found to be significantly associated with hyperuricemia (P < 0.001). Multivariate Cox 
regression analysis showed that MetS-related hyperuricemia (hazard ratio [HR] = 2.728; P < 
0.001) and MetS alone (HR = 1.631; P < 0.001) were independent predictors of death, 
whereas simple hyperuricemia was not (P > 0.1). Relative to the C group, the MSH group 
had the highest rate of tumor recurrence or metastasis (HR = 5.103, P < 0.001), followed by 
the MS (HR = 2.231, P < 0.001) group. In contrast, prognosis did not differ significantly in 
the H and C groups (P > 0.1). MetS was significantly associated with poor prognosis, with 
MetS-related hyperuricemia resulting in a significantly poorer prognosis. In contrast, hyper-
uricemia alone had no effect on the long-term prognosis of CRC patients.
Conclusion: This study highlights the prognostic importance of MetS-related hyperuricemia 
on the survival of patients with CRC.
Keywords: colorectal cancer, metabolic syndrome, hyperuricemia, prognosis

Introduction
Colorectal cancer (CRC) is the second leading cause of cancer-related deaths and 
the third most frequent malignancy worldwide. It is fourth in incidence among men 
and third among women.1 The International Agency for Research on Cancer 
estimated, that over 1,800,000 persons worldwide were newly diagnosed with 
CRC in 2018 and over 860,000 patients died of this disease.1,2 In China, CRC is 
the fifth most common malignant tumor, with the fourth highest cancer mortality 
rate; moreover, its incidence rate is still rising.3 Despite the availability of advanced 
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diagnostic techniques and developments in surgical treat-
ments and chemotherapy, the 5-year survival rate of 
patients with CRC remains low.4 The development of 
individualized treatment plans has increased the impor-
tance of timely assessment of disease progression and 
accurate evaluation of patient prognosis.5 The identifica-
tion of prognostic risk factors can assist in evaluating the 
risks of postoperative recurrence and death, as well as 
identifying treatment targets.

Metabolic syndrome (MetS), a major worldwide public 
health problem, has been associated with increased mor-
tality rates in patients with common cancers and autoim-
mune diseases.6,7 MetS is actually a group of metabolic 
disorders, including obesity, hypertension, hyperglycemia, 
hypertriglyceridemia, and low high-density lipoprotein 
(HDL) cholesterol concentrations.8 Due to urbanization, 
aging, and lifestyle changes, the incidence of MetS is 
rising significantly throughout the world.9 The strongest 
evidence in MetS and cancer association focused on insu-
lin resistance and its effect on cancer cell proliferation was 
suggested to be with IGF-1 stimulation.10 Other studies 
proved that MetS and cancer had in common chronic 
inflammation and oxidative stress, which were constantly 
associated to metabolic alterations.11 MetS has been found 
to be associated with poor prognosis in patients with 
various types of cancer, including hepatocellular,12 

prostate,13 breast,14 gastric,15 and colorectal cancers.16

Serum uric acid (SUA), the final product of nucleotide 
metabolism, is produced in the liver, muscles, and 
intestines.17 Abnormal purine metabolism or excretion 
can lead to an increase in SUA.18 The incidence of hyper-
uricemia in recent years has increased in developing 
countries.19,20 High SUA levels are frequently observed 
in patients with MetS, and increasing evidence indicated 
that high SUA levels could play a key role in the occur-
rence and development of MetS.21,22 Hyperuricemia has 
been associated with MetS, with insulin resistance playing 
a key role in this association. Hyperuricemia may be 
responsible, at least in part, for insulin resistance, leading 
to endothelial cell dysfunction and inhibiting the bioavail-
ability of nitric oxide. Moreover, insulin resistance has 
been considered the key factor in the development of 
MetS. Furthermore, hyperinsulinemia resulting from insu-
lin resistance could reduce renal excretion of SUA in the 
proximal tubules and lead to hyperuricemia.23 These find-
ings suggest that, hyperuricemia and insulin resistance 
may have a bidirectional cause-and-effect relationship.

Hyperuricemia has also been found to increase cancer 
prevalence, and its pro-inflammatory properties have been 
postulated to play an important role in the pathogenesis of 
cancer,19 as well as to increase mortality rates of cancer 
patients.24 In view of the increasing incidence of MetS and 
hyperuricemia worldwide, this study evaluated the correla-
tion between hyperuricemia and MetS in CRC patients 
treated at multiple clinical centers. The aim of this study 
was to assess the effects of these two conditions on the 
progression and prognosis of patients with CRC.

Patients and Methods
Study Population
This study enrolled patients who underwent radical resec-
tion of CRC at three independent hospitals in China from 
January 2014 to December 2016, with complete clinical 
and follow-up data. Patients were included if: (a) they had 
been pathologically diagnosed with CRC adenocarcinoma; 
(b) they had undergone radical resection of CRC; (c) they 
had undergone complete physical and relevant laboratory 
examinations within 1–2 weeks before surgery; and (d) 
detailed clinicopathological characteristics and follow-up 
data were available. Patients were excluded if they: (a) had 
been diagnosed with other types of carcinoma; (b) had 
received chemotherapy or radiotherapy before surgery; 
(c) had severe cardiovascular or cerebrovascular disease; 
or (d) had incomplete medical records or were lost to 
follow-up. Patients were preoperatively categorized into 
four groups, based on the diagnosis of MetS and/or hyper-
uricemia: patients with hyperuricemia alone (H group), 
patients with MetS alone (MS group), patients with both 
MetS and hyperuricemia (MSH group), and patients with 
neither MetS nor hyperuricemia (control [C] group). The 
study protocol was approved by the ethics committee of 
the First Affiliated Hospital of Wenzhou Medical 
University (Clinical Research Review Issuing Number 
(2021) No: R045), which waived the requirement for 
written informed consent due to the retrospective nature 
of the study. The confidentiality of patient data was guar-
anteed, as required by the Ethics Committees, and the 
study was conducted in accordance with the Declaration 
of Helsinki.

Clinical Data Collection
Data collected for each enrolled patient included: (1) 
demographic characteristics, such as gender, age and 
body mass index (BMI); (2) preoperative blood 
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parameters, including concentrations of plasma albumin 
(with hypoproteinemia defined as an albumin concentra-
tion < 35 g/L), creatinine, fasting blood glucose (FBG), 
triglycerides, HDL, triglycerides, SUA, carcinoembryonic 
antigen (CEA) and cancer antigen 199 (CA199); and (3) 
tumor characteristics, including tumor location, histologi-
cal type, pathologic tumor– node–metastasis (pTNM) 
stage, as assessed according to the 8th American Joint 
Committee on Cancer (AJCC) criteria for CRC, tumor 
(T) stage, node (N) stage, and metastasis (M) stage.

Definition of Metabolic Syndrome
MetS was defined according to the criteria proposed by the 
Chinese Diabetes Society (CDS, 2004) based on population 
characteristics.25 MetS was diagnosed in patients who met at 
least three of the following characteristics: (1) obesity/central 
obesity, defined as BMI ≥ 25 kg/m2; (2) hypertension, defined 
as blood pressure ≥ 140/90 mmHg or treatment with antihy-
pertensive drugs; (3) impaired blood glucose regulation, 
defined as FBG ≥ 6.1 mmol/L, a diagnosis of diabetes or 
treatment with antidiabetic drugs; and (4) dyslipidemia, 
defined as a triglyceride level ≥ 1.7 mmol/L, or HDL<0.9 
mmol/L in men or<1.0 mmol/L in women.

Definition of Hyperuricemia
Hyperuricemia was defined as an SUA concentration ≥ 
420 μmol/L in men or ≥ 360 μmol/L in women.26

Survival Follow-Up
Patients were initially followed-up one month after surgery 
and every 3 to 6 months thereafter. Follow-up data were 
collected by telephone or from outpatient records. Overall 
survival (OS) was defined as the time in months from surgery 
to the date of death from any cause or the date of last follow- 
up. Disease-free survival (DFS) was defined as the time in 
months from surgery to the date of the first tumor metastasis or 
recurrence or the date of last follow-up. Patients were fol-
lowed-up for at least 2 years, until March 31, 2021.

Statistical Analysis
Continuous data were reported as mean ± standard devia-
tion (SD) or as median (interquartile range [IQR]); accord-
ing to the data distribution, and compared in the four 
groups using the Kruskal‒Wallis test; whereas categorical 
data were reported as number (percent) and compared 
using the chi-squared test or Fisher’s exact test. Logistic 
regression models were constructed to estimate odds ratios 
(ORs) and 95% confidence intervals (CIs). Survival curves 

were constructed using the Kaplan‒Meier method and 
compared by Log rank tests. Univariate and multivariate 
Cox regression analyses were performed to determine 
factors associated with OS or DFS rates. Tests for trend 
were performed using SUA concentration as a continuous 
variable. Variables with P-values < 0.1 in the univariate 
analysis and known prognostic factors were included in 
the multivariate regression analysis. Hazard ratios (HRs) 
and 95% CIs were calculated by the forward stepwise 
selection method. All statistical analyses were performed 
using SPSS version 26.0 software for Windows (IBM 
Corp., Armonk, NY, USA). All P-values were two-sided, 
with P-values <0.05 considered statistically significant.

Results
Patient Characteristics
The study population consisted of 1271 patients, with 114, 
201, 101, and 855 patients categorized into the H, MS, MSH 
and C groups, respectively (Figure 1). Table 1 showed the 
detailed clinical characteristics of these groups of patients. 
Rates of hyperuricemia and MetS were higher in elderly than 
in younger patients, with CA199 concentrations comparable 
in the four groups. Age, BMI, creatinine concentration, and 
diagnoses of diabetes, hypertension, and dyslipidemia dif-
fered significantly in the four groups (all P<0.001).

Hyperuricemia and MetS
The relationship between hyperuricemia and MetS was 
assessed by logistic regression analysis. Based on the results 
of univariate analyses, diagnosis of MetS, diabetes, and hyper-
lipidemia, as well as age, BMI, and pTNM stage were 
included in the multivariate analysis. This analysis showed 
that a diagnosis of MetS (OR = 2.357; P = 0.003) was an 
independent predictor of hyperuricemia. In addition, age > 65 
years, higher BMI, and a diagnosis of dyslipidemia were 
associated with an increased risk of hyperuricemia 
(all P < 0.05; Table 2).

Correlation of the Presence of MetS and 
Hyperuricemia with DFS and OS
Kaplan‒Meier analysis showed that DFS differed signifi-
cantly in the four groups of CRC patients (P < 0.001), with 
median DFS being shorter in the MSH group than in the 
other groups (Figure 2A). Multivariate Cox regression 
analysis showed that the T stage, an absence of chemother-
apy, and the presence of MetS-related hyperuricemia were 
independent predictors of DFS rate (all P < 0.05) 
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(Table 3). Compared with the C group, the MSH group 
had the highest risk of disease recurrence (HR = 5.103, 
P < 0.001). In contrast, the prognoses of patients in the 
H and the C groups did not differ significantly (P > 0.1).

Kaplan-Meier analysis also showed that OS differed sig-
nificantly in the four groups of CRC patients (P < 0.001; 
Figure 2B). The OS rate was lowest in the MSH group, 
followed by the MS group. Multivariate Cox regression ana-
lysis results showed that the presence of MetS-related hyper-
uricemia, T stage, N stage, and CEA concentrations were 
independent predictors of OS rate (all P < 0.05) (Table 3). 
Compared with the C group, the MSH group had the highest 
overall mortality rate among the four groups (HR = 2.728, 
P < 0.001), followed by the MS group (HR = 1.631, P < 
0.001). In contrast, the prognoses for the H and C groups 
showed no significant differences (P > 0.1).

Correlation of the Presence of MetS and 
SUA Levels with DFS and OS in Men and 
Women
We also assessed how the presence of MetS and different 
SUA levels affected the risk of recurrence in men and 

women with CRC (Table 4). Although the number of 
CRC patients in each group decreased due to the stratified 
analyses, we still observed a series of significant eleva-
tions in recurrence risk. Notably, we found that SUA 
concentrations were positively associated with recurrence 
rate in male CRC patients with MetS (P < 0.001). 
Specifically, the risk of recurrence among male CRC 
patients with MetS was higher in those with SUA ≥ 460 
μmol/L than in those with SUA < 460 μmol/L (OR = 3.94; 
95% CI, 1.146 to 13.544). Similarly, the risk of recurrence 
among the four groups was highest when SUA levels were 
≥ 500 μmol/L, (OR = 6.005; 95% CI, 2.354 to 15.361). 
However, elevated SUA levels were not significantly asso-
ciated with the risk of recurrence among female CRC 
patients with MetS. SUA concentrations, however, did 
not affect recurrence rates in either men or women CRC 
patients without MetS.

Meanwhile, we analyzed the effects of MetS and dif-
ferent SUA levels on the mortality risk in men and women 
with CRC (Table 4). SUA concentrations were associated 
with mortality in male CRC patients with MetS (P < 
0.001), with the risk of death in male CRC patients with 

Figure 1 Patient flow chart for the study.
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Table 1 Clinicopathological Characteristics of Patients

Factors C (n = 855) MS (n = 201) H (n = 114) MSH (n = 101) P value

Age, median (IQR), years 64 (56–71) 65 (60–74) 66 (57–75) 69 (61–76) <0.001a

Male, n (%) 519 (60.7%) 122 (60.7%) 73 (64.0%) 69 (68.3%) 0.462

BMI, median, (IQR) (kg/m2) 22.0 (20.2–23.5) 25.2 (22.6–26.7) 23.0 (21.2–24.2) 25.4 (23.1–26.5) <0.001a

Creatinine, median, (IQR), (μmol/L) 65.7 (55.0–76.0) 66.9 (55.0–80.0) 67.5 (56.8–81.0) 73.0 (57.0–84.0) 0.002a

T stage, n (%) 0.115
1+2 167 (19.5%) 37 (18.4%) 27 (23.7%) 29 (28.7%)

3+4 688 (80.5%) 164 (81.6%) 87 (76.3%) 72 (71.3%)

N stage, n (%) 0.682

0 513 (60.0%) 115 (57.2%) 73 (64.0%) 58 (57.4%)

1 239 (28.0%) 66 (32.8%) 30 (26.3%) 33 (32.7%)
2 103 (12.0%) 20 (10.0%) 11 (9.6%) 10 (9.9%)

M stage, n (%) 0.536
0 807 (94.4%) 187 (93.0%) 110 (96.5%) 97 (96.0%)

1 48 (5.6%) 14 (7.0%) 4 (3.5%) 4 (4.0%)

pTNM stage, n (%) 0.499

I 130 (15.2%) 33 (16.4%) 23 (20.2%) 22 (21.8%)

II 368 (43.0%) 77 (38.3%) 48 (42.1%) 35 (34.7%)
III 309 (36.1%) 77 (38.3%) 39 (34.2%) 40 (39.6%)

IV 48 (5.6%) 14 (7.0%) 4 (3.5%) 4 (4.0%)

Tumor location, n (%) 0.278

Proximal colon 174 (20.4%) 42 (20.9%) 26 (22.8%) 20 (19.8%)

Distal colon 155 (18.1%) 39 (19.4%) 10 (8.8%) 21 (20.8%)
Rectum 526 (61.5%) 120 (59.7%) 78 (68.4%) 60 (59.4%)

Diabetes, n (%) <0.001a

No 649 (75.9%) 39 (19.4%) 92 (80.7%) 31 (30.7%)

Yes 206 (24.1%) 162 (80.6%) 22 (19.3%) 70 (69.3%)

Dyslipidemia, n (%) <0.001a

No 645 (75.4%) 32 (15.9%) 79 (69.3%) 10 (9.9%)

Yes 210 (24.6%) 169 (84.1%) 35 (30.7%) 91 (90.1%)

Hypertension, n (%) <0.001a

No 380 (44.4%) 0 (0.0%) 35 (30.7%) 30 (29.7%)
Yes 475 (55.6%) 201 (100.0%) 79 (69.3%) 71 (70.3%)

Hypoproteinemia, n (%) 0.278
No 728 (85.1%) 164 (81.6%) 100 (87.7%) 90 (89.1%)

Yes 127 (14.9%) 37 (18.4%) 14 (12.3%) 11 (10.9%)

CA199, n (%) 0.094

< 35 738 (86.3%) 166 (82.6%) 104 (91.2%) 82 (81.2%)
≥ 35 117 (13.7%) 35 (17.4%) 10 (8.8%) 19 (18.8%)

CEA, n (%) 0.391
< 5 523 (61.2%) 117 (58.2%) 75 (65.8%) 56 (55.4%)

≥ 5 332 (38.8%) 84 (41.8%) 39 (34.2%) 45 (44.6%)

Notes: Values are number of patients unless indicated otherwise. aStatistically significant. 
Abbreviations: MSH, MetS-related hyperuricemia group; H, hyperuricemia group; MS, MetS group; C, control group; BMI, body mass index; T stage, tumor stage; N stage, 
node stage; M stage, metastasis stage; pTNM, pathologic tumor-node-metastasis; CEA, carcinoembryonic antigen; CA199, cancer antigen 199; IQR, interquartile range.
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MetS being higher in those with SUA ≥ 460 μmol/L than 
in those with < 460 μmol/L (OR = 4.431; 95% CI, 1.019 to 
19.259). Similarly, among the four groups, the risk of 
mortality was highest when SUA was ≥ 500 μmol/L 
(OR = 6.421; 95% CI, 2.031 to 20.304). In summary, 
mortality increased as SUA levels elevated in male CRC 
patients with MetS. However, elevated SUA levels were 

not significantly associated with the risk of mortality 
among male CRC patients without MetS or among female 
CRC patients with or without MetS.

Discussion
Accurate prognostic evaluation of CRC patients is clinically 
important. The screening of high-risk populations facilitates 

Table 2 Univariate and Multivariate Analyses the Risk of Hyperuricemia

Factors Univariate Analysis Multivariate Analysis

OR (95% CI) P value OR (95% CI) P value

MetS
Yes/No 3.769 (2768–5.132) <0.001a 2.357 (1.351–4.114) 0.003a

Age, years
> 65/≤ 65 1.821 (1.283–2.585) <0.001a 1.663 (1.150–2.404) 0.007a

Gender
Female/Male 0.794 (0.583–1.081) 0.142

BMI, kg/m2

≥ 25/< 25 2.923 (2.122–4.026) <0.001a 1.740 (1.141–2.651) 0.010a

Hypertension
Yes/No 1.297 (0.945–1.781) 0.108

Diabetes
Yes/No 1.398 (1.038–1.884) 0.028a

Dyslipidemia
Yes/No 2.529 (1.875–3.411) <0.001a 1.585 (1.076–2.336) 0.019a

Hypoproteinemia
Yes/No 0.716 (0.457–1.121) 0.144

Tumor location
Distal/Proximal 0.750 (0.457–1.231) 0.255

Rectum/Proximal 1.003 (0.695–1.449) 0.987

T stage
T3+4/T1+2 0.680 (0.484–0.956) 0.026a

N stage
N1/N0 0.990 (0.712–1.378) 0.953
N2/N0 0.818 (0.497–1.349) 0.432

pTNM stage
II/I 0.676 (0.451–1.013) 0.058

III/I 0.741 (0.492–1.116) 0.152

IV/I 0.467 (0.209–1.047) 0.065

CEA, ng/mL
≥ 5/< 5 0.986 (0.730–1.332) 0.929

CA199, ng/mL
≥ 37/< 37 0.927 (0.605–1.422) 0.729

Note: aStatistically significant. 
Abbreviations: BMI, body mass index; pTNM, pathologic tumor-node-metastasis; MetS, metabolic syndrome; T stage, tumor stage; N stage, node stage; pTNM, pathologic 
tumor-node-metastasis; CEA, carcinoembryonic antigen; CA199, cancer antigen 199; CI, confidence interval.
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better classification and management. To our knowledge, the 
present study is the first to evaluate the correlation between 
hyperuricemia and MetS in CRC patients and explore their 
effects on tumor recurrence and survival. This multicenter 
retrospective cohort study found that the presence of MetS 
was related to hyperuricemia and confirmed that MetS- 
related hyperuricemia would lead to a worse clinical prog-
nosis than either MetS or hyperuricemia alone.

This study found that CRC patients with MetS had 
higher recurrence and mortality rates than other groups 
of CRC patients. MetS and its related complications are 
serious health problems, with the global prevalence of 
MetS exceeding 23.7%.27 Emerging evidence has demon-
strated that MetS is an important factor for the develop-
ment and malignant progression of various cancers.26 

Patients with MetS are at higher risks of increased 30- 
day postoperative mortality, postoperative complications, 
and recurrence of colorectal adenoma.28 Biological links 
between MetS and cancer risk involve many factors and 
signaling pathways, such as the deregulation of cytokine 
production, a chronic inflammatory state, the insulin-like 
growth factor pathway, and concentrations of hormones 
and proinflammatory cytokines.29 Therefore, the relation-
ship between preoperative MetS and CRC was close.

Several recently surveys have reported close correla-
tions between MetS and SUA concentrations in the general 
population,21,22 a finding consistent with our results show-
ing that hyperuricemia was independently correlated with 
MetS, as well as with MetS complications, including 
a high BMI and dyslipidemia, but was not independently 
correlated with diabetes. In some studies, hyperuricemia 
was shown to be associated with each of the individual 
components of MetS: obesity, hypertension, high triglycer-
ide levels, and low HDL levels,30–32 as well as with 
elevated fibrinogen levels. Insulin resistance and central 

obesity are regarded as the critical components of MetS, 
with both leading to glucose intolerance and 
dysglycemia.33 Historically, elevated SUA levels in MetS 
had been attributed to hyperinsulinemia because insulin 
reduced the renal excretion of SUA.34 Hyperuricemia 
often preceded the development of hyperinsulinemia,35 

obesity,36 and diabetes.37 However, the relationship 
between hyperuricemia and hyperglycemia was unclear. 
Although most studies suggested that hyperglycemia and 
hyperuricemia were related to the pathophysiological 
mechanism of MetS, others reported that hyperuricemia 
was negatively correlated with fibrinogen levels in adult 
residents of Taiwan38 and that there was an inverse asso-
ciation between hyperuricemia and diabetes in Asian 
men.39

We found that patients with both hyperuricemia and 
MetS had several risk factors for shorter DFS, including an 
absence of postoperative chemotherapy and a higher 
T stage, which could explain the survival curve. These 
patients with both MetS and hyperuricemia also had sev-
eral risk factors for shorter OS, including higher T and 
N stages and higher CEA concentrations. The vicious 
cycle linking MetS and hyperuricemia makes it easier to 
understand the impact of hyperuricemia on the prognosis 
of CRC patients with MetS. However, the present study 
found no obvious correlation between hyperuricemia alone 
and the poor prognosis of CRC patients (P > 0.1). 
Although the association between SUA levels and cancer 
has not yet been clarified, with few relevant studies to date 
higher SUA levels were thought to protect against the 
development of cancer.40,41 This hypothesis was based 
on findings showing that lipid peroxidation was inhibited 
and free oxygen radicals were cleared through xanthine 
oxidoreductase when SUA concentrations were high.24 

More recent studies, however, found that high 

Figure 2 Kaplan-Meier analyses of the prognostic significance of metabolic syndrome and hyperuricemia in colorectal cancer patients. (A) Influence of metabolic syndrome 
and hyperuricemia on disease free survival. (B) Influence of metabolic syndrome and hyperuricemia on overall survival.
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Table 3 Univariate and Multivariate Analyses of Factors in Relation to Disease-Free Survival and Overall Survival

Factors Disease-Free Survival Overall Survival

HR (95% CI) P value HR (95% CI) P value

Univariate analysis

Gender

Male/Female 0.841 (0.649–1.089) 0.191 0.993 (0.796–1.239) 0.952

Age (y)

≤ 65/> 65 1.216 (0.923–1.602) 0.162 1.367 (1.067–1.751) 0.013a

Tumor location

Distal/Proximal colon 0.879 (0.578–1.336) 0.547 1.062 (0.740–1.525) 0.741

Rectum/Proximal colon 1.055 (0.768–1.448) 0.739 1.091 (0.822–1.448) 0.543

T stage

T3+4/T1+2 1.798 (1.258–2.571) 0.001a 1.746 (1.282–2.378) <0.001a

N stage

N1/N0 2.421 (1.840–3.187) <0.001a 1.667 (1.307–2.127) <0.001a

N2/N0 3.552 (2.524–4.999) <0.001a 2.898 (2.162–3.883) <0.001a

pTNM stage

II/I 1.071 (0.686–1.669) 0.763 1.280 (0.883–1.856) 0.192

III/I 2.796 (1.849–4.226) <0.001a 2.146 (1.496–3.079) <0.001a

IV/I 3.829 (2.143–6.842) <0.001a 5.536 (3.477–8.816) <0.001a

Hypoproteinemia

Yes/No 1.033 (0.726–1.471) 0.856 1.319 (0.989–1.758) 0.059

CEA, ng/mL

≥ 5/< 5 1.414 (1.104–1.812) 0.006a 1.641 (1.322–2.036) <0.001a

CA199, ng/mL

≥ 37/< 37 1.396 (0.999–1.951) 0.051 1.449 (1.087–1.932) 0.011a

Chemotherapy

Yes/No 1.677 (1.295–2.173) <0.001a 1.051 (0.847–1.306) 0.646

MetS-related hyperuricemia

MS/C 2.238 (1.637–3.059) <0.001a 1.707 (1.295–2.251) <0.001a

H/C 1.139 (0.694–1.868) 0.606 0.910 (0.590–1.404) 0.671

MSH/C 4.787 (3.481–6.583) <0.001a 2.747 (2.020–3.736) <0.001a

Multivariate analysis

T stage

T3+4/T1+2 2.326 (1.118–4.841) 0.023a 1.927 (1.001–3.708) 0.049a

N stage

N1/N0

N2/N0 3.479 (1.469–8.239) 0.004a

CEA, ng/mL

≥ 5/< 5 1.345 (1.071–1.689) 0.010a

Chemotherapy

Yes/No 1.427 (1.089–1.869) 0.009a

MetS-related hyperuricemia

MS/C 2.231 (1.628–3.056) <0.001a 1.631 (1.233–2.158) <0.001a

H/C 1.298 (0.790–2.133) 0.303 0.948 (0.614–1.463) 0.809

MSH/C 5.103 (3.691–7.055) <0.001a 2.728 (1.984–3.749) <0.001a

Note: aStatistically significant. 
Abbreviations: MSH, MetS-related hyperuricemia group; H, hyperuricemia group; MS, MetS group; C, control group; BMI, body mass index; T stage, tumor stage; N stage, 
node stage; pTNM, pathologic tumor-node-metastasis; CEA, carcinoembryonic antigen; CA199, cancer antigen 199; HR, hazard ratio; CI, confidence interval.
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concentrations of the main monosodium form of SUA at 
physiological pH significantly increased cancer mortality 
rates in both genders.19,42 Other studies have confirmed 
that obesity, MetS and the comorbidity associated with 
SUA levels were important prognostic factors, especially 
in patients with breast cancer, with these factors resulting 
in reduced survival rates and increased mortality rates.43 

Cox regression analysis of the effects of hyperuricemia, 
alone or combined with MetS, on the prognosis of CRC 
patients showed that prognosis was poorer in patients with 
MetS-related hyperuricemia than in patients with hyperur-
icemia alone.

The prevalence of MetS has been reported higher in 
men than in women with hyperuricemia.23,44 To explore 
the relationship of hyperuricemia and MetS with prognosis 
in patients with CRC, SUA was stratified in both men and 
women. These findings showed high SUA (≥ 460 μmol/L) 
in male CRC patients with MetS was associated with 
poorer prognosis. In contrast, elevated SUA levels did 
not significantly affect prognosis in female CRC patients 
with MetS, although the latter may have been caused by 
the small sample size in our study.

The present study had several limitations. First, the patho-
logical slides were interpreted by experienced pathologists 

Table 4 MetS, Different Serum Uric Acid Levels and Risk of Colorectal Cancer Recurrence and Death in Men and Women

Males Females

Participants 
No. (%)

Multivariable- 
Adjusted OR (95% 
CI) *

Participants 
No. (%)

Multivariable- 
Adjusted OR (95% 
CI) *

Recurrence

Without MetS
SUA < 420 519 (87.7%) Ref. SUA < 360 336 (89.1%) Ref.

420 ≤ SUA < 460 29 (4.9%) 1.357 (0.499, 3.685) 360 ≤ SUA < 400 17 (4.5%) 0.32 (0.041, 2.472)

460 ≤ SUA < 500 21 (3.5%) 2.045 (0.724, 5.774) 400 ≤ SUA < 440 12 (3.2%) 0.00 (0.000, Inf)
SUA ≥ 500 23 (3.9%) 1776 (0.638, 4.942) SUA ≥ 440 12 (3.2%) 1.023 (0.261, 4.85)

P for trend 0.097 0.315

With MetS

SUA < 420 122 (63.9%) Ref. SUA < 360 79 (71.2%) Ref.
420 ≤ SUA < 460 28 (14.7%) 1.771 (0.748, 4.194) 360 ≤ SUA < 400 19 (17.1%) 3.765 (1.307, 10.847)

460 ≤ SUA < 500 13 (6.8%) 3.94 (1.146, 13.544) 400 ≤ SUA < 440 8 (7.2%) 2.031 (0.439, 9.398)

SUA ≥ 500 28 (14.7%) 6.005 (2.354,15.361) SUA ≥ 440 5 (4.5%) 2242(0.328, 15.322)

P for trend < 0.001a 0.076

Death

Without MetS

SUA < 420 519 (87.7%) Ref. SUA < 360 336 (89.1%) Ref.

420 ≤ SUA < 460 29(4.9%) 0.534 (0.167, 1.709) 360 ≤ SUA < 400 17(4.5%) 1.140 (0.322, 4.033)
460 ≤ SUA < 500 21 (3.5%) 0.415 (0.099, 1.729) 400 ≤ SUA < 440 12 (3.2%) 0.683 (0.101, 4.616)

SUA ≥ 500 23 (3.9%) 0.648 (0.182, 2.313) SUA ≥ 440 12 (3.2%) 2.666 (0.698, 10.192)

P for trend 0.16 0.283

With MetS
SUA < 420 122 (63.9%) Ref. SUA < 360 79 (71.2%) Ref.

420 ≤ SUA < 460 28 (14.7%) 1.293 (0.432, 3.868) 360 ≤ SUA < 400 19 (17.1%) 2.426 (0.539, 10.915)

460 ≤ SUA < 500 13 (6.8%) 4.431 (1.019, 19.259) 400 ≤ SUA < 440 8 (7.2%) 2.003 (0.195, 20.533)
SUA ≥ 500 28 (14.7%) 6.421(2.031,20.304) SUA ≥ 440 5(4.5%) 0.830 (0.049,14.127)

P for trend < 0.001a 0.525

Notes: *Adjusted for matching factors including Alkaline phosphatase (U/L), Creatinine (μmol/L) (the introduction of covariates in the basic model or the elimination of 
covariates from the complete model had an impact on the regression coefficient of SUA > 10%). aStatistically significant. 
Abbreviations: MetS, metabolic syndrome; SUA, serum uric acid; CI, confidence interval.
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separately at each center rather than by a centralized pathology 
review. However, the criteria for MetS and hyperuricemia 
employed by the three centers were uniform. Second, the 
specific mechanisms of interactions among MetS, hyperurice-
mia, and CRC have not been determined, indicating a need for 
further studies. Third, the number of women patients with 
MetS-related hyperuricemia was small, limiting validation of 
the results in women. Fourth, although this was a multicenter 
study, it included only Chinese patients limiting the applic-
ability of our results, especially because the diagnostic criteria 
for MetS and hyperuricemia criteria in China differ from those 
in Western populations. Therefore, the findings of this study 
require verification in other ethnic groups.

Conclusion
In conclusion, the present study found that preoperative 
MetS was independently associated with hyperuricemia in 
patients with CRC. MetS-related hyperuricemia was asso-
ciated with increased risks of tumor recurrence and mor-
tality. Although MetS alone affected the prognosis of CRC 
patients, hyperuricemia alone did not. These findings indi-
cate that CRC patients with MetS-related hyperuricemia 
require more prognostic risk assessments and clinical 
interventions than patients without this disorder.

Abbreviations
BMI, body mass index; CA199, cancer antigen 199; CEA, 
carcinoembryonic antigen; CI, confidence interval; CRC, 
colorectal cancer; DFS, disease-free survival; FBG, fasting 
blood glucose; HDL, high-density lipoprotein; HR, hazard 
ratio; OR, odds ratio; OS, overall survival; pTNM, pathol-
ogy tumor– node–metastasis stage; MetS, Metabolic syn-
drome; SUA, serum uric acid.
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