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Background: Thyroid nodules (TNs) and metabolic syndrome (MS) have been individually associated with colorectal polyps.
However, the potential joint relationship between them in relation to colorectal polyps has not been fully eval-
uated. This study aimed to validate the association of TNs/MS and colorectal polyps/adenomas and to deter-
mine the risk of colonic polyps in patients with TNs/MS.

Material/Methods: A retrospective study was conducted on patients undergoing routine health checks in the First Affiliated Hospital
of Wenzhou Medical University from July 2014 to August 2017. Univariate and multivariate logistic regression
analyses were performed to identify independent risk factors for colorectal polyps/adenomas after adjusting
for confounding factors. Then patients were divided into 4 groups according to whether they had TNs or MS.
Relative excess risks of interaction, attributable proportion, and synergy index were used to determine the ad-
ditive interaction of TNs and MS on colorectal polyps/adenomas.

Results: A total of 4514 eligible patients were included in this study. TNs and MS were confirmed to be independent
risk factors for colorectal polyps/adenomas. Compared with the group of TNs(-)/MS(-), the odds ratios of
TNs(+)/MS(+) in colorectal polyps (odds ratio [OR]: 3.031, 95% confidence interval [Cl]: 2.262-4.062, P<0.05) or
adenomas (OR: 2.894, 95% Cl: 2.099-3.990, P<0.05) were significantly increased, and there was an interactive
additive effect between TNs and MS.

Conclusions: TNs and MS have an associative and superimposing effect on the increased occurrence of colorectal adeno-
mas. Colonoscopy screening should be advocated for patients with both of these diseases.
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Background

Colorectal cancer is the third most commonly diagnosed of all
cancers and accounts for 10.2% of cancer cases globally [1-3].
Polyps are recognized as precancerous colorectal lesions, and
the incidence of colorectal cancer is higher in patients with
multiple polyps [4]. Therefore, colonoscopy and endoscopic
polypectomy of precancerous lesions can effectively reduce
the incidence of colorectal cancer [5,6]. However, due to sev-
eral factors such as limited health care resources, lack of colo-
noscopy screening programs, and low awareness in the pop-
ulation, individuals without known risk factors or symptoms
usually do not undergo screening colonoscopy [7,8]. Thus, the
identification of groups at high risk of developing colorectal
cancer has become the focus of research. At present, adverse
factors including male sex, advancing age, high waist-to-hip
ratio, smoking, alcohol consumption, and metabolic syndrome
(MS) have been associated with an increased risk of colorec-
tal polyps [9-11]. Among these, the potentiating effect of MS
on the occurrence of colorectal polyps and carcinogenesis
may be related to inflammation, insulin resistance, and oxi-
dative stress [12,13].

In addition, the detection rate of thyroid nodules (TNs) is high-
er than before, ranging from 13% to 68% by general physi-
cal examination [14,15]. In 2012, Duran et al [16] first as-
sociated colonic polyps with a higher detection rate of TNs.
Subsequently, another study also demonstrated this associa-
tion and reported other common mechanisms in the develop-
ment of these 2 diseases in addition to insulin resistance and
hyperinsulinemia [17]. These reports lead to the postulation
that TNs and MS may increase the prevalence of colonic polyps.

This study aimed to further validate the association of TNs/

MS and colorectal polyps/adenomas and to determine the risk
of colonic polyps in patients with TNs/MS.

Material and Methods

Diagnostic Criteria

All patients included in this study underwent a complete colo-
noscopy (examination accomplished to the ileocecal valve) per-
formed by an experienced endoscopist, with each examination
being more than 6 min. Polyethylene glycol electrolyte solution
(3 L) was used for intestinal preparation before colonoscopy.
During the examination, the quality of the intestinal prepara-
tion was scored, and those with poor quality were excluded
from this study. All lesions identified were sampled by biopsy.
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Study Design

Patients undergoing colonoscopy at the Medical and Health
Care Center of the First Affiliated Hospital of Wenzhou Medical
University from July 2014 to August 2017 were selected. Data
on patients’ medical history, medication, physical examina-
tion, and laboratory investigations were collected in an anon-
ymized manner. The exclusion criteria were (1) malignant tu-
mor (including colorectal or other organs); (2) other thyroid
diseases except for TNs (including thyroidectomy); (3) incom-
plete bowel preparation or poor quality; (4) organic bowel dis-
ease; (5) incomplete sample data; (6) mental illness (includ-
ing epilepsy); (7) no history of using antidiabetic medication,
including metformin, pioglitazone, and so forth. This study
was approved by the ethics committee of the First Affiliated
Hospital of Wenzhou Medical University. The requirement for
informed consent was waived due to the observational, ret-
rospective nature of the study.

Measurements

On the morning of the colonoscopy procedure, the height and
weight of the patient in an unlined garment were measured
by a well-trained nurse. Body mass index (BMI) was calculated
as weight (kg) divided by the square of the height (m). Blood
pressure was measured by using the automatic instrument with
the cuff flushed to the left atrium after the patient rested for
15 min. Each patient’s past medical history, history of tobacco
and alcohol consumption, and medication/drug use were ob-
tained in the form of a questionnaire. Laboratory tests includ-
ed results for total cholesterol, triglycerides, high-density lipo-
protein cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), thyrotropin, free thyroxine, free triiodothyronine, fast-
ing plasma glucose, 2-h plasma glucose, uric acid, serum creati-
nine, alanine aminotransferase, and aspartate aminotransferase.

Definition of TNs and MS

Based on the clinical guidelines of the Diabetes Society of
Chinese Medical Association in 2004, MS was diagnosed
when 3 or more of the following components were present:
infertility; BMI >25 kg/m?; dyslipidemia, with total cholesterol
>1.70 mmol/L and/or HDL-C <0.90 mmol/L (male) HDL-C <1.00
mmol/L (female); high blood pressure, with systolic blood pres-
sure 2140 mmHg or diastolic blood pressure >90 mmHg, and/
or using antihypertensive drugs; hyperglycemia, with fasting
plasma glucose >6.1 mmol/L or 2-h plasma glucose >7.8, and/
or use of hypoglycemic drugs.

For diagnosing TNs, thyroid ultrasound examination was
performed by well-qualified and experienced radiologists.
Moreover, thyroid ultrasonography was carried out within 1
month of colonoscopy.
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Statistical Analysis

Data were analyzed by using SPSS version 22.0. Continuous
variables of normal distribution were described as mean and
95% confidence intervals (Cls) and analyzed with an indepen-
dent sample t test, while nonnormal distribution variables
were analyzed with the Mann-Whitney U test. For data with
skewed distribution, continuous variables were displayed as
the 25th percentile, the median, and the 75th percentile. A chi-
square test was used to analyze qualitative data. Univariate
and multivariate logistic regression analyses were conducted
to identify independent risk factors for colorectal polyps af-
ter adjusting for confounding factors. To further investigate
the interactions between TNs and MS on colorectal polyps,
the patients were divided into 4 groups: G1, TNs(-)/MS(-);
G2, TNs(+)/MS(-); G3, TNs(-)/MS(+); and G4, TNs(+)/MS(+).
The relative risks and 95% Cls of the 4 groups were obtained
by logistic analyses. The Excel table compiled by Andersson
et al [18] was used in our study to evaluate the additive ef-
fect of TNs and MS on colorectal polyps, with relative excess
risks of interaction (RERI) and an attributable proportion (AP)
>0 and a synergy index (SI) >1 indicating a biological interac-
tion between the 2 conditions [19]. Subjects were also divid-
ed into several subgroups (including the type, size, and num-
ber of polyps) for stratified analyses, and the relative risks and
95% Cls were obtained.

Results

Baseline Features

A total of 4514 subjects were included in this study and divided
into 2 groups according to whether polyps or adenomas were
identified under colonoscopy. Colorectal polyps were discov-
ered in 1379 patients (30.5%), and among these patients, 674
(14.9%) were found to have colorectal adenomas (Tables 1, 2).
Comparisons based on patient demographics revealed that pa-
tients with colorectal polyps or adenomas were predominantly
male and had higher frequencies of TNs and MS, and a high-
er propensity for smoking or drinking alcohol. In addition, pa-
tients with polyps/adenomas were older and had higher values
for BMI, total cholesterol, triglycerides, fasting plasma glucose,
HDL-C, uric acid, serum creatinine, alanine aminotransferase,
and aspartate aminotransferase, while their LDL-C levels were
lower than those of patients without polyps/adenomas. All of
these differences were statistically significant (P<0.05).

In regression analyses, multivariate analysis revealed that
age (1.049 [95% Cl: 1.042-1.057], P<0.05), sex (1.767 [95%
Cl: 1.398-2.233], P<0.05), BMI (1.049 [95% Cl: 1.021-1.077],
P<0.05), HDL-C (0.689 [95% Cl: 0.476-0.996], P<0.05), smok-
ing (1.670 [95% Cl: 1.412-1.976], P<0.05), TNs (1.221 [95% ClI:

CLINICAL RESEARCH

1.005-1.413], P<0.05), and MS (1.343 [95% Cl: 1.082-1.665],
P<0.05) were all independent risk factors of colorectal polyps,
as shown in Table 1. When subjects with adenomatous pol-
yps only were analyzed, multivariate analysis revealed that
age (1.055 [95% Cl: 1.045-1.065], P<0.05), sex (1.787 [95% Cl:
1.333-2.395], P<0.05), smoking (1.302 [95% Cl: 1.060-1.599],
P<0.05), TNs (1.206 [95% Cl: 1.006-1.445], P<0.05), and MS
(1.312[95% Cl: 1.013-1.700], P<0.05) were also independent
risk factors, as shown in Table 2.

Interaction Between TNs and MS

With G1 [TNs(-)MS(-)] as the control group, and after adjust-
ing for risk factors including sex and smoking, the incidence of
colorectal polyps or colorectal adenomas in the other 3 groups
[G2: TNs(+)MS(-), G3: TNs(-)MS(+), G4: TNs(+)MS(+)] was sig-
nificantly higher, as shown in Table 3 (P<0.05).

When the interactive and the additive effects of TNs and MS
on colorectal polyps were analyzed, the RERI, AP, and S| were
0.831 (95% Cl: -0.097 to 1.760), 0.274 (95% Cl: 0.033-0.516),
and 1.693 (95% Cl: 0.988-2.900), respectively. Given that the
confidence interval of RERI included 0 and the confidence in-
terval of Slincluded 1, these findings suggest the absence of a
combined effect of TNs and MS on the occurrence of colorectal
polyps. However, in subjects confirmed as having colorectal ad-
enomas, the RERI, AP, and Sl were 1.111 (95% Cl: 0.169-2.054),
0.384 (95% Cl: 0.154-0.614), and 2.418 (95% Cl: 1.185-4.934),
as shown in Figure 1. This outcome indicated a cross-addi-
tive and potentiating effect of TNs and MS on the occurrence
of colorectal adenomas, and 38.4% of colorectal adenomas
were associated with the superimposition of the 2 conditions.

Stratified Analysis

To determine the effects of TNs and MS on the types (non-
polyps, nonadenomatous polyps, and adenomatous polyps),
numbers (1, >2), and sizes (<5 mm, 5-10 mm, and =10 mm) of
colorectal polyps, subjects were analyzed by stratification, as
shown in Table 4. Compared with G1, the odds ratio (OR) of
G4 was significantly higher in nonadenomatous polyps, ade-
nomatous polyps, polyps number=1, polyps number >2, polyp
size <5 mm and 5-10 mm (P<0.05). Furthermore, subjects in G2
had a higher OR in all types, numbers, and sizes of colorectal
polyps (P<0.05), while subjects in G3 had a higher OR in non-
adenomatous polyps, adenomatous polyps, polyps number=1,
polyps number >2, and polyp size <5 mm (P<0.05).

Discussion

TNs and MS have been demonstrated to be independently
related to an increased prevalence of colonic polyps. Several
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Table 1. Baseline features and independent risk factors in colorectal polyps.

Univariate analysis

Multivariate analysis

Basic information :10 ;y;;s) Nt:;llp;‘;l;{ P

PEe reeTe) (4:-(;7) (3:-552) 0.000 (2.0(2);-;.1661) 0.000 (1.041.20-?.9057) 0.000

Sex (Male) 1033049) 1767664 0000 M0 o000 TOT 0000

BMI (kg/m?) 245630, 1.223_ '235' 5 0000 - 03'11_1'4137) 0.000 i 02'1?41"9077) 0.000
T g wess % gmonw) O™ gwers O
T oz osi2e % gosaie O™ gesiog %0

I (102}54m (Logzzsn 0.000 (03213249) 0.000 (04323296) 0.048

LDL-C (mmol/L) 3:20 310 0.001 - oi%lj?z 5 0.001 @ 62;38_?.517 N 0.394

TSH (miuL) (10222  (iaoan 0% 0575057 °®  eopioony 003
A (el (10.121-i12.3) (10.121-i22.3) 0.562 (0.9329-??022) 0.787 - -

FT, (pmol/L) wesy  wase 9T geseiesy 0S¥ - -
FOMM sy easy %% qumoame %% oswiosm
A ey @nasy %% oo O™ eessroy
Sa (sl (eg-(;s) (556-575) 0.000 (1.0:.6(3?020) 0.000 (0.953()-29007) 0.929
AT s e O aoeaos O ety 7
ASTOD ey ey %% qoaos %% oesten %
Smoking n (%) 542(39.3) 738(23.5) 0.000 (1.85.61—2.3410) 0.000 (1'4:'26_1?976) 0.000
Alcohol n (%) 601(43.6) 1050(33.5) 0.000 (1.3‘1.75—?746) 0.000 (0.82.99—??172) 0.976
TNs n (%) 542(39.3) 1035(33.0) 0.000 (1.1;.23—1%498) 0.000 (1.0352_;1413) 0.007
MS n (%) 277(20.1) 340(10.8) 0.000 (1.7;?;6457) 0.000 (1.05.23—1.3665) 0.007

ALT - alanine aminotransferase; AST — aspartate aminotransferase; BMI — body mass index; FPG - fasting plasma glucose; FT, — free
trilodothyronine; FT, — free thyroxine; HDL-C — high-density lipoprotein cholesterol; LDL-C - low-density lipoprotein cholesterol;

MS — metabolic syndrome; OR — odds ratio; Scr — serum creatinine; TC — total cholesterol; TG — triglyceride; TNs — thyroid nodules;
TSH - thyrotropin; UA — uric acid.
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Table 2. Baseline features and independent risk factors in colorectal adenoma.

Univariate analysis

Multivariate analysis

Basic information Adenomas Non-adenoma P
(1379) (3135) value OR (95%CI)

Age (years) (455_259) 46(40-53) 0.000 (1.041;:?.3062) 0.000 (1.041;:’.()-?5065) 0.000

Sex (Male) (75;).72) 2293(59.7) 0.000 (1.7(2);)(2;.8468) 0.000 (1'331,'37_2.7395) 0.000
MW wh  mesn O™ e % e 0%
TEmO esrem  wesey O™ aowiie) %% oseim 0%
O Goea ety O™ gomiuy %% emiie 077

HDL-C (mmol/L) Bl L2 0.000 (0.43;56—(1).9806) 0.000 (0.6;.5??.5718) 0.729

R (1.0(1).11—?.1210) g (0.725???548) 0D

TSH (miU/L) (1.015-623.35) (1.115-621.34) oy (0.9(2);19-1.6031) ek - -

A (el (10.l 11-i22.3) (10.121-i22.3) 0.679 (0.9259-?.3020) 0.361 - -

FT, (pmol/L) bose  @ss O ogsrop 008 - -
POMD asy sy %% gosaan 0% gowios O
A ey ess %m0 ey O
Sa (sl (597-(;8) (556-676) 0.000 (1.01 .1(31.7023) 0.000 (0.952()-29009) 0.925
IO a9 gesw O™ Gomron % wero O
U0 oy @y %2 gmeres %% oo %7
SIS0 () (3275,‘;) (12?76) 0.000 (1.3;.76—?9969) 0.000 (1.0263-?.2599) 0.012
Hlisefiel o (2] (:5?;) (1335%1) ALY (1.3:.75—?833) Ry (0.9;51-?.2457) hedd
Ve 0 ) (jg.é;) (1333(.)93) g2 (1.1;33-?577) A (1.0362-(1).6445) R
T 208 G 0% (agaasy 090 Ty 0040

ALT - alanine aminotransferase; AST — aspartate aminotransferase; BMI — body mass index; FPG - fasting plasma glucose; FT, — free
trilodothyronine; FT, — free thyroxine; HDL-C — high-density lipoprotein cholesterol; LDL-C - low-density lipoprotein cholesterol;

MS — metabolic syndrome; OR — odds ratio; Scr — serum creatinine; TC — total cholesterol; TG — triglyceride; TNs — thyroid nodules;
TSH - thyrotropin; UA — uric acid.
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Table 3. Interaction between thyroid nodules and metabolic syndrome.

Total Colorectal polyps

Grenp number

1.513
G2 1369 433 (1.302-1.758)
1.688
4 1
63 09 68 (1.354-2.103)
G4 208 109 3.031

(2.262-4.062)

Colorectal adenomas

1.411
0.000 211 (1.165-1.709) 0.000
1.373
.02
0.000 76 (1.040-1.813) 0.025
0.000 63 2894 0.000

(2.099-3.990)

G1 - TNs(-)MS(-); G2 — TNs(+)MS(-); G3 — TNs(-)MS(+); G4 — TNs(+)MS(+); MS — metabolic syndrome; OR — odds ratio (adjusted for

sex and smoking); TNs — thyroid nodules.

3.0 4
Il Common reference category
[ Thyroid nodules

2.5 - HMetS

[ Thyroid nodules and MetS
2.0

Figure 1. Relative risk with contributions from different exposure
categories marked.

studies have reported a higher prevalence of colorectal adeno-
ma in patients with MS [12,20,21], but the molecular mecha-
nisms remain to be delineated. Given that MS usually devel-
ops as a result of overconsumption of food, some studies have
postulated that excessive energy intake exceeds the storage
capacity of adipose and muscle tissue, leading to metabolic
stress. This then activates inflammatory signaling cascades and
increases the production of cytokines, causing chronic low-
grade inflammation in the body and resulting in insulin resis-
tance [22,23]. Furthermore, insulin resistance and increased
insulin levels lead to an increase in the levels of free insu-
lin-like growth factor-1 (IGF-1) and a decrease in insulin-like
growth factor binding proteins-3 (IGFBP-3) [24]. These altera-
tions may mimic the dynamic imbalance of growth hormone
and IGF1, which may potentiate the development of precan-
cerous lesions such as colorectal adenomas [25].

In the study by Duran et al [16], the incidence of TNs was
significantly higher in patients with colorectal polyps, which

were significantly associated with age, BMI, metabolism-re-
lated diseases, and so forth [26]. Insulin resistance has also
been considered to affect the pathogenesis of TNs [27-29].
Other risk factors, including waist circumference, HDL, and
impaired fasting blood glucose levels, have also been associ-
ated with TNs [30,31].

Moreover, evidence has revealed not only a reciprocal rela-
tionship of causality between TNs and MS but has also shown
that TNs can be independent of MS and insulin in the patho-
genesis of colorectal polyps through other common mecha-
nisms [17]. This finding warrants further studies to explore
an independent pathway for TNs in potentiating the develop-
ment of colorectal polyps. The purpose of the current study
was to verify the potential combined effects of TNs and MS.

After adjusting for confounding factors, we confirmed that
TNs and MS are associated with an increased incidence of
colorectal polyps/adenomas. Furthermore, the incidence of
colorectal polyps or colorectal adenomas was the highest in
patients with TNs and MS (OR: 3.031 and 2.894, respective-
ly). Compared with other groups, the difference was statisti-
cally significant (P<0.05). Also, our study was the first to our
knowledge to demonstrate an additive effect of TNs and MS
among patients with colorectal adenoma. Compared with pa-
tients without TNs and MS, patients with both TNs and MS
had a risk of colorectal adenoma that was 1.111 times high-
er, and the combined effect of these disorders was associat-
ed with 38.4% of patients with colonic adenomas. Therefore,
these findings suggest that TNs may further increase the risk
of colorectal adenomas in patients with MS. In addition, af-
ter controlling for the confounding factors, we found that
the ORs of patients with both TNs and MS were higher for
adenomatous polyps (OR=2.894), nonadenomatous polyps
(OR=1.732), polyps number=1 (OR=1.997), polyps number
>2 (OR=2.598), and the size of polyp <5 mm (OR=2.043) and
5-10 mm (OR=2.695), compared with those of other groups.
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Table 4. Stratified analysis.
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Polyp-free 1859 936 241 99
Adenomaous 324 211 76 63
polyps
Non-adenomaous 345 223 93 46
polyps
Number
1 356 231 92 52
>2 313 202 76 57
Size (mm)
<5 441 278 110 64
5-10 194 121 47 39
>10 34 34 11 6

0.661* 0.592* 0.330*
(0.569-0.768) (0.475-0.738) (0.246-0.442)
1.411* 1.373* 2.894*
(1.165-1.709) (1.040-1.813) (2.099-3.990)
1.389* 1.666* 1.732*

(1.220-2.458)

1.349* 1.628* 1.997*
(1.123-1.622) (1.255-2.110) (1.429-2.790)
1.455* 1.387* 2.598*

1.372* 1.545* 2.043*
(1.155-1.628) (1.209-1.973) (1.490-2.801)
1.309* 1.395 2.695*
(1.028-1.667) (0.993-1.960) (1.842-3.942)
2.127* 1.790 2.100

(1.308-3.461) (0.897-3.574) (0.870-5.068)

N1 — number of people in group 1; N2 — number of people in group 2; N3 — number of people in group 3; N4 — number of people in

group 4 (adjusted for sex and smoking). * P<0.05.

The stratified analysis confirmed that patients with both dis-
orders had a higher risk of colonic polyps, especially adeno-
matous polyps and multiple polyps.

There were several limitations to this study. First, it was a sin-
gle-center study and therefore requires validation based on
multicenter data. Also, this study included a specific patient
population with data on physical examination and adopted a
regression analysis, which inevitably incurred a selection bias.
Finally, ultrasonic imaging was used to detect TNs, but some
patients might have potentially cancerous TNs and should un-
dergo a biopsy to reduce the selection variation [32,33]. In fu-
ture studies, TNs can be classified by the size and the effect
of TNs on the occurrence of colonic polyps in subgroup anal-
ysis. In addition, patients with colorectal cancer can be eval-
uated further regarding the association with TNs and MS as
risk factors in carcinogenesis.

Conclusions

In conclusion, TNs and MS have been established as indepen-
dent risk factors for colorectal polyps and colorectal adeno-
mas. Meanwhile, TNs and MS have superimposed effects on
the occurrence of colorectal adenomas. Therefore, patients
with both TNs and MS should be offered a screening colo-
noscopy as a high-risk group in accordance with colonosco-
py guidelines [34].
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