
Observational Study Medicine®

OPEN
The relationship of nonalcoholic fatty liver
disease and metabolic syndrome for
colonoscopy colorectal neoplasm
Shuang Pan, MD, Wandong Hong, MD, Wenzhi Wu, MD, Qinfen Chen, MD, Qian Zhao, MD,
Jiansheng Wu, MD, Yin Jin, MD

∗

Abstract
Colorectal neoplasm is considered to have a strong association with nonalcoholic fatty liver disease (NAFLD) and metabolic
syndrome (MetS), respectively. The relationship among NAFLD, MetS, and colorectal neoplasm was assessed in 1793 participants.
Participants were divided into 4 groups based on the status of NAFLD and MetS. Relative excess risks of interaction (RERI),
attributable proportion (AP), and synergy index (SI) were applied to evaluate the additive interaction. NAFLD and MetS were
significantly correlated with colorectal neoplasm and colorectal cancer (CRC), respectively. The incidence of CRC in NAFLD (+) MetS
(+) group was significantly higher than other 3 groups. The result of RERI, AP, and SI indicated the significant additive interaction of
NAFLD andMetS on the development of CRC. NAFLD andMetS are risk factors for colorectal neoplasm and CRC, respectively. And
NAFLD and MetS have an additive effect on the development of CRC.

Abbreviations: AP = attributable proportion, BMI = body mass index, CRC = colorectal cancer, DBP = diastolic blood pressure,
HDL = high-density lipoprotein, MetS =metabolic syndrome, NAFLD = nonalcoholic fatty liver disease, RERI = relative excess risk,
SBP = systolic blood pressure, SI = synergy index.
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1. Introduction

Colorectal cancer (CRC) is one of the most common cancers in
the world, and studies suggested that the colorectal neoplasm in
Asia has been increasingly prevalent over recent decades.[1]

Moreover, CRC is one of the top leading causes of cancer-related
deaths and also causes the low quality of life for survivors in the
China.[2,3] It is widely accepted that colonoscopy is the first
choice to diagnose and detect the CRC in common population,[4]

which can significantly lower incidence and mortality of CRC.[5]

However, people lacking the symptoms and risk factors usually
do not undergo the examination because of the relatively high
cost, especially in some developing countries. Thus, identifying a
high-risk population has been an emergent event.
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Nonalcoholic fatty liver disease (NAFLD) is defined as an
accumulation of fat in the liver, and it is one of the most common
chronic liver diseases in developed countries with certainly
increasing speed.[6,7] NAFLD is a well known contributor to the
development of the colorectal neoplasm.[8] Metabolic syndrome
(MetS) is a disease composed of different metabolic derangements
including central obesity, hypertension, hyperglycemia, dyslipi-
demia, and so on. In addition, MetS has also been proved to
increase the risk of developing colorectal neoplasm.[8] There are
several studies researching the association of NAFLD, MetS, and
colorectal neoplasm, but few studies concentrate on the
interactive effect of NAFLD and MetS on colorectal neoplasm.
Therefore, the present study aims to investigate the combined
effect of NAFLD and MetS on the development of colorectal
neoplasm.
2. Patients and methods

The present study enrolled participants who accepted colonos-
copy and other routine health status check up in our hospital
from January 2011 to November 2015. Colorectal neoplasm
includes benign neoplasm and malignant neoplasm, and the
benign neoplasm included low- and high-grade adenomatoid
polyp. Then the malignant neoplasm was defined as high-
differentiated, middle-differentiated, and low-differentiated co-
lorectal adenocarcinoma. At the beginning of the study, a total of
2241 participants were enrolled. Among these participants, 448
were excluded because of different reasons: 14 for incomplete
colonoscopy, 13 for a history of polypectomy, 4 for inflammatory
bowel disease, 30 for a history of cancer including CRC and other
organs, 80 for viral hepatitis, and 307 for alcohol consumption
>20g/d. Finally, the study population consisted of 1793
participants. The present study was approved by the Ethics
Committee of the First Affiliated Hospital of Wenzhou Medical
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University, and informed consent was obtained from every
subject.
2.1. Patients’ basic characteristics and laboratory
measurements

Information on medical history, current use of medications,
alcohol consumption, and family medical history were obtained
by a standard questionnaire. Trained nurses measured the height
and weight of all participants. Subject only wears a lightweight
hospital gown and no shoes when measuring the height and
weight. The body mass index (BMI) was calculated as kg/m2.
Blood pressure was measured in rest state with a standard
mercury sphygmomanometer.
Laboratory assay and measurements including alanine ami-

notransferase, aspartate aminotransferase, creatinine, platelet,
hemoglobin, total cholesterol, low-density lipoprotein cholester-
ol, high-density lipoprotein (HDL) cholesterol, triglycerides, and
other related blood tests were performed for all the participants.
2.2. Colonoscopy

Colonoscopy was performed by experienced endoscopists with at
least 5-year experience. Following 4L polyethylene glycol lavage
solution as bowel preparation, colonoscopy was performed on
each subject. A complete examination was noted only if an
endoscope reached the cecum, and otherwise it was regarded as
incomplete examination. All the lesions were proven by biopsy.
The differentiation of neoplasm was categorized as low-grade
adenomatoid polyp, high-grade adenomatoid polyp, high-
differentiated colorectal adenocarcinoma, middle-differentiated
colorectal adenocarcinoma, and low-differentiated colorectal
adenocarcinoma.[9]
2.3. Definition of NAFLD and MetS

All the participants routinely underwent hepatic ultrasonography
scanning (Siemens; Munich, Germany) by experienced radiol-
ogists who were blinded to the result of colonoscopy. Exception
of viral hepatitis, cirrhosis, liver cancer or other liver disease, and
excess alcohol consumption, participants meeting specific
ultrasonographic features including hepatomegaly, diffusely
increased echogenicity of liver parenchyma, and blurring of
vasculature were diagnosed as NAFLD.[10]

For MetS criteria, we utilized the guideline as proposed by the
Diabetes Society of Chinese Medical Association in 2004. The
MetS was defined as presence of equal or more than 3 of the
following components: BMI≥25kg/m2, antihypertensive drug
administration and (or) systolic blood pressure (SBP) ≥140mm
Hg or diastolic blood pressure (DBP) ≥90mm Hg, triglyceride≥
1.7mmol/L and (or) HDL<0.9mmol/L (male), <1.0mmol/L
(female), and fasting plasma glucose ≥6.1mmol/L or 2-hour
postprandial glucose ≥7.8mmol/L.
2.4. Statistical analysis

The statistical analysis was performed with the SPSS 19.0 (SPSS,
Chicago, IL). The statistical results are presented as the mean±
standard deviation or percentages. Independent sample Student t
test was used for continues variables and Chi-squared for
categorical variables. The relationship of MetS and NAFLD with
the presence of colorectal neoplasm or CRC was assessed,
respectively, by multiple logistic regression analysis after
2

adjustment for confounder variables, and the MetS-related
factors including BMI, SBP, DBP, triglycerides, HDL, and fasting
glucose were excluded even when they were significant in
univariate analysis. Each odds ratio (OR) is presented together
with its 95% confidence interval (CI). P<0.05 was considered
statistically significant.
In addition, logistic regression analysis was also performed to

estimate the probability of the presence of colorectal neoplasm
and the 95%CI for each risk factor category stratified byNAFLD
and MetS, adjusting for age and sex. Meanwhile, the relative
excess risk (RERI), attributable proportion (AP), and the synergy
index (SI) were utilized to evaluate the interactive effect of
NAFLD and MetS on the presence of colorectal neoplasm. The
RERI evaluates the excess risk attributed to interaction relative to
the risk without exposure. AP is used to measure the AP of the
colorectal neoplasm, which was caused by an interactive effect in
patients exposed to those 2 factors. In addition, SI represents the
excess risk from exposure to those 2 factors when there is a
biological interaction relative to the risk from exposure to both
without interactive effect. When there is no additive interaction,
RERI and AP include 0 or S includes 1. In addition, RERI>0,
AP>0, or S>1 is considered to have biological interaction.[11]
3. Result

Among the 1793 subjects in the present study, 341 subjects
(19.0%) were diagnosed as colorectal neoplasm, 27 subjects
(1.5%) as CRC, 573 subjects (32.0%) as NAFLD, and 262
subjects (14.6%) as MetS. Compared to participants with or
without colorectal neoplasm in Table 1, the subjects with
colorectal neoplasm were more likely to be men and had higher
BMI, SBP, triglyceride, fasting glucose, alanine transaminase
(ALT), uric acid, and the presence of NAFLD andMetS. Then the
multivariate analyses, adjusting with sex, age, ALT, and uric acid,
were applied to further evaluate the relationship among NAFLD,
MetS, and colorectal neoplasm. The result showed that NAFLD
andMetS were still risk factors for colorectal neoplasm (95%CI,
1.352–2.871; OR, 2.113; P=0.001 and 95% CI, 1.262–2.227;
OR, 1.781; P=0.001). Then we also evaluated the relationship
among NAFLD, MetS, and CRC with univariate analysis,
followed bymultivariate analysis in Table 2.With the adjustment
of age and sex, multivariate analysis indicated that NAFLD
and MetS were also independent factors for CRC (95% CI,
1.289–3.217; OR, 2.164; P=0.005 and 95% CI, 1.258–2.994;
OR, 2.101; P=0.001).
3.1. The potential interactive effect of NAFLD and MetS
on colorectal neoplasm

The patients were divided into 4 groups basing on the status of
NAFLD and MetS in Table 3, including NAFLD (�) MetS (�),
NAFLD (�) MetS (+), NAFLD (+) MetS (�), and NAFLD (+)
MetS (+) groups. The result showed that the probabilities of
colorectal neoplasm in NAFLD (�) MetS (+), NAFLD (+) MetS
(�), and NAFLD (+) MetS (+) groups were greater than that in
NAFLD (�) MetS (�) group after adjusting for age and sex.
However, the incidence of colorectal neoplasm had no difference
among NAFLD (�) MetS (+), NAFLD (+) MetS (�), and NAFLD
(+) MetS (+) groups (P=0.796, 0.336, and 0.667). The similar
preliminary result was observed among NAFLD, MetS, and
CRC, and the probability of CRC in 3 groups was also higher
compared with that in NAFLD (�) MetS (�) group. Further-
more, the incidence of CRC in NAFLD (+) MetS (+) group was



Table 1

Univariate and multivariate analysis of the patients with or without colorectal neoplasm.

Characteristics

Multivariate analysis

With neoplasm Without neoplasm P OR (95% CI) P

Total number 341 (19.0) 1452 (81.0)
Age, y 50.07±11.45 49.52±14.86 0.643
Sex (male) 245 (71.8) 911 (62.7) 0.002

∗
1.347 (1.031–1.784) 0.021

∗

BMI, kg/m2 25.96±3.32 22.96±3.49 0.000
∗

SBP, mm Hg 125.18±21.9 118.96±22.81 0.005
∗

DBP, mm Hg 75.16±10.28 74.13±9.23 0.814
TC, mmol/L 4.84±1.18 4.69±1.13 0.654
Triglycerides, mmol/L 2.14±1.87 1.71±1.75 0.000

∗

HDL, mmol/L 1.22±0.385 1.21±0.448 0.891
LDL, mmol/L 2.61±1.11 2.57±0.98 0.816
Fasting glucose, U/L 6.22±3.21 5.81±3.22 0.014

∗

Hemoglobin, g/L 123.1±33.1 121.2±27.1 0.146
Platelet, g/L 224.4±83.6 22.5±87.2 0.923
AST, U/L 29.4±10.1 27.7±11.2 0.120
ALT, U/L 34.7±15.6 26.1±17.1 0.000

∗
1.007 (0.841–1.027) 0.092

Uric acid, mmol/L 323.2±92.1 291.2±88.1 0.021
∗

1.316 (1.120–1.701) 0.028
∗

Creatinine, lmol/L 70.4±49.1 67.1±42.2 0.109
NAFLD 144 (42.2) 429 (29.5) 0.000

∗
2.113 (1.352–2.871) 0.001

∗

Metabolic syndrome 65 (19.1) 197 (13.6) 0.010
∗

1.781 (1.262–2.227) 0.001
∗

Data are expressed as mean± standard deviation and n (%). ALT = alanine transaminase, AST = aspertate aminotransferase, BMI = body mass index, CI = confidence interval, DBP = diastolic blood pressure,
HDL = high-density lipoprotein, LDL = low-density lipoprotein, NAFLD = nonalcoholic fatty liver disease, OR = odds ratio, SBP = systolic blood pressure, TC = serum total cholesterol.
∗
Represent the P value �0.05.
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significantly higher than NAFLD (�) MetS (+) and NAFLD (+)
MetS (�) groups (P=0.038 and 0.001).
The RERI, AP, and SI for evaluation of the interaction between

MetS and NAFLD for the risk of colorectal neoplasm were 0.123
(95% CI, �0.128 to 0.481), 0.019 (95% CI, �0.265 to 0.251),
and 1.284 (95% CI, 0.922–3.187). There was no significant
combined effect among NAFLD, MetS, and colorectal neoplasm,
Table 2

Univariate and multivariate analysis of the patients with or without C

Characteristics With CRC Without CRC

Total number 27 (1.5) 1767 (98.5)
Age, y 55.57±9.45 49.02±10.76
Sex (male) 20 (74.1) 1136 (64.3)
BMI, kg/m2 25.76±3.34 23.56±3.79
SBP, mm Hg 113.18±22.9 116.86±23.80
DBP, mm Hg 76.76±11.28 74.33±16.33
TC, mmol/L 4.69±1.28 4.60±1.33
Triglycerides, mmol/L 2.07±1.87 1.94±1.65
HDL, mmol/L 1.21±0.35 1.10±0.45
LDL, mmol/L 2.50±1.01 2.59±0.88
Fasting glucose, U/L 6.42±2.91 6.01±3.21
Hemoglobin, g/L 118.1±34.1 122.2±37.1
Platelet, g/L 224.5±84.6 222.3±88.2
AST, U/L 30.3±11.2 28.1±10.5
ALT, U/L 34.4±10.0 32.7±11.5
Uric acid, mmol/L 318.2±91.1 300.1±92.6
Creatinine, lmol/L 69.1±50.1 68.2±46.1
NAFLD 14 (51.9) 559 (31.6)
Metabolic syndrome 8 (29.6) 254 (14.4)

Data are expressed as mean± standard deviation and n (%). ALT = alanine transaminase, AST= aspertate
diastolic blood pressure, HDL = high-density lipoprotein, LDL = low-density lipoprotein, NAFLD = nonalcoh
∗
Represent the P value �0.05.
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because RERI and AP included 0 or S included 1. In term of CRC,
RERI was 3.313 (95% CI, 1.218–9.222), which indicated that
there was a strong additive interaction between NAFLD and
MetS on the presence of CRC, and there would be 3.313 RERI
that was contributed by the additive interaction. AP was 0.713
(95% CI, 0.255–0.912), suggesting that 71.3% CRC exposed to
the 2 risk factors was caused by the additive interaction of
RC.

Multivariate analysis

P OR (95% CI) P

0.013
∗

1.104 (1.031–1.447) 0.029
∗

0.292
0.103
0.643
0.614
0.854
0.312
0.819
0.916
0.032

∗

0.192
0.923
0.211
0.321
0.211
0.768
0.025

∗
2.164 (1.289–3.217) 0.005

∗

0.026
∗

2.101 (1.258–2.994) 0.001
∗

aminotransferase, BMI = body mass index, CI = confidence interval, CRC = colorectal cancer, DBP =
olic fatty liver disease, OR = odds ratio, SBP = systolic blood pressure, TC = serum total cholesterol.
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Table 3

Analysis of the risk for colorectal neoplasm and CRC by NAFLD and MetS status.

Total number
Colorectal neoplasm CRC

Total case OR (95% CI) P P Total case OR (95% CI) P P

NAFLD (�) MetS (�) 1137 181 (15.9) 1.0 2 (0.2) 1.0
NAFLD (�) MetS (+) 83 21 (25.3) 1.161 (1.074–1.468) 0.011

∗
0.796† 2 (2.4) 2.132 (1.006–3.684) 0.016

∗
0.038†

NAFLD (+) MetS (�) 394 91 (23.1) 1.301 (1.012–1.616) 0.036
∗

0.336‡ 6 (1.5) 1.945 (1.096–2.732) 0.041
∗

0.001‡

NAFLD (+) MetS (+) 179 48 (26.8) 1.681 (1.107–2.104) 0.002
∗

0.667x 17 (9.6) 5.632 (2.712–10.621) 0.001
∗

0.633x

Data are expressed as mean± standard deviation and n (%). CI = confidence interval, CRC = colorectal cancer, MetS = metabolic syndrome, NAFLD = nonalcoholic fatty liver disease, OR = odds ratio.
∗
Represent the P value �0.05.

† P value represents NAFLD (+) MetS (+) versus NAFLD (�) MetS (+).
‡ P value represents NAFLD (+) MetS (+) versus NAFLD (+) MetS (�).
x P value represents NAFLD (�) MetS (+) versus NAFLD (+) MetS (�).

Pan et al. Medicine (2017) 96:2 Medicine
NAFLD and MetS. In addition, SI was 2.134 (95% CI,
1.122–7.897).
4. Discussion

This study aimed to investigate the potential interactive effect of
NAFLD and MetS on the colorectal neoplasm. The influence of
NAFLD or MetS on colorectal neoplasm was investigated,
respectively, in the recent years. The NAFLDwas found to have a
strong association with colorectal neoplasm even with
CRC.[12–14] Stadlmayr et al[15] collected data from 1382
consecutive Caucasians and found that NAFLD was an
independent factor for early CRC. Lin et al[16] investigated
2858 patients and found that NAFLD was a risk factor for CRC.
In term of MetS, previous studies also have reported that MetS
was a risk factor for colorectal neoplasm.[12,17–19] Ahmed et al[20]

investigated a large size of participants including 14,109
individuals and found that MetS had a positive association with
incidence of CRC.[19] As there is a close association between
NAFLD and the various component features of the MetS,
including abdominal obesity, insulin resistance, dyslipidemia,
and so on, NAFLD is often considered the hepatic manifestation
of the MetS. Especially, insulin resistance was considered the
critical linkage of NAFLD andMetS. However, it was found that
NAFLD can occur independently of insulin resistance and the
MetS.[21–23] Apart from this, there is also evidence for not only
reciprocal causality between these 2 disease states, but also each
acting as a perpetuating or exacerbating factor for the other, and
therefore there is an apparent disconnection or dissociation
between them.[24] In addition, there are other studies that have
found the synergistic effect of NAFLD and MetS on the prostate
gland and subclinical atherosclerosis.[25,26] Thus, the aim of the
present study is to investigate the potential combined effect of
NAFLD and MetS on colorectal neoplasm.[36–39]

The present study primarily found that NAFLD andMetS were
independently associated with an increased frequency of both
colorectal neoplasm and CRC with adjustment for confounders.
Then the result showed that patients with NAFLD andMetS had
the highest incidence of CRC with the greatest value of OR
compared to other groups. The further results showed that there
was a strong additive interaction of NAFLD and MetS on the
presence of CRC. The patients with NAFLD and MetS were
associated with a 3.313 times higher increased risk of CRC
compared with those who had no NAFLD or MetS. Therefore,
the increased risk of CRC prompted by the presence of NAFLD
and MetS was significantly more than the interaction attributed
to the either only NAFLD or MetS. Thus, this significant additive
interaction indicates that MetS might attribute an extra risk of
4

CRC for patients who also have NAFLD. To our knowledge,
there is no prior study that focuses on the interactive effect of
NAFLD and MetS on CRC. Hwang et al[12] suggested that
NAFLD (+) MetS (+) group had a greater risk of colorectal
adenomatous polyps than other groups because of the little
higher OR value compared with other groups, but they did not
research the CRC patients.
Currently, the mechanisms between the individual factor of

NAFLD or MetS and colorectal neoplasms have not been clearly
understood. It is well known that NAFLD represents a condition
of profound insulin resistance, including increased insulin and
insulin-like growth factor, which may promote the development
of colorectal neoplasm via their proliferative and antiapoptotic
effects.[27–30] It is widely accepted that NAFLD patients have
adipocytokines metabolism disorders, which was considered to
influence the development of the colorectal neoplasm.[28,29,31–34]

In addition, inflammatory cytokines may also play a critical role
in the NAFLD inducing colorectal neoplasm.[35] When it comes
to the relationship between MetS and colorectal neoplasm, the
reasonable explanation is that dysregulation of growth signals,
inflammation cytokines, and vascular integrity factors may
mediate the relationship and finally prompt tumorigenesis.[36]

Our study found the additive effect of NAFLD and MetS on
CRC, and we hypothesized the potential mechanism as follows.
Inflammation is the important mechanism underlying the
pathophysiology both for MetS and NAFLD, so it may be a
critical role in the synergistic effect on CRC. Specifically, the
mechanism may include the release of free fatty acids and other
inflammatory mediators by the adipose tissue.[37] Furthermore,
adipocytes also secrete monocyte chemotactic protein-1 that
attracts macrophages and causes local inflammation as well as
the release of further cytokines powering this system.[38]

Inflammation has been proved as an important risk factor for
the development of CRC.[39,40] Consequently, the presence of
NAFLD and MetS in meantime may increase the risk of
development of CRC. However, the mechanism by which the
NAFLD and MetS cause local inflammation in colorectum needs
to be further studied.
The present study also had several limitations. First, the cross-

sectional study design may not provide evidence to explain the
potential mechanism of the combined interaction of NAFLD and
MetS on the presence of CRC. Second, it is a retrospective study,
so there may have been a selection bias. Third, NAFLD in our
study is based on ultrasound imaging examination that is the
most prevalent method of diagnosing NAFLD in clinical practice.
Then, the number of CRC patients is relatively small and the
study is a single-center research, so the result needs to be further
investigated in a multiple-center research with a large size of
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participants. Finally, this study does not evaluate the potential
interactive effect of NAFLD and MetS on the prognosis of CRC.

5. Conclusion

The present study suggests that NAFLD andMetS are risk factors
for increasing the risk of colorectal neoplasm and CRC,
respectively. In addition, MetS may increase the risk of CRC in
patients withNAFLD. Thus, patientswith bothNAFLDandMetS
are recommended to undergo colonoscopy examination regularly.
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