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Abstract
Background Colorectal cancer is associated with lifestyle characteristics such as diet, physical inactivity, obesity, and
smoking, but these are not incorporated in screening recommendations. Moreover, the joint association of these factors with
various colorectal polyps is not established.
Methods A case–control study, among consecutive subjects aged 40–70 years, undergoing colonoscopy. Cases with col-
orectal polyps were compared with controls. Detailed information was gathered regarding polyp histology and anatomic
location, demographics, medical history, anthropometrics, and lifestyle. The healthy lifestyle index was estimated as the sum
of: non-smoking, maintaining a healthy weight, healthy diet, and physical activity.
Results A total of 788 participants were included (cases n= 403, controls n= 385). The healthy lifestyle index had a
negative association with colorectal polyps (OR= 0.72, 95% CI 0.62–0.85, P < 0.001), both adenomas and serrated polyps
(OR= 0.75, 0.64–0.89, and OR= 0.59, 0.44–0.79, respectively), and both proximal and distal adenomas (OR= 0.77,
0.62–0.95, and OR= 0.73, 0.59–0.90, respectively). Adherence to ≥ 2 healthy lifestyle components was strongly related
with colorectal polyps (OR= 0.50, 0.34–0.75, P= 0.001). Abstinence from smoking, and a healthy diet were the factors
most strongly associated with lower odds of colorectal polyps (OR= 0.58, 0.42–0.79, and OR= 0.61, 0.44–0.85,
respectively).
Conclusions Adherence to a healthy lifestyle (≥2 healthy lifestyle components) is inversely associated with colorectal
polyps, especially serrated and distal polyps, with no dose–response association. Components most strongly associated with
lower odds of colorectal polyps were maintaining a healthy diet and abstinence from smoking. Lifestyle-related char-
acteristics may assist in risk stratification and are potential goals for colorectal neoplasia prevention.

Introduction

Colorectal cancer (CRC) is a multifactorial disease, result-
ing from genetic and environmental factors. The malignant

transformation of colonic epithelial cells is hypothesized to
occur as a result of both prolonged exposure to environ-
mental modifiable risk factors, and an inherited genetic
predisposition, which can lead to the development of ade-
nomas and carcinomas [1]. Unhealthy eating habits [2, 3],
lack of physical activity (PA) [4, 5], obesity [6], abdominal
obesity [7], and cigarette smoking [8, 9] are among the
modifiable risk factors identified. In recent studies, smoking
has been established as a risk factor for CRC among various
populations [10–12], and has been suggested to be the
strongest predictor of CRC in a western, average risk
population [13]. Lack of PA has been linked with reduced
risk of CRC, by potentially increasing secretion of anti-
carcinogenic myokins such as interleukin-6, interleukin-8,
and tumor necrosis factor-α [14, 15], and by reducing
obesity. Obesity and abdominal obesity in turn, are both
acknowledged risk factors for many cancer types and CRC
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[16, 17]. The dietary factors most strongly associated with
colorectal neoplasia are high intake of red and processed
meat, and low intake of dietary fiber [18–20]. Plant-based
diets such as the Vegetarian and Mediterranean diets, which
are characterized by a high fiber and low heme-iron, N-
nitroso compounds and lipid peroxidation content [21, 22],
have been associated with lower risk of CRC [2, 3, 23].
Physical inactivity [5], diet [24, 25], excess body weight,
and smoking [26] have been found in previous studies to be
more strongly associated with CRC of the distal colon,
rather than the proximal colon [27, 28]. This may be
explained by the exposure to the content and variety of
microbiota, bile acids, and particular dietary factors, which
differs between the proximal and distal colorectum [29].
Sporadic proximal CRC differ from distal tumors in their
molecular profiling [30] that may suggests different inter-
action with these exposure factors.

Although the individual role of these lifestyle factors has
been investigated in CRC, little is known about their joint
effect on colorectal neoplastic occurrence. “Real-life”
behavior typically combines several of these exposures,
making lifestyle-related risk factors difficult to assess, and
personalized risk-stratification complex. Therefore, four
lifestyle characteristics (healthy diet, abstinence from
smoking, performance of PA and maintaining a normal
weight) have recently been combined by the American
Heart Association (AHA) to a healthy lifestyle index,
which has been shown to be associated with a lower risk
for the metabolic syndrome [31], cardiovascular disease
[32], and cancer [33], including CRC [34]. This association
is hypothesized to be mediated by insulin resistance (IR)
and low grade inflammation [35, 36]. As lifestyle char-
acteristics are associated with risk for IR and Diabetes
mellitus (DM) [37], and DM is an established risk factor for
colorectal neoplasia [38], it is unclear if a beneficial life-
style could potentially be associated with lower odds for
colorectal polyps within this high risk population. Also, the
association between the healthy lifestyle index and color-
ectal polyps, and polyp anatomical location has not been
studied yet. As colorectal polyps are the precursors of
CRC, and as this pathology may be progressive, estab-
lishing risk factors for this early stage in the carcinogenic
pathway could add to the understanding of the potential
means for efficient CRC prevention and contribute to per-
sonalized colonoscopy screening intervals. Therefore, we
aimed to (a) evaluate the association between overall
adherence to a healthy lifestyle index and colorectal polyps
of various types and anatomic locations; (b) examine the
independent association between healthy lifestyle index
components and colorectal polyps; (c) examine the mod-
ifying effect of pre-diabetes or diabetes in the relationship
between overall adherence to the healthy lifestyle index,
and colorectal polyps.

Materials and methods

A case–control study, among consecutive subjects aged
40–70 years, undergoing colonoscopy at the Department of
Gastroenterology and Hepatology at the Tel-Aviv Medical
center (TLVMC) during 2010–2015. The source population
for this study included all subjects undergoing colonoscopy
at a large tertiary referral center. We aimed to select a
population with minimal risk of genetic predisposition for
colorectal neoplasia so the impact of environmental risk
factors for CRC could be assessed. Exclusion criteria for
both cases and controls were: familial hereditary CRC
syndromes (such as Lynch and Familial polyposis syn-
dromes), personal history of CRC, first-degree family his-
tory of CRC below the age of 70, inflammatory bowel
disease, celiac disease, solid malignancy, hyperthyroidism,
past colectomy, recent hospitalization or surgery, preg-
nancy, chronic liver disease, or grade 4–5 chronic kidney
disease. Cases were further excluded for personal history of
colorectal polyps before the age of 40, or diagnosis of > 5
colorectal polyps (ever). In addition, controls were excluded
for any past colonic polyps. Participants with excessive
alcohol intake (≥ 30 g/day in men or ≥ 20 g/day in women),
positive hepatitis serology, or an unreasonable food fre-
quency questionnaire (FFQ) (total calories did not reach 500
or 800 kcal, or exceeded 3500 or 4000 kcal for women/men,
respectively) were also excluded.

The study protocol was approved by the Institutional
Review Board of the TLVMC, and all participants provided
informed consent prior to the study enrollment.

Definition of cases and controls

Polyp histology was reviewed by a gastrointestinal (GI)
pathologist, and classified as adenomatous or serrated
polyps (hyperplastic polyps and serrated adenomas).
Regarding cases with more than one polyp, polyp type, and
location were defined according to that with the highest
neoplastic potential. Polyp location was defined based on
International Statistical Classification of Diseases 10th
edition for CRC as proximal colon polyps (cecum, appen-
dix, ascending colon, hepatic flexure, transverse colon, and
splenic flexure) and distal colon polyps (descending and
sigmoid colon and rectum) [39]. Due to a small sample size,
serrated polyps were not sub-grouped according to location.

Data collection

Within 2 months after their colonoscopy, participants were
requested to undergo a medical interview, anthropometric
measurements, and blood tests, and answer questionnaires
on lifestyle and diet. Participant’s blood tests were obtained
following a 12-hour fast, and were analyzed at a single lab.
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Blood pressure, weight, height, hip, and waist cir-
cumference were measured using a uniform protocol. Body
mass index (BMI) was calculated as weight (kilograms)/
high (meters)2 [2]. Participants were face-to-face inter-
viewed for their medical history, demographic character-
istics, lifestyle, and dietary intake. Evaluation of dietary
intake was performed using a structured detailed semi-
quantitative FFQ, assembled by the Food and Nutrition
Administration of the Israeli Ministry of Health, validated
for the Israeli population [40], and composed of 116 food
items with specified serving sizes. Participants were asked
to report their average diet during the past year. Mean daily
intake was calculated for each food group and micro-
nutrient including sodium intake (mg/day).

Medical background was documented and positive DM
status (pre DM or DM) was defined as HbA1c > 5.7%/
Glucose ≥ 100 mg/dl/use of antidiabetic medication [41].

Definition of a healthy lifestyle and calculation of
the healthy lifestyle index

Four healthy lifestyle components from the strategic goals
of AHA [42, 43] were defined as follows: (1) lifetime
abstinence from smoking, (2) no current obesity (BMI <
30 kg/m2), (3) regular performance of strenuous physical
activity (running, biking, dancing, ball games etc.) at least
once weekly or moderate physical activity (walking on a
treadmill, body shaping, yoga, Pilates, resistance training
etc.) at least five times weekly. (4) A healthy dietary
pattern based on: consumption of an increased amount of
fruits (fresh whole fruit/1 cup fruit salad ≥ 3 portions/day),
nuts (0.5 cup of natural unsalted nuts and seeds/1 table-
spoon of nut or seed paste products ≥ 1 portions/day),
vegetables (fresh or cooked whole vegetables/1 cup of
chopped vegetables ≥ 3 portions/day), whole grains (one
slice of whole wheat bread/0.5 cup cooked whole grains
or whole-grain products ≥ 3 portions/day), fish (one ser-
ving fresh fish cooked, baked, or grilled ≥ 2 portions/
week), and dairy products (one cup of milk or yogurt/two
slices of hard cheese/two tablespoons of soft spreadable
cheese ≥ 2.5 portions/day), and a reduced amount of
refined grains (one slice of bread/half cup cooked grains
or grain products ≤ 1.5 portions/day), processed meat and
fish (one serving of any processed chicken, beef or fish/
smoked meat or fish/canned fish ≤ 1 portions/week),
unprocessed red meats (one serving fresh beef, veal, pork
products, and internal organs cooked, baked, and grilled ≤
1.5 portions/week), sugar-sweetened beverages (one cup
fruit juice/iced tea/non-diet soft drinks ≤ 1 portions/day),
and sodium (≤ 2000 mg/day).

A healthy diet score was calculated as the sum of all
components to which participants adhered, ranging from 0
to 11, and a value of ≥5 defined as a healthy diet pattern.

A healthy lifestyle index was calculated as the sum of all
four AHA lifestyle components to which participants
adhered and ranged from 0 to 4 points. Healthy lifestyle
index categories were defined as an unfavorable, inter-
mediate, and a favorable lifestyle; adherence to 0–1, 2, or
3–4 healthy lifestyle components respectively as previously
described [43].

Statistical analysis

All statistical analyses were performed using SPSS version
22.0 for Windows (SPSS Inc., Chicago, IL, USA). Con-
tinuous variables are presented as means ± SD and dichot-
omous variables as proportions. Pearson Chi-Square test was
used to test the association between categorical variables. As
all continuous variables distributed normally, these were
compared between study groups using the independent
samples t test. Multivariate logistic regression analysis was
used to test the association between lifestyle characteristics
and colorectal polyps, controlling for potential confounders
(variables that distributed differently between cases and
controls and may be related with lifestyle characteristics).
Adjustments were made also for potential mediators, meta-
bolic, and inflammatory markers, which are likely to be
influenced by lifestyle and are related with the outcomes.

P < 0.05 was considered statistically significant for all
analyses.

Results

Description of the study population and univariate
comparison between cases with colorectal polyps
and controls

The study population included 788 eligible participants
(mean age 58.8 ± 6.5 years, 52.7% men). A flowchart of the
included participants and study groups is described in Fig. 1.

Fig. 1 Flowchart of the study population. Proximal polyps—polyps in
the cecum, appendix, ascending colon, hepatic flexure, transverse
colon, and splenic flexure. Distal colon polyps—polyps in the des-
cending, sigmoid colon, and rectal polyps
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Among the total study population, the mean healthy
lifestyle score was 1.8 ± 1.04, whereas 37.2% were cate-
gorized as having an unfavorable lifestyle, 35.3% inter-
mediate lifestyle, and 27.5% favorable lifestyle.

A significant portion was treated with Statins (45.9%)
and Aspirin (32.5%), 61.9% were defined as pre-diabetic/
diabetic, and 73.2% had hypertension.

Comparison between cases with colorectal polyps and
controls is described in Table 1. Cases with colorectal

polyps were older, had a higher proportion of men and as
expected, had a higher proportion of surveillance colo-
noscopies. Though caloric intake and proportion of PA
performance were similar between cases and controls, cases
had a higher BMI, metabolic parameters such as fasting
serum HbA1C%, and TG/HDL ratio. Cases with colorectal
polyps had a significantly lower proportions of participants
who never smoked, were non-obese, and maintained a
healthy diet. The proportions of healthy lifestyle parameters

Table 1 Demographic and clinical characteristics and comparison between cases and controls

Controls
(n= 385)

Any polyp
(n= 403)

Polyp location Polyp type Adenoma location

Proximal
polyps
(n= 199)

Distal
polyps
(n= 204)

Adenomas
(n= 328)

Serrated polyp
(n= 75)

Proximal
adenoma
(n= 164)

Distal adenoma
(n= 164)

Age (years) 58.2 ± 6.7 59.3 ± 6.3* 60.2 ± 6.0** 58.6 ± 6.6 59.4 ± 6.3* 58.2 ± 6.7 60.5 ± 5.7** 58.7 ± 6.7

Gender (% male) 48.1 57.1* 55.1* 59.0* 58.0* 53.2 53.0 62.8*

Low socioeconomic
statusa (%)

6.9 7.6 6.2 9.0 8.5 4.1 7.5 9.3

1st degree family history of
CRCb (%)

7.0 10.7 14.2* 7.3 8.3 20.8** 12.3 4.3

Total calories (Kcal) 2017 ± 691 2035 ± 708 2012 ± 662 2057 ± 751 2062 ± 1080 2263 ± 1054 2018 ± 668 2016 ± 755

Colonoscopy indicationc

Screening (%) 59.5 38.0** 38.4** 37.6** 38.7** 35.1** 40.2** 37.2**

Alarming symptoms (%) 41.5 35.0 30.3 39.5 36.5 28.6 31.7 40.9

Surveillance (%) 0.0 27.0** 31.3** 22.9** 24.8** 36.4** 28.0** 22.0**

Medical background

Statins (%) 41.3 50.4* 51.5* 49.3 50.3* 50.6 52.4* 48.2

Aspirin (%) 27.5 37.2* 37.9* 36.6* 39.0* 29.9 39.0* 37.8*

NSAIDs (%) 1.6 0.7 1.0 0.5 0.3 2.6 0.0 0.6

Antihypertensive
medication (%)

33.5 44.6* 49.0** 40.5 45.4** 41.6* 49.4** 41.5

Pre DM/DMd 55.6 67.8** 70.8** 65.0* 66.9* 73.0** 70.3* 63.2

HbA1c% 5.8 ± 0.7 5.9 ± 0.7* 6.0 ± 0.7* 5.8 ± 0.7 5.9 ± 0.7* 5.9 ± 0.7 6.0 ± 0.7* 5.8 ± 0.7

TG/HDL ratio 2.2 ± 1.7 2.7 ± 2.1** 2.6 ± 2.2* 2.8 ± 2.0** 2.7 ± 2.2** 2.7 ± 1.5* 2.6 ± 2.3* 2.8 ± 2.1**

CRP (mg/dl) 3.3 ± 5.2 4.0 ± 6.0 3.0 ± 3.7 5.0 ± 7.4* 4.2 ± 6.4 3.5 ± 3.8 3.2 ± 3.9 5.1 ± 8.0*

Healthy lifestyle parameters

BMI (kg/m2) 27.8 ± 5.0 29.2 ± 5.6** 28.7 ± 4.8* 29.7 ± 6.3** 29.2 ± 5.4** 29.5 ± 5.4* 28.7 ± 4.8 29.6 ± 6.4**

Non obesee (%) 70.9 61.8* 64.1 59.9* 59.5* 60.4* 67.5 62.2*

Lifetime abstinence from
smoking (%)

52.2 39.0** 42.9* 34.3** 35.1** 41.4* 28.6** 43.9

PA performancef (%) 28.6 25.6 27.8 21.5 23.4 25.2 27.3 25.0

Healthy dietary
patterng (%)

53.0 42.4* 45.5 44.5* 39.5* 43.6* 37.7* 45.7

Healthy lifestyle indexh

(range 0–4)
2.3 ± 1.0 1.6 ± 0.8** 1.8 v ± 1.0* 1.5 ± 1.0** 1.7 ± 1.0** 1.6 ± 1.1** 2.0 ± 1.1 1.8 ± 1.2**

aLow socioeconomic status—categorized as the lowest quartiles of education and/or income
bFirst-degree family history of CRC below the age of 70
cColonoscopy indication—categorized as screening, colonoscopy for alarming symptoms (rectal bleeding, abdominal pain, change in bowel habits,
weight loss etc.) and surveillance (familial or personal history of colorectal polyps)
dPre DM/DM was defined as Hba1c > 5.7/Glu ≥ 100/use of antidiabetic medication
eNon obese—BMI < 30 kg/m2

fPA performance—performance of strenuous PA at least once weekly or moderate PA at least five times weekly
gHealthy dietary pattern—adherence to at least five characteristics of the AHA healthy diet characteristics
hHealthy lifestyle index characteristics—the sum of four healthy lifestyle factors from the strategic goals of the AHA—(1) Lifetime abstinence
from smoking, (2) non obesity, (3) PA performance (4) a healthy diet pattern

*P < 0.05, **P < 0.001, indicating the significance of the difference between cases and controls
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were specifically lower among cases with distal polyps,
distal adenomas and serrated polyps as compared with
controls (Table 1).

The proportion of participants with an unfavorable life-
style index was significantly higher among cases with
proximal polyps/adenomas, distal polyps/adenomas, and
serrated polyps as compared with controls (Fig. 2).

Multivariate association between the healthy
lifestyle index and colorectal polyps

In a multivariate analysis, adjusting for: age, gender, low
SES, colonoscopy indication, use of statins, aspirin, anti-
hypertensive, and antidiabetic medication, the healthy life-
style index was inversely associated with colorectal polyps,
including proximal and distal polyps and adenomas, and
serrated polyps. Additional adjustment for potential med-
iators: fasting serum HbA1C%, TG/HDL ratio, and C-
reactive protein (CRP), attenuated the association only with
proximal polyps or adenomas (Table 2).

Stratification by pre DM/DM status revealed negative
association between the healthy lifestyle index and color-
ectal polyps among both groups, although the associations
were stronger among participants without DM (Table 2).

Multivariate association between the number of
healthy lifestyle components and colorectal polyps

Adjusting for potential confounders, strong negative asso-
ciations were seen between adherence to ≥2 healthy lifestyle
components and colorectal polyps, compared with an
unfavorable lifestyle (Fig. 3). Additional adjustments for
potential mediating factors: fasting serum HbA1C, TG/
HDL and CRP levels, did not attenuate the association (OR
= 0.50, 95% CI 0.34–0.75, P= 0.001). There was no
apparent dose–response association between the number of
adhered healthy lifestyle index components and colorectal

polyps. Strong associations were seen between adherence to
≥2 healthy lifestyle components and lower odds of both
adenomas and serrated polyps.

Association between individual healthy lifestyle
components and colorectal polyps

Adjusting for various confounders and for each other, the
individual component of the healthy lifestyle index, which
were consistently associated with lower odds of colorectal
polyps were: lifetime abstinence from smoking and main-
taining a healthy diet. Strong negative associations were
seen with lower odds of both proximal and distal adenomas
and serrated polyps (Table 3).

Discussion

Lifestyle is a major modifiable exposure, extensively stu-
died in the context of chronic disease prevention, including
CRC [44]. As opposed to the evidence of the protective
association between healthy lifestyle and CRC, evidence
regarding an association with colorectal polyps is scarce
[45, 46]. Our study elaborates on this association by testing
the role of a healthy lifestyle as a whole, and its four
individual components, in colorectal neoplasia. As color-
ectal polyps are the precursors of CRC, they are an inde-
pendent target for endoscopic screening practices. Our
results show that a healthy lifestyle pattern is inversely
associated with both adenomas and serrated polyps, and
with both distal and proximal adenomas. The association
seems to be stronger with serrated polyps and distal color-
ectal adenomas. These associations are independent of
many confounding factors and some of the potential meta-
bolic and inflammatory mediators.

Proximal and distal colorectal polyps have been shown
to be independent of one another [47], and to differ in their
association with CRC [27]. Although traditionally distal
polyps have been considered more strongly linked to
environmental carcinogens [48], proximal polyps have been
linked to genetic background [49]. Conversely, our results
show that both distal and proximal polyps are associated
with lifestyle, even with adjustment for various potential
confounders. If these results will be confirmed in pro-
spective studies, it may imply that individuals with an
unfavorable lifestyle who have greater risk for colorectal
neoplasia, may benefit from screening colonoscopy instead
of flexible sigmoidoscopy, as some clinical guidelines
suggest [50].

Interestingly, a strong protective association with color-
ectal polyps, particularly distal colorectal adenomas, was
seen with adherence to merely two healthy lifestyle com-
ponents, which is a realistic goal for lifestyle modifications

Fig. 2 Adherence to the healthy lifestyle index across colorectal polyp
categories, compared with controls. Unfavorable lifestyle—0–1 heal-
thy lifestyle categories, intermediate lifestyle—2 healthy lifestyle
categories, Favorable lifestyle—3–4 healthy lifestyle categories
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as means of colorectal neoplasia prevention. If these results
are confirmed by large prospective studies, adherence to at
least two healthy lifestyle components may be set as a target
for prevention of the early stages of the colorectal carci-
nogenic pathway.

Of all four components of the healthy lifestyle index,
maintaining a healthy diet and abstinence from smoking
were most strongly associated with colorectal neoplasia,
with adjustment for many potential confounding factors and
for other lifestyle characteristics. Therefore, this study
supports an independent association of these lifestyle
behaviors with colorectal polyps, implying that they should
be in the focus of colorectal carcinogenesis prevention.
Association between the healthy lifestyle index compo-
nents, and colorectal polyps was strong for both adenomas
and serrated polyps, though to a greater extent with the
latter, similarly to previous studies [27, 28]. Indeed,
smoking has been demonstrated to be a strong risk factor for
serrated polyps [51], and neoplasia [52]. Furthermore, some
studies have shown that smoking may interact with red
meat, an important component of the AHA unhealthy diet,
synergistically increasing the risk for CRC [53]. Surpris-
ingly, there was no independent association between being
non-obese and performance of PA and colorectal polyps in
this study, though these have been shown by others to be
independently protective of colorectal neoplasia [5, 54]. A
possible explanation for this discrepancy may be the fact
that these previous studies did not adjust for smoking and
healthy eating.

As DM is an established risk factor for colorectal neo-
plasia [38], these associations were analyzed while strati-
fying by DM status. Our data suggest that adhering to a

Fig. 3 Adjusted association between the number of healthy lifestyle
index characteristics and colorectal polyps, compared with controls.
Unfavorable lifestyle—0–1 healthy lifestyle categories, intermediate
lifestyle—2 healthy lifestyle categories, Favorable lifestyle—3–4
healthy lifestyle categories. ORs are adjusted for: age, gender, low
SES, colonoscopy indication (screening, diagnostic, and surveillance),
use of statins, aspirin, antihypertensive, and antidiabetic medications
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healthy lifestyle can be protective from distal and serrated
colorectal polyps in patients with and without pre DM or
DM. Further adjustment for metabolic parameters, which
may act as mediators, attenuated the association among
participants with pre DM/DM, but not among participants
without pre DM/DM. This may imply that among patients
with pre DM/DM, the impact of healthy lifestyle is mainly
exerted through improved metabolic profile. Thus, this
study adds to the existing body of evidence and supports the
notion that maintaining a healthy lifestyle may be an
effective strategy for colorectal neoplasia prevention even
among metabolically high-risk populations.

The limitations of this study include the lack of temporal
sequence, which does not permit a causal inference. Reverse
causality should also be considered, though exposures were
evaluated as long-term habits. Cases and controls were
recruited from the same population and had comparable
socioeconomic characteristics, thus minimizing a potential
selection bias.

In terms of external validity, this study population was
intentionally selected to represent a population with low to
medium risk for colorectal polyp, thus our findings cannot
be generalized to high-risk populations. We had a relatively
high prevalence of chronic disease in this study population,
which may be attributed to the nature of a hospital-based
colonoscopy setting. We attempted to minimize a potential
confounding effect and elaborate on effect modification by
stratification across DM status, as this chronic condition is
highly associated with CRC. Nutritional data have been
collected within a single country, which may have impact
on the generalizability across populations with different
diets. Information bias, and particularly recall bias, on
lifestyle characteristics may exist, owing to the retrospective
nature of the study. This was minimized by a uniform
structured lifestyle and dietary questionnaire, which was
assessed in the same manner in cases and controls, to pre-
vent differential bias in participant’s reports owing to
interview or seasonal changes. Participants were blinded to
the study hypothesis, and owing to the fact that the asso-
ciation under investigation is not common knowledge, we
assume a potential report bias is most probably non-dif-
ferential, and may only weaken the strength of the observed
associations. Finally, regression dilution bias may exist as
data were gathered from a single measurement, which may
weaken the strength of the observed associations.

In conclusion, adherence to a healthy lifestyle pattern is
inversely associated with colorectal polyps, especially ser-
rated polyps and distal adenomas, among people with or
without pre DM/DM. Strong associations were seen with
adherence to at least two healthy lifestyle components, with
no apparent dose–response association. Adhering to as little
as two healthy lifestyle components may be a sufficient and
realistic goal for prevention of colorectal neoplasia, even in

populations with established risk factors such as obesity and
DM. The individual components most strongly associated
with lower odds of colorectal polyps were maintenance of a
healthy diet and abstinence from smoking, both are estab-
lished major goals for chronic disease prevention. In the era
of precision medicine, where individual risk stratification is
of high importance, the healthy lifestyle index can be easily
obtained and perhaps aid in the construction of personalized
CRC screening and surveillance recommendations.
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