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It is unclear whether dyslipidemia is associated with risk of colorectal neoplasia. The incidence of both conditions

is increasing in Asia, motivating a number of new studies from this region. We performed a systematic literature

search of Asian colonoscopy-based studies that collected blood lipid concentrations at the time of endoscopy. Per-

sons found to have colorectal adenomawere considered cases, and those found to beadenoma-freewere considered

controls. Seventeen studies published between 2000 and 2014 met inclusion criteria, collectively enrolling 17,387

cases and 30,427 controls. Mean differences and adjusted odds ratios were summarized with random-effects

meta-analyses. Compared with controls, cases had higher total cholesterol (mean difference (MD) = 2.4 mg/dL,

95% confidence interval (CI): 0.2, 4.6), higher low-density lipoprotein cholesterol (MD = 1.3 mg/dL, 95% CI: 0.1,

2.6), higher triglyceride (MD = 16.4 mg/dL, 95%CI: 11.2, 21.5), and lower high-density lipoprotein (HDL) cholesterol

(MD =−2.1 mg/dL, 95% CI: −2.7, −1.6) concentrations. Based on adjusted odds ratios, associations for 40-mg/dL-

higher triglyceride levels (odds ratio = 1.13, 95% CI: 1.05, 1.21) and 10-mg/dL-higher HDL cholesterol levels (odds

ratio = 0.96, 95% CI: 0.92, 1.00) achieved statistical significance. Persons with adenoma were more likely to have

unfavorable cholesterol profiles at the time of colonoscopy than those without adenoma. The most convincing

evidence for an association between dyslipidemia and colorectal neoplasia was observed for hypertriglyceridemia.

cholesterol; colonoscopy; colorectal adenoma; triglycerides

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein.

Dyslipidemia is a hypothesized risk factor for colorectal
adenomas (1, 2), common neoplastic lesions that can develop
into colorectal cancer (3–5). Several endoscopy studies of
adenomas have investigated, without complete consensus,
possible associations with blood concentrations of total cho-
lesterol, high-density lipoprotein (HDL) cholesterol, low-
density lipoprotein (LDL) cholesterol, or triglycerides. In a
meta-analysis of studies from the United States, Europe,
and Asia, Tian et al. (6) reported that higher levels of LDL
cholesterol, triglycerides, and total cholesterol were associ-
ated with higher adenoma prevalence, but with differences
by geographic region.

Both colorectal cancer incidence and dyslipidemia inci-
dence are increasing in Asia (7, 8), likely as a result of diet and
lifestyle changes (9, 10). Consequently, the number of recent
studies from Asia on this topic has also increased. In contrast,
many of the early endoscopy studies from the 1980s and 1990s

that focused onmetabolic exposures were conducted in Europe
(11–13) and the United States (14, 15). It has been challenging
in more recent studies in Western countries to assess the asso-
ciation between cholesterol levels and adenoma, given the
widespread use of lipid-controlling medications such as statins
(3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibi-
tors) (16). It remains unclear whether statin use is related to
the risk of developing colorectal adenomas (17–19). Such ev-
idence from Asian populations is lacking, primarily because
statins are not as commonly prescribed in Asia, and when pre-
scribed they are usually given at lower doses (20–22).

The relatively low prevalence of statin use in Asia makes
this region particularly attractive for evaluations of cholesterol
as an exposure. To quantify the strength of evidence for the
association between cholesterol and adenoma in Asia, we con-
ducted a systematic review and meta-analysis of colonoscopy-
based case-control studies from this region published in the
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peer-reviewed literature between 2000 and 2014. By focusing
attention on only the most recent investigations, with similar
study designs, from a single geographic region, we attempted
to limit between-study heterogeneity.

METHODS

Literature search

We searched PubMed (including MEDLINE and articles
submitted to PubMed Central) for original research articles
published between January 1, 2000, and December 31, 2014.
The following search string was used: (adenoma or polyp or
hyperplastic) and (cholesterol or lipid or triglyceride) and
(plasma or serum or blood) and (colorectal or colon or rectal
or rectum). The search was limited to studies of humans pub-
lished in English, and did not include proceedings from sci-
entific conferences.

Exclusion criteria

We employed a 2-stage study selection procedure involv-
ing an abstract review that screened for general exclusion
criteria, followed by a full-text review that screened for more
specific exclusion criteria. All abstracts from the search were
screened. Studies were excluded if the abstract indicated that:
1) no primary data had been collected (e.g., review articles);
2) the study had not been conducted in humans; 3) colorectal
adenoma was not a studied outcome; 4) controls had not also
undergone colonoscopy; 5) the study setting was specified to
be outside of East or Southeast Asia; or 6) no full-text article
in English was available.
The full texts of articles passing the abstract assessment

were re-screened in detail for the 6 exclusion criteria listed
above. In addition, studies were excluded at the full-text review
stage if: 1) lipid concentrations had not been measured di-
rectly from serum or plasma (e.g., abstracted from medical
records or estimated from a food frequency questionnaire);
2) there was uncertainty about whether cholesterol was mea-
sured at the time of the study colonoscopy (fasting); 3) no
estimated case- and control-group-specific mean lipid con-
centrations or odds ratios for adenoma prevalence were
reported for at least one of HDL cholesterol, LDL cholesterol,
triglycerides, or total cholesterol; or 4) sigmoidoscopy was
conducted instead of full colonoscopy. Together, these crite-
ria helped to ensure that all included studies would score ≥6
on the Newcastle-Ottawa Quality Assessment Scale for case-
control studies (23). We also confirmed that there were not
duplicate reports. If multiple publications based on the same
data set were suspected, we included only the article with the
earliest date of publication.
For studies that distinguished between different types of pol-

yps, information on serrated adenomas, sessile serrated adeno-
mas, or hyperplastic polyps was not considered. Data were
abstracted from studies that identified pathology-confirmed
tubular, villous, or tubulovillous adenomas of anysize or grade.
It was not required that studies distinguish advanced adenomas
(≥1 mm in diameter, with≥20% villous components, or high-
grade dysplasia) from nonadvanced adenomas. Data abstrac-
tion was performed by the first author (M.N.P.).

Data abstraction

The 2 primary summary statistics abstracted from eligible
studies were: 1) case- and control-group mean values and
standard deviations for HDL cholesterol, LDL cholesterol,
triglycerides, or total cholesterol (the standard deviation
was calculated from the standard error of the mean if ne-
cessary); and 2) odds ratios for adenoma prevalence with
95% confidence intervals. If the reported means or odds ra-
tios had been adjusted for potentially confounding factors,
these variables were noted. Additionally, we abstracted the
following data from eligible studies: 1) the numbers of cases
and controls; 2) the range of calendar years of colonoscopy;
3) the proportion of men in the study; 4) the age range of par-
ticipants (if not available, then the mean age of controls); and
5) whether the investigators had chosen to exclude partici-
pants who reported a previous diagnosis of any colorectal
polyp or colorectal cancer (studies that did not specifically re-
port on these criteria were assumed to have not made such
exclusions).

Statistical analyses of mean values

The mean differences in blood concentration (mean for
controls subtracted from the mean for cases) for each lipid
component, in mg/dL, were pooled using DerSimonian-Laird
random-effects meta-analysis with inverse variance weighting
(24). The statistical significance of the pooled mean difference
was quantified with a z statistic and a P value from aWald test.
Between-study heterogeneity was quantified using I2 (25).
Separate analyses were performed for HDL cholesterol, LDL
cholesterol, triglycerides, and total cholesterol. Cholesterol
concentrations normalized by logarithmic transformation were
back-transformed by exponentiation. HDL cholesterol and
LDL cholesterol concentrations reported in mmol/L were con-
verted to mg/dL by dividing by 0.02586. Triglyceride con-
centrations reported in mmol/L were converted to mg/dL by
dividing by 0.01129. If only subgroup-specific mean values
were reported, we derived a pooledmean by taking theweighted
arithmetic average.
In secondary analyses, we calculated stratified mean differ-

ence estimates from random-effects meta-analysis according
to 1) country, 2) year of colonoscopy (midpoint), 3) sample
size, 4) whether the mean values were adjusted or crude, and
5) whether the study had excluded persons with a personal
history of colorectal polyps or colorectal cancer. The robust-
ness of the combined mean difference was evaluated using a
leave-1-out approach. The possibility of publication bias was
assessed by visual inspection of funnel plots and a nonpara-
metric test for asymmetry (26).

Statistical analyses of odds ratios

We ensured that all odds ratios were in the direction of in-
creasing values of the cholesterol measurement. If odds ratios
from multiple regression models were available, we consid-
ered only those estimated from the model that included the
most adjustment variables. If only subgroup-specific odds ra-
tios were available, we derived a pooled odds ratio using
fixed-effects meta-analysis.
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The approach of Greenland and Longnecker (27) was used
to calculate estimates and standard errors for a linear trend in
log odds ratios for measures of association originally reported
in categories. For this analysis, we assigned a cholesterol dose
as the midpoint of closed categories (weighted average if the
cutoff varied for subgroups) and, for open-ended categories,
25 mg/dL beyond the cutpoint for LDL cholesterol, triglycer-
ides, and total cholesterol and 15 mg/dL beyond the cutpoint
for HDL cholesterol. The trend-estimated odds ratios were
scaled to reflect a 10-mg/dL increase in HDL cholesterol, a
20-mg/dL increase in LDL cholesterol and total cholesterol,
and a 40-mg/dL increase in triglycerides. For each of the 4mea-
surements, trend-estimated odds ratios were combined using
random-effects meta-analysis with inverse variance weighting.
The statistical significance of the pooled odds ratio was quan-
tified with a z statistic and a P value from aWald test. Similar to
the analyses of mean differences, stratified estimates were also
calculated for trend-estimated odds ratios, and both leave-1-out
estimates and funnel plots were assessed (26).

We visualized the odds ratios as reported in the eligible stud-
ies by plotting categorical odds ratios for each blood lipidmea-
surement against the assigned dose using circles proportional
to the precision of the estimate (larger circles indicated more
precision) and squares to denote the reference group. Continuous
odds ratios were included by plotting a single circle at themean
value among controls. All analyses were performed using the

meta package for R 3.1.2 (R Foundation for Statistical Com-
puting; Vienna, Austria). All statistical tests were 2-sided,
with P ≤ 0.05 being considered statistically significant.

RESULTS

Description of included studies

The literature search identified 121 potential articles (Fig-
ure 1). A total of 75 articles were determined to be ineligible
based on abstract review. An additional 29 were determined
to be ineligible after the full-text assessment. The 17 studies
that met all inclusion criteria comprised 17,387 adenoma
cases and 30,427 adenoma-free controls (Table 1) (28–44).
All studies had been conducted in East Asia, including 8
studies from Japan, 7 from South Korea, and 1 each from
China and Taiwan. No studies from Southeast Asia (e.g., In-
donesia, Malaysia, Vietnam, Thailand) were identified.

Overall, 16 of the 17 studies reported mean blood lipid
concentrations for cases and controls (11 HDL cholesterol,
7 LDL cholesterol, 12 total cholesterol, and 14 triglycerides),
and 12 of the 17 reported odds ratios (8 HDL cholesterol, 3
LDL cholesterol, 12 triglycerides, and 5 total cholesterol).
Consistent with the expected prevalence of adenoma among
average-risk individuals in unmatched studies, controls typi-
cally outnumbered adenoma cases 5-to-1. It was not always

121 Articles Identified Through Literature Search

121 Article Abstracts Screened for Eligibility

46 Full-Text Articles Assessed for Eligibility

17 Articles Included in Analysis

16 Articles With
Reported Means:

11 Measured HDL-C
7 Measured LDL-C

14 Measured TG
12 Measured TC

12 Articles With
Reported Odds Ratios:

8 Measured HDL-C
3 Measured LDL-C

12 Measured TG
5 Measured TC

75 Articles Excluded Based on Abstract Review:

17 Had no primary data
16 Were not a human population
19 Did not report on colorectal adenoma
14 Had no screened-negative controls

6 Were not an Asian population
3 Had no English full text

29 Articles Excluded Based on Full-Text Review:

3 Had no screened-negative controls
12 Were not an Asian population

5 Measured cholesterol from records
3 Had uncertain timing of measurement
3 Reported no means or odds ratios
2 Conducted sigmoidoscopy
1 Had a duplicated study sample

Figure 1. Selection of published (2000–2014) colonoscopy-based case-control studies from Asia for a systematic review and meta-analysis of
blood lipid concentrations and colorectal adenoma.HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total
cholesterol; TG, triglycerides.
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Table 1. Characteristics of 17 Colonoscopy-Based Case-Control Studies of the Association Between Blood Lipid Measurements and Adenoma Prevalence, Asia, 2000–2014

First Author, Year

(Reference No.)
Country

Year(s) of

Colonoscopy

No. of

Cases

No. of

Controls

Blood Lipid

Measurement(s)

%

Men

Age

Range,a

years

Excluded

Prior

Polyps/

CRCb

Reported

Mean

Values/ORs

Adjustmentc

Mean Values ORs

Park, 2000 (28) South Korea 1997–1998 134 134 HDL-C, LDL-C,
TG, TC

100 NR N/Y Y/Y Age, year, study
site

Age, BMI, education, alcohol, family history

Shinomiya, 2001 (29) Japan 1995–1996 179 219 HDL-C, LDL-C,
TG, TC

100 47–55 Y/Y Y/N BMI, smoking,
alcohol, physical
activity, military
rank, study site

NA

Fujimori, 2002 (30) Japan 1994–2001 817 350 TG, TC 100 40–80 Y/N Y/N Age, alcohol NA

Morita, 2005 (31) Japan 1995–2002 756 1,751 HDL-C, TG 100 44–59 Y/Y N/Y NA Age, study site, military rank

Chung, 2006 (32) South Korea 2002–2004 105d 105 HDL-C, LDL-C,
TG, TC

53 35–75 N/Y Y/Ye Age, sex Age, sex, BMI, glucose, TG, TC

Tabuchi, 2006 (33) Japan 1995–2003 3,821 958 TG, TC 61 10–94 N/N Y/Y Unadjusted Age, sex, TG, TC

Otani, 2006 (34) Japan 2004–2005 7820 738 TG 66 40–80 Y/Y Y/Y Age, sex, year Age, sex, year, BMI, smoking, alcohol, physical
activity, family history, NSAIDs, fiber, folate,
calcium, vitamin D, red meat

Lee, 2008 (35) South Korea 2005 689 1,209 HDL-C, TG 100 40–70 Y/Y Y/Y Unadjusted Age, BMI, education, income, smoking, alcohol,
physical activity, medications, waist
circumference

Kang, 2010 (36) South Korea 2006–2007 1,122 1,122 HDL-C, TG, TC 77 40–75 Y/Y Y/Ye Age, sex Age, sex, smoking, alcohol, family history, NSAIDs

Liu, 2010 (37) China 2006–2008 719 3,062 HDL-C, TG, TC 56 >30 Y/Y Y/Ye Unadjusted Age, sex, smoking, alcohol

Sasaki, 2011 (38) Japan 2008 109 261 HDL-C, LDL-C,
TG

74 48 Yf/Y Y/N Unadjusted NA

Sato, 2011 (39) Japan 2008–2010 261 702 HDL-C, LDL-C,
TG

100 49 Y/Y Y/Ye Unadjusted Age, smoking, alcohol, family history

Choe, 2013 (40) South Korea 2004–2008 554 557 TC 67 59 Y/Y Y/N Age, sex NA

Yang, 2013 (41) South Korea 2006–2009 5,958 13,323 HDL-C, LDL-C,
TG, TC

65 40–79 N/Y Y/Y Unadjusted Age, sex, BMI, smoking, alcohol, physical activity,
family history, NSAIDs, previous polyp(s), waist
circumference, diabetes, hypertension, heart
disease, fiber, calories, fat, carbohydrates,
protein, HDL-C, LDL-C, TG, TC

Huang, 2014 (42) Taiwan 2001–2009 684 5,074 HDL-C, TG, TC 58 50 Y/Y Y/Ye Unadjusted Age, sex, BMI, smoking, alcohol, physical activity,
hypertension, TG, TC:HDL-C ratio

Hong, 2014 (43) South Korea 2011 246 494 HDL-C, LDL-C,
TG, TC

58 30–75 Y/Y Y/Y Unadjusted Age, sex, BMI

Okuyama, 2014 (44) Japan 2001–2002 451 368 TC 50 35–80 N/N Y/N Unadjusted NA

Abbreviations: BMI, body mass index; CRC, colorectal cancer; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; NA, not applicable; NR, not reported; NSAID, nonsteroidal

antiinflammatory drug; OR, odds ratio; TC, total cholesterol; TG, triglycerides.
a The mean age of controls is provided if age range was not reported in the article.
b Assumed to be “no” if not specifically reported.
c Including matching and/or statistical modeling.
d Advanced adenoma cases only.
e OR not reported for each lipoprotein fraction for which a mean was reported.
f Persons with a history of colorectal polyps were excluded only from the control group.
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clear for some studies, however, how controls had been sam-
pled (for example, in the study by Tabuchi et al. (33), over
80% of all participants were adenoma cases).

Potential duplication of data

There were 2 eligible publications from Sasaki et al. (38,
45) that included data from what appeared to be the same par-
ticipants; we considered only data from the paper published
first. An overlap in authorship was also noted in the studies by
Sasaki et al. (38) and Sato et al. (39). Both studies enrolled
colonoscopy patients from Tohoku Central Hospital in
Japan, but Sasaki et al. (38) included examinations conducted
between January and December of 2008, whereas Sato et al.
(39) included examinations conducted between June 2008
and January 2010. Althoughwe decided to retain both studies
in the analysis, it was unclear whether data from the last half
of 2008 were duplicative. Two authors from the study by
Kang et al. (36) were also contributors to the study by Choe
et al. (40). Both studies enrolled colonoscopy patients from
Seoul National University Hospital in South Korea, but Kang
et al. (36) included examinations conducted between Janu-
ary 2006 and December 2007, whereas Choe et al. (40)
included examinations conducted between October 2004
and December 2008. However, despite the shorter recruit-
ment window, the total sample size of the former study was
more than twice that of the latter; thus, we decided that dupli-
cation was unlikely. Again, both studies were retained in the
analysis.

Study-specific summarizations

Stratified results were reported in several studies. Tabuchi
et al. (33) reportedmean cholesterol levels for tubular, villous,

and serrated adenomas separately, but because odds ratios
were estimated only for tubular adenomas, we restricted at-
tention to tubular adenomas. We used the weighted average
mean cholesterol measurement among proximal and distal
adenoma cases for Shinomiya et al. (29) and among non-
advanced and advanced adenoma cases for 3 studies (37, 41,
42). Because the magnitudes of the standard errors reported by
Shinomiya et al. (29) were unrealistic, we assumed that what
were reported as log-transformed standard errors had mistak-
enly been twice transformed. For Otani et al. (34), standard de-
viations were inferred from P values from 2-sample t tests,
which were assumed to be calculated for equal variances.

Mean differences in blood lipid concentrations

Meta-analysis of mean differences suggested that ade-
noma cases generally had lower HDL cholesterol, higher
LDL cholesterol, higher triglyceride, and higher total cho-
lesterol concentrations (see Web Figures 1–4, available at
http://aje.oxfordjournals.org/) at the time of colonoscopy
than adenoma-free controls (Web Table 1). Only the associ-
ations for HDL cholesterol and triglycerides maintained sta-
tistical significance when we restricted attention to studies that
reported adjusted (or matched) means or excluded those with
previous polypectomy (Web Table 2). Substantial heteroge-
neity between studies (I2 >70%) was noted for triglycerides
and total cholesterol. We did not find evidence of publication
bias (Web Figure 5), and our conclusions were not altered
with the exclusion of any particular study (Web Table 3).

Odds ratios for adenoma prevalence

Of the 12 studies that reported odds ratios, 11 used catego-
ries (7 binary, 2 ternary, and 2 quaternary), and Tabuchi et al.

First Author, Year (Reference No.) OR (95% CI )

Park, 2000 (28) 1.21 (0.85, 1.72)

Morita, 2005 (31) 1.06 (0.95, 1.18)

Lee, 2008 (35) 0.93 (0.85, 1.03)

Kang, 2010 (36) 0.95 (0.89, 1.01)

Liu, 2010 (37) 0.92 (0.87, 0.97)

Sato, 2011 (39) 0.96 (0.86, 1.08)

Yang, 2013 (41) 1.02 (0.93, 1.12)

Hong, 2014 (43) 0.93 (0.81, 1.06)

Overall 0.96 (0.92, 1.00)

0.80 1.00 1.25 1.50 1.75

Odds Ratio

Figure 2. Trend-estimated odds ratios (ORs) for colorectal adenoma for a 10-mg/dL increase in high-density lipoprotein cholesterol concentration,
Asia, 2000–2014. Squares represent study-specific estimates and are proportional in size to the weight from random-effects meta-analysis (larger
squares indicate more weight). For the overall estimate from random-effects meta-analysis, I2 = 25% (95% confidence interval (CI): 0, 67) and
z =−2.94 (P = 0.04). Horizontal lines, 95% CIs.
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(33) used a continuously scaled odds ratio. The level of con-
founding control varied greatly among studies. Investigators
in all 12 studies adjusted their estimates for, at minimum, age
and sex (in studies that included both men and women), and 7
of the 12 studies adjusted for body mass index (Table 1).
The direction of associations based on combined odds ra-

tios was the same as for the combined mean differences; how-
ever, only combined odds ratios for HDL cholesterol and
triglycerides were statistically significant at the 0.05 level
(Figures 2–5). Although odds ratios generally had less het-
erogeneity than mean differences, less precise odds ratios
were of larger magnitude than more precise odds ratios (Web
Figure 6). The magnitudes of associations tended to be larger

in studies that excluded persons with previously detected
colorectal polyps than in studies that did not (Web Table 4).
There was no evidence of publication bias for these odds ra-
tios (Web Figure 7), and estimates from leave-1-out analysis
were similar (Web Table 5).

DISCUSSION

This systematic review and meta-analysis showed that re-
cent studies from East Asia have reported, on average, a 13%
higher (95% confidence interval: 5, 21) prevalence of colo-
rectal adenomas per 40-mg/dL increase in blood triglyceride
levels at colonoscopy and a 4% lower (95% confidence

First Author, Year (Reference No.) OR (95% CI)

Park, 2000 (28) 1.08 (0.71, 1.63)

Yang, 2013 (41) 1.00 (0.91, 1.10)

Hong, 2014 (43) 1.31 (0.99, 1.72)

Overall 1.08 (0.92, 1.28)

0.67 0.80 1.00 1.25 1.50 1.75

Odds Ratio

Figure 3. Trend-estimated odds ratios (ORs) for colorectal adenoma for a 20-mg/dL increase in low-density lipoprotein cholesterol concentration,
Asia, 2000–2014. Squares represent study-specific estimates and are proportional in size to the weight from random-effects meta-analysis (larger
squares indicatemoreweight). For the overall estimate from random-effectsmeta-analysis, I2 = 0% (95%confidence interval (CI): 0, 80) and z = 0.91
(P = 0.36). Horizontal lines, 95% CIs.

First Author, Year (Reference No.) OR (95% CI)

Park, 2000 (28) 1.55 (0.91, 2.63)

Morita, 2005 (31) 1.14 (0.99, 1.32)

Chung, 2006 (32) 1.07 (0.64, 1.80)

Tabuchi, 2006 (33) 1.07 (1.00, 1.14)

Otani, 2006 (34) 1.14 (0.87, 1.49)

Lee, 2008 (35) 1.23 (1.02, 1.47)

Kang, 2010 (36) 1.41 (1.19, 1.66)

Liu, 2010 (37) 1.20 (1.03, 1.40)

Sato, 2011 (39) 0.96 (0.64, 1.44)

Yang, 2013 (41) 1.11 (0.96, 1.27)

Huang, 2014 (42) 0.94 (0.81, 1.10)

Hong, 2014 (43) 0.87 (0.61, 1.24)

Overall 1.13 (1.05, 1.21)

0.50 0.67 1.00 1.50 2.00 2.50 3.00

Odds Ratio

Figure 4. Trend-estimated odds ratios (ORs) for colorectal adenoma for a 40-mg/dL increase in triglyceride concentration, Asia, 2000–2014.
Squares represent study-specific estimates and are proportional in size to the weight from random-effects meta-analysis (larger squares indicate
more weight). For the overall estimate from random-effects meta-analysis, I2 = 44% (95% confidence interval (CI): 0, 71) and z = 3.29 (P = 0.001).
Horizontal lines, 95% CIs.
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interval: 0, 8) prevalence of colorectal adenomas per 10-mg/
dL increase in HDL cholesterol. Colonoscopy recipients de-
termined to have adenoma had, on average, similar blood
concentrations of LDL cholesterol and total cholesterol as
those without adenomas.

Whether dyslipidemia is associated with colorectal cancer
risk has been debated for decades (46, 47). It is hypothesized
that persons with unfavorable lipid profiles may be suscepti-
ble to chronic inflammation in the gut, possibly related to
mechanisms involving bile acid malabsorption or butyrate
suppression (48, 49), which can create a microenvironment
that promotes DNA damage, cellular proliferation, and an-
giogenesis (50). High circulating cholesterol levels may
also be related to increased exposure to insulin-like growth
factors and estrogens, which can increase cellular prolifera-
tion (51, 52).

The majority of recent studies of cholesterol and colorectal
adenomas have been conducted exclusively among East
Asian populations. Of the 18 studies that failed to pass our
abstract screening or full-text review because the study pop-
ulation was not Asian, only 5 studies published between 2000
and 2014 would have met all other eligibility criteria, includ-
ing 1 study from the United States (53) and 4 from Europe
(54–57). Seven of these 18 studies did not measure choles-
terol, and the 6 studies that did (4 studies from the United
States (17, 58–60), 1 from Europe (61), and 1 from the Mid-
dle East (62)) used medical records, used blood not drawn at
the time of colonoscopy, or did not specify when the blood
test had occurred.

Levels of lipoprotein fractions, most prominently HDL
cholesterol and triglycerides (63), are correlated, making it dif-
ficult to determine which cholesterol component is driving as-
sociations with adenoma in these studies. Surprisingly, LDL
cholesterol was the least often measured lipoprotein fraction
in eligible studies, despite being the primary target of therapy
(64, 65). None of the studies reported on the prevalence of use
of medications such as statins, which probably reflects the fact
that increasing cholesterol levels remain mostly medically un-
controlled in China (66), Japan (67), and South Korea (68). As

a result, statin use is unlikely to have been a major confounder
in the studies included in our meta-analysis.

The degree of control for potentially confounding vari-
ables varied greatly across included studies. Mean values
were often reported for descriptive purposes and were usually
unadjusted. In addition to mean differences, we summarized
odds ratios, all of which were estimated from logistic regres-
sion and adjusted for at least age and sex. Many odds ratios
had also been adjusted for body mass index, smoking status,
and alcohol consumption, but only a few accounted for die-
tary exposures or other cardiovascular disease risk factors.
We cannot be certain whether the observed consistency be-
tween unadjusted mean differences and adjusted odds ratios
is indicative of a true association or of incomplete confound-
ing control.

Given the inconsistent parameterization of odds ratios in
eligible studies, trend estimation permitted a common scale
upon which to combine adjusted estimates (27). Trend esti-
mation, however, is not a remedy for dissimilarities that arise
from biased exposure assessments. Because these calcula-
tions rely on adjusted log odds ratios but unadjusted counts,
this approach involves assumptions that may not be valid
when there is strong confounding. We made cholesterol dose
definitions a priori, and altering the assigned dose symmetri-
cally beyond the cutpoints for open-ended categories resulted
in minimal changes (data not shown).

Selected subgroup analyses were performed, albeit with
limited statistical power. We did not stratify our analyses by
pathology or anatomical location, since few studies presented
results according to adenoma characteristics. Although they
were not formally tested, Liu et al. (37) and Huang et al. (42)
reported similar-magnitude associations when comparing ad-
enoma cases with controls and hyperplastic polyp cases with
controls, whereas the LDL cholesterol and inverse HDL cho-
lesterol associations reported by Yang et al. (41) were slightly
more prominent when comparing advanced adenomas with
controls than when comparing nonadvanced adenomas with
controls. The latter was also the only study that provided es-
timates with and without adjustment for other lipoprotein

First Author, Year (Reference No.) OR (95% CI)

Park, 2000 (28) 1.21 (0.87, 1.67)

Chung, 2006 (32) 0.91 (0.67, 1.24)

Tabuchi, 2006 (33) 1.02 (0.98, 1.07)

Yang, 2013 (41) 1.02 (0.93, 1.12)

Hong, 2014 (43) 1.14 (0.87, 1.50)

Overall 1.03 (0.98, 1.07)

0.67 0.80 1.00 1.25 1.50 1.75
Odds Ratio

Figure 5. Trend-estimated odds ratios (ORs) for colorectal adenoma for a 20-mg/dL increase in total cholesterol concentration, Asia, 2000–2014.
Squares represent study-specific estimates and are proportional in size to the weight from random-effects meta-analysis (larger squares indicate
more weight). For the overall estimate from random-effects meta-analysis, I2 = 0% (95% confidence interval (CI): 0, 61) and z = 1.20 (P = 0.23).
Horizontal lines, 95% CIs.
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fractions, noting minimal changes to odds ratios for total cho-
lesterol, triglycerides, and LDL cholesterol but some differ-
ences for HDL cholesterol (a stronger inverse association for
HDL cholesterol after adjustment for other fractions than not
for nonadvanced adenomas, but aweaker association forHDL
cholesterol after adjustment for other fractions than not for
advanced adenomas). Lastly, the mean values reported in
the single study that stratified by proximal and distal location
did not differ meaningfully (stratified odds ratios were not in-
cluded in this study) (29).
Our findings can be compared with those of a recent meta-

analysis covering cohort and case-control studies of both co-
lorectal adenomas and colorectal cancer conducted between
1990 and 2013, in which Tian et al. (6) reported associations
between higher levels of LDL cholesterol, triglycerides, and
total cholesterol and higher adenoma prevalence, but no asso-
ciation for HDL cholesterol. Unlike the study selection criteria
of Tian et al., our criteria required 1) an Asian study popula-
tion, 2) controls known to be without polyps, and 3) blood
lipid evaluations made at the same time as the determination
of adenoma diagnosis. In total, we included 10 studies not rep-
resented in the meta-analysis of Tian et al., and, unique to our
analyses, we accounted for the fact that parameterizations of
exposure differed by study.
Translating our results to non-Asian populations should be

done with caution. Tian et al. noted differences in the magni-
tudes of associations and the degree of heterogeneity when
comparing North American, European, and Asian studies
(6). We aimed to limit the influence of secular trends by
considering recent case-control studies from a region where
confounding by statin use may be less prominent. Despite po-
tential differences between studies from Eastern and Western
countries, those studies included in our meta-analysis had av-
erage cholesterol ranges among controls that were not very
different from nationally representative averages seen in the
United States from 2007 to 2010 (69). Consistent with the
findings from our meta-analysis, recent US studies that ac-
counted for statin use identified higher triglyceride and
lower HDL cholesterol levels to be the most strongly associ-
ated with adenoma prevalence, with little evidence of an as-
sociation for LDL cholesterol and total cholesterol (70, 71).
In summary, based on evidence from recent colonoscopy

studies conducted in Asia, high triglyceride and low HDL cho-
lesterol concentrations were associated with higher prevalence
of colorectal adenoma. Results from long-term longitudinal
studies with repeated cholesterol measurements and routine co-
lonoscopy screening are lacking, but our findings suggest that
prevalent dyslipidemia may be a risk factor to consider when
making clinical decisions regarding colorectal cancer screening
and surveillance. These results suggest that future biological
studies of adenomatous lesions in the colon and rectum may
benefit from consideration of mechanisms for hypertriglyceri-
demia and impaired cholesterol efflux capacity (72).
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