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Abstract

Objective: There have been inconsistent results published regarding the relation-
ship between dyslipidaemia and an increased risk of colorectal neoplasia (CRN),
including colorectal adenoma (CRA) and colorectal cancer (CRC). We conducted a
meta-analysis to explore the relationship between dyslipidaemia and CRN.
Design: We identified studies by performing a literature search using PubMed,
EMBASE and the Science Citation Index through October 2013.

Setting: We analysed thirty-three independent studies reporting the association
between CRN and at least one of the selected lipid components, including total
cholesterol (TC), TAG, HDL-cholesterol (HDL-C) and LDL-cholesterol (LDL-C).
Subjects: CRN cases (1 21 809) were identified.

Results: Overall, people with high levels of serum TAG (risk ratio (RR) =1-08; 95 %
CI 105, 1-12, P<0-00001) and LDL-C (RR=1-07; 95% CI 1-00, 1-14, P=0-04)
presented an increased prevalence of CRN. Subgroup analyses revealed that high
levels of serum TC (RR=1-04; 95% CI 1-01, 1-09, P=0-02), TAG (RR=1-06; 95 %
CI 103, 1-10, P=0-0009) and LDL-C (RR=1-11; 95% CI 1-04, 1-19, P=0-003)
increased the risk of CRA but not of CRC. No association between serum HDL-C
and risk for CRN (including CRA and CRC) was observed.

Conclusions: Both TAG and LDL-C were significantly associated with an
increasing prevalence of CRN. High levels of serum TC, TAG and LDL-C were
positively associated with CRA but not with CRC. No significant association was
observed between levels of serum HDL-C and CRN.
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Meta-analysis

Colorectal cancer (CRC) is reported to be the fourth most
commonly diagnosed cancer and is the second most
common cause of cancer deaths in North America”. CRC
is believed to arise from colorectal adenoma (CRA)
through a sequence from adenoma to adenocarcinoma
as a consequence of a limited set of molecular events
that largely originate with a relatively benign adenoma that
progresses to cancer'”. Accumulated data indicate that
metachronous lesions occur at a rate of 20 to 30 % per year
in post-polypectomy patients. The propensity to develop
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CRA identifies a sizeable subgroup of the population at an
enhanced risk for subsequent adenoma formation and
colorectal carcinoma. This indicates that identifying risk
factors associated with CRN is essential for the reduction of
colorectal carcinoma.

The positive association between obesity and CRA
prevalence demonstrates an underlying dose-response
relationship according to BMI®. Timely screening of obese
patients for CRA is thus recommended. Dyslipidaemia is
an important component of metabolic syndrome and is
demonstrated to contribute to colorectal tumorigenesis
through insulin resistance, oxidative stress and inflammatory
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pathways'®. Alteration of serum lipids (high TAG and low

HDL-cholesterol (HDL-C)) has been linked to an increased
risk of CRA®® and several types of malignancy including
CRC"’. A recent large case—control study indicated that a
high level of serum TAG was significantly associated with
a larger number of adenomas®. Although several studies
have explored the dyslipidaemia component, e.g. lipid
and lipoprotein concentrations individually in relation to
CRN risk, there is still inconsistency for this issue. More
importantly, the association between components of
serum lipids and CRN risk is largely unknown.

An increased understanding between the development
of CRN and dyslipidaemia can clarify the mechanistic steps
linking components of serum lipids and CRN and may be
useful in determining the benefits of early CRN screening.
Unfortunately, data on the relationship of serum lipid
levels with CRA/CRC are contradictory. Some studies have
established a positive association between serum total
cholesterol (TC) level and CRN. If this theory were correct,
it may contribute to an excess in mortality in individuals
with dyslipidaemia compared with those without the
disorder. However, other studies showed no significant
association between CRN and serum lipids“'”. Because
the association between dyslipidaemia and CRN formation
has not yet been systematically assessed, we conducted a
systematic review and meta-analysis of all available studies
evaluating this issue to investigate the association between
components of serum lipids and CRN risk.

Materials and methods

The current review and meta-analysis follows the recom-
mendations of the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) statement".

Search strategy

For the present analysis, a systematic literature search
through October 2013 was performed in PubMed,
EMBASE and the Science Citation Index to identify rele-
vant studies. Studies investigating the relationship
between serum lipids and CRN (including CRA and CRC)
were carried out by searching for articles written in English.
The search term comprised the following keywords:
‘serum lipids’, ‘triglycerides, TG’, ‘total cholesterol, TC’,
‘high-density lipoprotein-cholesterol, HDL-C, or ‘low-
density lipoprotein-cholesterol, LDL-C’ combined with
‘colorectal cancer, CRC’ ‘colorectal adenoma, CRA’ or
‘colorectal neoplasm, CRN’ (see online supplementary
material, Supplemental Table 1 for the search strategy in
PubMed). All references of the selected articles were
checked, including manual searches. Additionally, to find
any additional published studies, we interrogated refer-
ences of all the articles. The titles and abstracts were
scanned to exclude any clearly irrelevant studies. The full
texts of the remaining articles were read to determine
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whether they contained information on the topic of
interest. All searches were conducted independently by
two authors (Y.T. and Y.L.). The results were then com-
pared; any questions or discrepancies were resolved by
iteration and consensus.

Study selection

Only publications that fulfilled all of the following criteria
were selected for the meta-analysis: (i) the study subjects
were adults (older than 18 years); (iD) publication with a
case—control, cross sectional, nested case—control or
cohort study design; (iii) CRN incidence as the outcome of
interest; (iv) reported an estimate of the association of CRN
(defined as colorectal cancer or adenoma or both) in
individuals with at least one of the selected lipid compo-
nents (TC, TAG, HDL-C and LDL-cholesterol (LDL-C)); and
(v) reported risk ratio (RR; or OR estimates in case—control
studies) or hazard ratios (HR) with estimates of their
corresponding 95 % CI (or sufficient data to evaluate the
above effects).

Data extraction

Information extracted from the extensive review of each
publication included: (i) publication data (first author’s
name, year of publication and country of the population
studied); (iD) type of study design; (i) study participants’
age range; (iv) sample size (cases and controls or cohort
size); (v) type of lesion; (vi) risk estimates with their cor-
responding CI; (viii) method used to confirm the presence
or absence of CRN; and (ix) colonoscopy examination at
the time of diagnosis. OR from case—control studies were
considered as an estimate of RR"?. If a study provided
several risk estimates, the most completely adjusted
estimate was extracted and used in the meta-analysis. The
information from each study was extracted by two inde-
pendent researchers (Y.T. and Y.L.), with disagreements
resolved with a majority vote by all authors.

Statistical analysis

All analyses, including publication bias, were performed
using the computer program Review Manage version 5-1
(Oxford, UK). Study-specific risk estimates were extracted
from each study and log risk estimates were weighted by
the inverse of their variances to obtain a pooled risk esti-
mate. The heterogeneity of all publications was evaluated
with the Cochran Q test and 77 statistic'®. An 7% value of
<30 %, 30-50 % and >50 % was considered as little or no
heterogeneity, moderate heterogeneity and severe het-
erogeneity, respectively. For the Q statistic, a P value of
<0-1 was considered to have significant heterogeneity.
Summaries of RR estimates were evaluated using both
fixed-effects and random-effects methods. Random effects
are used when heterogeneity is present. Initial analysis,
including all studies, was performed to look for an asso-
ciation between serum lipids and CRN. Subgroup analyses
were also carried out to estimate the components of serum
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lipids and the risk of CRC and CRA. For meta-analysis
results, the P value of <0-05 indicated statistical sig-
nificance. A funnel plot for potential publication bias
analysis was conducted using the statistical software
package Stata 11-0 with Begg'* and Egger tests”.

Results

Study characteristics

Two hundred and eighty-five publications relevant to the
words searched were retrieved using the methodology
and the search terms described above. Of these, eighty-
two duplicated publications were excluded. The remain-
ing 203 studies were selected for further evaluation based
on information from abstracts and titles. After screening
abstracts and titles, forty-seven studies were considered to
be relevant to our study subject. Fourteen articles were
excluded as they did not investigate the association of
serum lipids with risk of CRN. In total, thirty-three records
that met the detailed inclusion criteria were included in the
present meta-analysis 51019743 Al studies reported on
at least one of the serum lipid components (TC, TAG,
HDL-C and LDL-C) and the risk of CRN. Details of these
studies are described in Tables 1 and 2.

Overall analyses on the association of serum
lipids and colorectal neoplasm

The association between serum TC and risk of CRN
was analysed first. The sixteen studies on TC (four cohort, five
cross-sectional and seven case—control studies) were pub-
lished between 1990 and 2013 (Tables 1 and 2) and involved
a total of 21809 CRN cases #21019-2225.282934,36,3839,42.43)
Three studies were conducted in the USA®%3%3 one
in Sweden“?, three in Korea®!®?? = five in
Japan(@5:28:29.36:43) a9
and two in European countries*® (Tables 1 and 2). A
random-effects model was considered for a summary RR
as there was evidence of heterogeneity for the included
sixteen studies (Q=45-28, P value for heterogeneity
=0-00001, 7?=65%). The overall RR for CRN (adenoma
or colon cancer) associated with serum TC was 1-00
(95 % CI 0-93, 1-08, P=0-93; Fig. 1(a)), while the funnel
plot for potential publication bias was also analysed (Fig. 1
(b)). Our result indicated that there was no statistical
evidence of publication bias (Egger's P=0-638, Begg’s
P=0-837).

There were twenty-nine studies reported on TAG
(twelve cohort studies, four cross-sectional and thirteen
case—control studies) published between 1990 and 2013
and involved a total of 31546 CRN cases (Tables 1
and 2)08710.16-1820.22-24.26-32)  Njine studies were con-
ducted in the USA(16’18’20’32’35’37_40), one in Sweden‘*?,

(6’9’10'22’27), two in China®>3?, eight in
Japarﬁ8’24’26’28'29'31’36’43), one in Austria®’ and three in
European countries™™!73% (Tables 1 and 2). Pooled analysis

. . 21 .
, one in Finland®Y, one in Germany

five in Korea
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showed a significant association between serum TAG and
CRN (7 29 studies; summary RR=1-08; 95 % CI 1-05, 1-12,
P<0-00001; Fig. 2(a)). A random-effects model was
considered for a summary RR because of the significant
heterogeneity of the included twenty-nine studies
(Q=110-44, P value for heterogeneity < 0-00001, 7% = 68 %).
The funnel plot for potential publication bias was also
implemented (Fig. 2(b)); the results of the statistical analysis
showed a potential publication bias (Egger's P=0-000,
Begg's P=0-225).

Next, we performed an analysis to evaluate the asso-
ciation between serum LDL-C and risk of CRN. There were
a total of eight studies carried out on LDL-C (three cohort
studies, three cross-sectional and two case—control stu-
dies) published between 1993 and 2013 which included
12 473 CRN cases (Tables 1 and 2)@910:19:26.29.3342 "gpe
study was conducted in the USA®?, one in Sweden?,
one in Germany"”, two in Korea®!?, two in Japan®®”
and one in European countries” (Tables 1 and 2). Data
provided evidence that LDL-C is an increased risk factor of
CRN development (summary RR=1-07; 95 % CI 1-00, 1-14,
P=0-04; Fig. 3(a)). A random-effects model was con-
sidered for summary RR due to the existence of hetero-
geneity of the included eight studies (Q=79-32, P value
for heterogeneity <0-00001, 7°=90%), while the funnel
plot for potential publication bias was also conducted
(Fig. 3(b)). Results of the statistical analysis showed no
significant publication bias (Egger's P=0-573, Begg’s
P=0-835).

Finally, we performed analysis of studies to evaluate the
association between HDL-C and CRN. The included twenty-
three studies on HDL-C (ten cohort studies, four cross-
sectional and nine case—control studies) were published
between 1990 and 2013 (Tables 1 and 2) and involved a

C 2 31.33 37-30 42
total of 21426 CRN cases®091016-21,23,24,26-31,33,37-39,42)
18,20,33,37-39)

Seven studies were conducted in the USA®® ,
(23,30)
)

one in Sweden*?, one in Germany"”, two in China

four in Korea(6'9’1o’27), five in ]apan(24’26'28'29‘31), one in
Finland?" and two in European countries™™!” (Tables 1
and 2). A random-effects model was considered for a
summary RR as there was significant heterogeneity of the
included twenty-three studies (Q=63-10, P value for het-
erogeneity = 0-0001, 7% =57 %). Analysis of the twenty-three
studies indicated that HDL-C was not significantly asso-
ciated with CRN (RR=1-03; 95% CI 098, 1-07, P=0-25;
Fig. 4(a)), while the funnel plot for potential publication
bias was also analysed (Fig. 4(b)). Our result indicated that
there was no statistical evidence of publication bias (Egger’s
P=0-983, Begg's P=0-252).

Overall analyses on the association of serum
lipids and colorectal cancer

Eight publications in the present meta-analysis on TC (four
cohort and four case—control studies) and risk of CRC were
published between 1992 and 2012 and involved a total of
10 979 CRC cases (Table 1)®21:2223:34384249) gne srudy
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(a) :

Weight RR RR
Study or subgroup Log(RR)  sE (%) IV, random, 95% ClI 1V, random, 95% CI
Bayerdorffer 1993 0-3075 0-2707 16 1-36 (0-80, 2-31) -+
Bird 1996 0-1823 0-2069 26 1-20 (0-80, 1-80) -+
Bowers 2006 —-0-3011 0-1608 39 0:74 (0-54, 1-01) -1
Chung 2006 -0:6733 0-3437 11 0-51 (0-26, 1-00) —
Iso 2009 0-0296 0-0688 10-3 1-08 (0-90, 1-18) +
Kono 1990 02624 0-3158 12 1-30 (070, 2:41) e
Kono 1993 -0-2231 0-3537 10 0-80 (0-40, 1-60) —
Park 2000 0-8920 0-7157 0-3 2-44 (0-60, 9-92) —
Stocks 2010 0-0770 0-0393 137 1-08 (1-00, 1-17) 3
Stocks 2010 0 0:0316 145 1-00 (0-94, 1-06)
Tabuchi 2006 0-0392 0-0200 155 1-04 (1-00, 1-08)
Trichopoulou 1992 —0-6349 0-1436 4-6 0-53 (0-40, 0-70) -
Tsilidis 2010 —0-0305 0-3484 1-0 0-97 (0-49, 1-92) —_
van Duijnhoven 2011 -0-0834 0-0713 10-0 0-92 (0-80, 1-06) e
Wulaningsih 2012 0-1133 0-0578 115 112 (1-00, 1-25) 3
Yamada 1998 0-6931 0-3537 1-0 2:00 (1-00, 4-00)
Yang 2013 0-1222 0-1161 62 1-13 (0-90, 1-42) -
Total (95% Cl) 100-0 1-00 (0-93, 1-08)

L 1 1 J

Heterogeneity: 12 = 0-01; x? = 45-28, df = 16 (P = 0-0001); /

Test for overall effect: Z=0-09 (P = 0-93)

2-65%

0-01 01 1 10 100
Decreased risk (TC)Increased risk (TC)
RR (95% Cl)

(b)
2 -
1k
o S °
T of=
> =
g >
4
-+
-2 1

1
0 0-2 0-4
st of log(HR)

0-8

Fig. 1 Association between TC and CRN (adenoma and cancer combined): (a) forest plot; (b) funnel plot. In (a), the study-specific
RR and 95 % ClI are represented by the black square and horizontal line, respectively; the area of the black square is proportional to
the specific-study weight to the overall meta-analysis. The centre of the diamond presents the pooled RR risk and its width
represents the pooled 95 % CI. In (b), Begg’s funnel plot with pseudo 95 % Cl is presented (TC, total cholesterol; CRN, colorectal
neoplasm; RR, risk ratio; 1V, fixed-effects model; HR, hazard ratio)

was conducted in the USA®® 42)

Korea®? , two in Japan(25’43), one in Finlan
European countries*** (Table 1). Pooled data did not
support the association between TC and CRC (RR=0-95;
95% CI 0-85, 1-06, P=0-38). There was a statistically sig-
nificant heterogeneity among studies (Q=40-30, P value
for heterogeneity <0-00001, 72 =80 %; Table 3).

The association between serum TAG and risk of CRC
was analysed. Fourteen studies on TAG (eight cohort and
six case—control studies) and risk of CRC were published
between 1992 and 2012 and involved a total of 13 785 CRC
cases (Table 1)#160:17:22243234.3537384043) iy studies were
conducted in the USA!6-323%37:38:40) , one in Sweden(42), one
in Korea®?, one in Austria®" two in Japan®** and three in
European countries™73? (Table 1). The association of
serum TAG with CRC risk was not observed (RR=1-07; 95 %

, one in Sweden
e

, one in
and two in

CI 099, 1-15; P=0-10). A random-effects model was con-
structed as there was statistically significant heterogeneity
among studies (Q=31-81, P value for heterogeneity =0-01,
1*=50%; Table 3).

The association between serum HDL-C and risk of CRC
was then analysed in our study. Nine studies on HDL-C (six
cohort and three case—control studies) and risk of CRC
were published between 1992 and 2012 and involved a
total of 7328 CRC cases (Table 1)®16:17:212433.37.3842) poyp
studies were conducted in the USA“®3%373%  gne in
Sweden“?, one in szan(24), one in Finland®® and two in
European countries ™! (Table 1). The pooled RR of serum
HDL-C for CRC was 097 (95% CI 0-80, 1-18, P=0-77),
suggesting no significant relevance. Statistically significant
heterogeneity existed among studies (Q=33-01, P value
for heterogeneity = 0-0001, 7* =73 %; Table 3).
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(a) .
Weight RR RR

Study or subgroup Log(RR) sE (%) IV, random, 95% CI 1V, random, 95 % CI
Ahmed 2006 0-0770 0-1531 1-2  1-08 (0-80, 1-46) -
Aleksandrova 2011 0-3075 0-1831 0-8 1-36(0-95, 1-95) —
Aleksandrova 2011 0 0-1820 0-8 1:00(0:70, 1-43) -
Ashbeck 2009 -0-1278 0-2306 0-5 0-88(0-56, 1-38) —
Ashbeck 2009 —0-1393 0-1566 1-1  0-87 (0-64, 1-18) -t
Ashbeck 2009 02469 0-1685 1-0 1-28(0-92,1-78) —
Ashbeck 2009 —0-0305 0-1112 21 0-97 (0-78,1-21) +
Bird 1996 0-4055 0-2069 07 1-50 (1-00, 2-25) —
Chung 2006 —0-2485 0-2694 0-4 0-78 (0-46, 1-32) —
Hu 2011 0-1655 0-1326 1-5 1-18(0-91, 1-53) -
Inoue 2009 —0:1744 01717 09 0-84(0:60, 1-18) -t
Kaneko 2010 0-0100 0-0051 16-5 1-01 (1-00, 1-02)

Kaneko 2010 0 0-0051 16-5 1:00 (0-99, 1-01)

Kim 2007 0-1484 0-0966 26 1-16(0-96, 1-40) -
Kim 2012 —0-1744 01717 09 0-84 (0-60, 1-18) -
Kono 1990 0-4055 0-3207 0-3 1-50(0-80, 2:81) +—
Kono 1993 —0-2231 0-2398 0-5 0-80(0-50, 1-28) —t
Liu 2010 02311 0-:0979 26 126 (1-04, 1-53) -
Morita 2005 0-1655 0-0948 27 1-18(0-98, 1-42) -
Otani 2006 0-4055 0-1582 1-1  1-50 (1-10, 2-05) —
Park 2000 1-:0919 0-4641 0-1  2:98 (1-20, 7-40) _
Saydah 2003 —0-3711 0-2656 0-4 0-69 (0-41, 1-16) —
Stocks 2010 0-0198 0-0582 57 102 (091, 1-14) L
Stocks 2010 0-1570 0-0504 6-8 1-17 (1-06, 1-29) e
Sturmer 2006 —0-1054 0-1282 1-6 0:90 (0-70, 1-16) -t
Tabuchi 2006 0-1222 0-0624 52 1-13(1-00, 1-28) e
Trevisan 2001 0-0100 0-1001 25 1-01(0-83, 1-23) +
Trichopoulou 1992 —0-2107 0-2461 05 0-81(0-50, 1-31) -t
Tsilidis 2010 —0-1625 0-3846 0-2 0-85(0-40, 1-81) —
Tsushima 2005 0:0677 0-1484 12 1-07 (0-80, 1-43) -+
Ulmer 2009 0-0770 0-1468 1-3 1-08 (0-81, 1-44) +
Ulmer 2009 0-4447 0-2269 05 1-56 (1-00, 2-43) —
van Duijnhoven 2011 0-0296 0-0688 4-5 1-03(0-90, 1-18) r
Waulaningsih 2012 0-1655 0-0358 96 1-18(1-10, 1-27) g
Yamada 1998 1-0986 0-3889 0-2 3:00 (1-40, 6-43) —_
Yang 2013 0-3075 0-0639 50 1-36(1-20, 1-54) -
Total (95% Cl) 100-0  1-08 (1-05, 1-12)

Heterogeneity: 12 = 0-00; %2 = 110-44, df = 35 (P < 0-00001); /% = 68%

Test for overall effect: Z=4-61 (P < 0-00001)
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0-1 1 10
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(TAG) (TAG)
RR (95% Cl)
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Fig. 2 Association between TAG and CRN (adenoma and cancer combined): (a) forest plot; (b) funnel plot. In (a), the study-specific
RR and 95 % ClI are represented by the black square and horizontal line, respectively; the area of the black square is proportional to
the specific-study weight to the overall meta-analysis. The centre of the diamond presents the pooled RR risk and its width
represents the pooled 95% CI. In (b), Begg’s funnel plot with pseudo 95% CI is presented (CRN, colorectal neoplasm;
RR, risk ratio; 1V, fixed-effects model; HR, hazard ratio)
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Weight RR RR
Study or subgroup Log(RR) SE (%) IV, random, 95 % CI IV, random, 95 % CI
Bayerdorffer 1993 0-6471 0-0904 94 1-91 (1-60, 2-28) -
Kaneko 2010 0 00103 266 1-00 (0-98, 1-02)
Kaneko 2010 0 0-0051 271 1-00 (0-99, 1-01)
Kono 1993 —0-2231 02398 19 0-80 (0-50, 1-28) —_—
Park 2000 0-2700 06053 0-3 1-31 (0-40, 4-29) —_—
Schoen 1999 -0-6931 02606 16 0-50 (0-30, 0-83) —_
van Duijnhoven 2011 —0-0726 0-0768 11-4 0-93 (0-80, 1-08) -
Waulaningsih 2012 -0-2107 0-2461 18 0-81 (0-50, 1-31) —t
Yang 2013 01740 00401 198 1-19 (110, 1-29) ]
Total (95% Cl) 100-0 1-07 (1-00, 1-14) )
Heterogeneity: 12 = 0-00; %2 = 79-32, df = 8 (P < 0-00001); /2= 90% 0.61 0f1 ] 1'0 1(')0
Test for overall effect: Z=2-01 (P = 0-04) Decreased risk Increased risk
(LDL-C) (LDL-C)

RR (95% Cl)

Log(HR)

0 0-2 0-4
sk of log(HR)

0-6

Fig. 3 Association between LDL-C and CRN (adenoma and cancer combined): (a) forest plot; (b) funnel plot. In (a), the study-
specific RR and 95 % CI are represented by the black square and horizontal line, respectively; the area of the black square is
proportional to the specific-study weight to the overall meta-analysis. The centre of the diamond presents the pooled
RR risk and its width represents the pooled 95 % CI. In (b), Begg’'s funnel plot with pseudo 95% CI is presented (LDL-C,
LDL-cholesterol; CRN, colorectal neoplasm; RR, risk ratio; 1V, fixed-effects model; HR, hazard ratio)

There were three studies regarding LDL-C (two cohort
and one case-control study) and risk of CRC that were
published between 1990 and 2013 and involved a total
of 5322 CRC cases (Table 1)*3*%? One study was
conducted in the USA®® | one in Sweden™® and one in
European countries® (Table 1). The association between
serum LDL-C and CRC risk was not observed (RR =0-88;
95% CI 0-77, 1-01, P=0-07). A fixed-effects model was
used as there was no statistically significant heterogeneity
among studies (Q=75-34, P value for heterogeneity = 0-07,
1> =063 %; Table 3).

Overall analyses on the association of serum
lipids and colorectal adenoma

Nine studies reporting associations between TC (five
cross-sectional and four case—control studies) and risk of
CRA were published between 1990 and 2013 and involved
a total of 10935 CRA cases (Table 2)®10:19:20.22.25.29.36.39)
Two studies were conducted in the USA“*3”
Germany"'?, three in Korea®*?? and three in Japan!
(Table 2). The results from nine studies showed that serum

, one in
(28,29,36)

TC had a significant association with risk of CRA (RR=1.04;
95% CI 1.01, 1-09, P=0-02) and there was no significant
heterogeneity among these studies (Q=5-26, P value for
heterogeneity = 0-73, I =0 %; Table 3).

We next performed a meta-analysis specifically for TAG
and risk of CRA. The sixteen studies on TAG (four cohort
studies, four cross-sectional and eight case—control studies)
and risk of CRA were published between 1990 and
2013 and involved a total of 17830 CRA cases
(Table 2)(©8710:18:2022.23.2631.36.39 Thee studies were con-
ducted in the USAY®293 five in Korea®>192227 two in
China®**” and six in Japan(8’26’28’29’31’36) (Table 2). The
pooled RR for CRA was 1-06 (95 % CI 1-03, 1-10, P=0-0009)
which indicated that serum TAG was significantly asso-
ciated with CRA development. Significant between-study
heterogeneity was found in this analysis (Q=62-15, P value
for heterogeneity <0-00001, I° =69 %; Table 3).

There were fourteen studies on HDL-C (four cohort stu-
dies, four cross-sectional and six case—control studies) and
risk of CRA published between 1990 and 2013 and involved
a total of 14098 CRA cases (Table 2)(©910:18-2023.26-3139)
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(a) Weight RR RR
Study or subgroup Log(RR) SE (%) IV, random, 95% CI 1V, random, 95 % CI
Ahmed 2006 0-1740 0-1425 2:2 1-19 (0-90, 1-57) ™
Aleksandrova 2011 —0-0943 0:1876 1-3 0-91 (0-63, 1-31) -
Aleksandrova 2011 0-3075 0-1369 23 1-36 (1-04, 1-78) —
Ashbeck 2009 —0-1508  0-2567 07 0-86 (0-52, 1-42) —
Ashbeck 2009 -0-0619 0-1221 28 0-94 (0-74, 1-19) -
Ashbeck 2009 —0-1393 0-1647 17 0-87 (0-63, 1-20) -1
Ashbeck 2009 02469 0-1854 1-3 1-28 (0-89, 1-84) T
Bayerdorffer 1993 —0-4943 0-2153 1-0 0-61 (0-40, 0-93) ——
Bird 1996 0-4700 0-2936 05 1-60 (0-90, 2-84) T
Bowers 2006 0-0862 0-1578 1-8 1-09 (0-80, 1-49) - —
Hu 2011 -0-0619 0-1432 21 0-94 (0-71, 1-24) -
Inoue 2009 01222 01762 15 1-13 (0-80, 1-60) -
Kaneko 2010 0-0198 0-0101 229 1-02 (1-00, 1-04)
Kaneko 2010 0-0100 0-0051 23-8 1-01 (1-00, 1-02)
Kim 2007 0-0677 0-1235 28 1-07 (0-84, 1-36) T
Kim 2012 01222 0-1762 15 1-13 (0-80, 1-60) —
Kono 1990 -0-5108  0-3537 04 0-60 (0-30, 1-20) —_—
Kono 1993 0-0953  0-3093 05 1-10 (0-60, 2-:02) —_—
Liu 2010 0-2624  0-0852 52 1-30 (1-10, 1-54) -
Morita 2005 -0-1625 0-1693 16 0-85 (0-61, 1-18) —r
Park 2000 0-8020 0-5230 02 2:23 (0-80, 6-22) -—
Schoen 1999 -0-5108  0-3537 0-4 0-60 (0-30, 1-20) —_—
Trevisan 2001 -0-0834 0-3319 04 0-92 (0-48, 1-76) —_—
Trichopoulou 1992 -0-7985 0-2069 11 0-45 (0-30, 0-68) ——
Tsilidis 2010 —0-0834 0-3649 04 0-92 (0-45, 1-88) —_—
van Duijnhoven 2011 —0-1863  0-0869 50 0-83 (0-70, 0-98) -
Wulaningsih 2012 0-2624  0-1339 2:4 1-30 (1-00, 1-69) —
Yang 2013 0-0862 0-0440 12:2 1-09 (1-00, 1-19) ]
Total (95% Cl) 100-0  1-03(0-98, 1-07)
Heterogeneity: <% = 0:00; ;% = 6310, df = 27 (P= 0:0001); 12=57% (07 o1 ] " 100
Test for overall effect: Z=1-16 (P = 0-25) Decreased risk Increased risk

(HDL-C) (HDL-C)

RR (95% Cl)

(o)
1=
05 -
T o o
T of=
D
S
-05 — E
-1

sk of log(HR)

Fig. 4 Association between HDL-C and CRN (adenoma and cancer combined): (a) forest plot; (b) funnel plot. In (a), the study-
specific RR and 95 % CI are represented by the black square and horizontal line, respectively; the area of the black square is
proportional to the specific-study weight to the overall meta-analysis. The centre of the diamond presents the pooled
RR risk and its width represents the pooled 95% CI. In (b), Begg’s funnel plot with pseudo 95 % CI is presented (HDL-C,
HDL- cholesterol; CRN, colorectal neoplasm; RR, risk ratio; 1V, fixed-effects model; HR, hazard ratio)
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Table 3 Summary risk estimates of the association between serum lipids and colorectal cancer and adenoma risk

Heterogeneity test

Number of studies P RR 95% Cl P Q 12 (%)
TC and colorectal cancer risk

Eight 0-38 095 0-85, 1-06 <0-00001 40-30 80
TAG and colorectal cancer risk

Fourteen 0-10 1.07 099, 115 0-01 31.81 50
HDL-C and colorectal cancer risk

Nine 0.77 0.97 0-80, 1-18 0-0001 33.01 73
LDL-C and colorectal cancer risk

Three 0.07 0-88 0.77, 1.01 0.07 5.34 63
TC and colorectal adenoma risk

Nine 0-02 1.04 1.01, 1-09 073 5.26 0
TAG and colorectal adenoma risk

Sixteen 0-0009 1.06 1.03, 1-10 <0-00001 6215 69
HDL-C and colorectal adenoma risk

Fourteen 012 1.03 0-99, 1-06 0-03 29-88 43
LDL-C and colorectal adenoma risk

Five 0-003 1-11 1.04, 1-19 <0-00001 70-43 93

RR, risk ratio; TC, total cholesterol; HDL-C, HDL-cholesterol; LDL-C, LDL-cholesterol.

Three studies were conducted in the USA®82%:5

Germany(w) , two in China®?3? | four in Korea
four in Japan®®?*?*3V (Table 2). A pooled analysis of
these fourteen studies showed that the RR for CRA with
serum HDL-C was 1-03 (95 % CI 0-99, 1-06, P=0-12) with a
significant heterogeneity indicated (Q=29-88, P value for
heterogeneity = 0-03, 12 =43 %; Table 3).

Finally, we performed a meta-analysis specifically for
the association between LDL-C and risk of CRA. Five stu-
dies on LDL-C (one cohort study, three cross-sectional and
one case-control study) and risk of CRA were published
between 1990 and 2013 and involved a total of 7151 CRA
cases (Table 2)19192029 Ope study was conducted in
Germany(w), two in Korea®'® and two in Japan%’zg)
(Table 2). Because there was statistical heterogeneity among
studies (Q=70-43, P value for heterogeneity < 0-00001,
I’=93%), the random-effects model was applied. The
pooled RR for CRA was 1-11 (95 % CI 1-04, 1-19, P=0-003)
which presented an increased risk for CRA (Table 3).

, one in
(69.10.27) 414

Subgroup and sensitivity analyses

The association of lipid components with risk for CRN was
performed by subsets within the study design, geographic
area, age, gender or the number of cases. Table 4 presents
detailed results of subgroup analyses.

We performed a sensitivity analyses to explore the
heterogeneity among studies of serum lipids and CRN. By
using a stepwise process, we determined that most of the
heterogeneity was accounted for in two studies®"*®
reporting the association between TC and CRN. After
excluding the two studies, there was no study hetero-
geneity (P=0-15, I*=27 %) and the RR for CRN was 1-04
(95% CI 1.01, 1-07). Most of the heterogeneity was
accounted for in eight studies® 103234304243 ropirting
the association between TAG and CRN. After excluding
these studies, there was no study heterogeneity (P=0-11,

1*=26%) and the RR for CRN was 1-01 (95% CI 1-00,
1.01). We found that most of the heterogeneity was
accounted for in two studies"'*'” reporting the association
between HDL-C and CRN. After excluding the two studies,
there was no study heterogeneity (P=0-14, I* =38 %) and
the RR for CRN was 1-00 (95 % CI 0-99, 1-01). Most of the
heterogeneity was accounted for in four studies'!”193%3®
reporting the association between LDL-C and CRN. After
excluding these studies, there was no study heterogeneity
(P=0-16, I* =23 %) and the RR for CRN was 1-01 (95 % CI
1-00, 1-02).

Discussion

Our data clearly indicated the positive association
between serum TAG and LDL-C and the increased risk of
CRN. Subgroup analysis indicated that serum TAG was
associated with an increased risk of CRA, but not CRC. It
remains uncertain whether TAG is the causal factor
responsible for increasing the risk of CRA but not for CRC,
although several mechanisms have tried to explain the
association between increasing TAG levels and CRN risk.
Serum TAG plays an important role in insulin-like growth
factor-1 levels™”, a hormone with proliferative and
anti-apoptotic effects. It is demonstrated that the insulin/
insulin-like growth factor-1 pathway increases the activity
of the ras protein occurring in abnormal colonocytes and
stimulates the progression of adenomas into cancers
through mediating mitogenicity by activation of K-ras“*>.
Additionally, hypertriacylglycerolaemia also increases pro-
inflammatory cytokines, including IL-6 and TNF-a, while
decreasing anti-inflammatory cytokines such as IL-10. The
increased inflammatory response has been linked to DNA
damage and to effects on the growth, apoptosis and
proliferation of colorectal tumour cells. Furthermore, high
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Table 4 Results of subgroup analysis of serum lipids and colorectal neoplasm risk

Heterogeneity test

Subgroup No. of studies P RR 95% CI P 12 (%)

TC and colorectal neoplasm risk
Study design

Cohort 4 0-32 1.04 097, 1-11 0-07 53
Case—control 7 0-65 0-93 0-66, 1-29 0-0003 76
Cross-sectional 5 0-03 1.04 1-00, 1-08 0-64 0
Study location
Asia 9 0-02 1.04 1.01, 1-08 017 31
Europe 4 075 1-01 093, 1-10 0-03 64
USA 3 0-54 0-83 0-46, 1-50 0-003 82
Age (years)
<60 9 0-92 0-99 0-83, 1-18 0-02 57
>60 2 0-19 1.03 0-98, 1-08 0-24 30
Gender composition
Male 3 0-56 114 073, 1.77 0-32 13
Female and male 13 0-99 1.00 0-93, 1-08 0-0001 70
No. of cases
<1000 11 072 0-96 0-75, 1-22 0-0002 71
>1000 5 0-01 1.04 1.01, 1-07 018 34
TAG and colorectal neoplasm risk
Study design
Cohort 12 0-01 1.04 1.01, 1-07 0-0001 64
Case—control 13 0-02 1-16 1.02, 1-32 0-01 52
Cross-sectional 14 0-05 119 0, 1-43 0-05 62
Study location
Asia 15 0-001 1.07 1.03, 1-11 0-0001 77
Europe 4 0-0001 113 1-08, 1-18 0-14 40
USA 9 0-95 1-00 0-91, 1-09 0-43 2
Age (years)
<60 11 0-0001 1-16 1-10, 1-22 0-10 36
>60 4 0-08 111 0-99, 1-24 0-04 52
Gender composition
Male 4 0-24 1.25 0-86, 1-81 0-07 58
Female and male 25 0-0001 1-08 1-04, 1-11 0-0001 69
No. of cases
<1000 20 0-07 1.03 1.00, 1-07 0-0001 58
>1000 11 0-003 110 1.03, 1-18 0-02 48
HDL-C and colorectal neoplasm risk
Study design
Cohort 10 0-004 1.01 1.00, 1-02 0-08 37
Case—control 9 0-68 0-96 0-79, 117 0-0001 69
Cross-sectional 4 0-39 0-85 0-59, 1-23 0-02 69
Study location
Asia 12 0-10 1.03 099, 1-07 0-02 51
Europe 4 0-53 1.07 0-86, 1-34 0-008 71
USA 7 0-46 0-92 074, 1-14 0-005 62
Age (years)
<60 11 079 1-02 0-88, 1-18 0-002 63
>60 3 0-82 0-98 0-84, 1-14 017 35
No. of cases
<1000 17 0-46 1.02 097, 1.07 0-0001 60
>1000 6 0-47 1.04 093, 1-17 0-03 52
LDL-C and colorectal neoplasm risk
Study design
Cohort 3 0-85 1-00 097, 1-02 0-05 62
Case—control 2 0-38 0-94 0-81, 1-09 0-57 0
Cross-sectional 5 0-003 111 1.04, 119 0-0001 93
Study location
Asia 3 0-23 1.28 0-86, 1-90 0-0001 93
Europe 2 0-25 0-92 0-80, 1-06 0-59 0
USA 1 0-008 0-50 0-30, 0-83 - -
Age (years)
<60 4 0-80 1.06 0-66, 172 0-0001 93
>60 1 0-008 0-50 0-30, 0-83 - -
Gender composition
Male 2 0-48 0-86 0-55, 1-32 0-45 0
Female and male 6 0-03 1.08 1.01, 1.15 0-0001 92
No. of cases
<1000 5 0-10 1.07 099, 1-15 0-0001 92
>1000 3 0-87 1.02 0-82, 1-27 0-007 80

RR, risk ratio; TC, total cholesterol; HDL-C, HDL-cholesterol; LDL-C, LDL-cholesterol.
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levels of serum TAG may also result in oxidative stress and
in the development of reactive oxygen species”*®, which
could damage DNA and affect carcinogenesis by affecting
gene expression, mutation and chromosomal rearrange-
ment”. Serum TAG may also affect colorectal tumor-
igenesis by mechanisms involving modification of bile
acid excretion, circulating hormones and energy supply to
neoplastic cells"*®. Experiments with animal models indi-
cated that Apc-deficient mice showed age-dependent
hypertriacylglycerolaemia and a number of intestinal
polyp formations, which could be suppressed by anti-
hyperlipidaemic medicines. This was confirmed by
another report that azoxymethane injection in obese rats
with hypertriacylglycerolaemia resulted in an increased
number of advanced colon aberrant crypt foci, which are
putative precursors of colon cancer'™®. In Apc-deficient
FAP model mice, because of the reduced activity of the
lipoprotein lipase, serum TAG and intestinal polyp for-
mation decreased significantly after systemic administra-
tion of a PPAR ligand®”. Although the biological or
molecular mechanism is unclear so far, experiments with
animal models most likely showed a clear association
between TAG and intestinal neoplasms. Further laboratory
and epidemiological studies are still necessary to shed
light on the association between serum TAG and CRN
development.

Our meta-analysis showed no positive association
between TC level and the prevalence of CRN or CRC,
although a suggestive association was observed in CRA. A
prospective study showed a significant association
between serum TC and CRC, which also indicated the risk
was higher in patients with colon cancer than with rectal
cancer®. The possible association between TC and
colorectal tumorigenesis may be at least partly caused by
genetic factors, such as an apoE phenotype which affects
both cholesterol metabolism and susceptibility to carci-
noma®?. However, the pooled results of our study did not
provide evidence for the association between TC and
CRN. In our study, we found different associations of
serum TC with CRA and CRC. Further research including a
large number of studies is necessary to clarify this issue.

In our meta-analysis, higher levels of serum LDL-C were
significantly associated with an increasing prevalence of
CRN, while serum HDL-C levels were not significantly
associated with a decreasing prevalence of CRN. Subgroup
analysis demonstrated the positive association between
serum LDL-C and CRA, although it was not associated with
CRC. HDL-C, however, did not associate with either CRA
or CRC. Previous studies have demonstrated that lipids
and lipoproteins have been associated with neoplastic
processes such as inflammation®; insulin resistance and
oxidative stress. Although there are several possible
mechanisms whereby serum lipoproteins influence CRC,
little is known regarding the mechanisms by which LDL-C
and HDL-C participate in colorectal carcinogenesis.
Further mechanistic studies are needed to understand the

Y Tian et al.

deferent roles of LDL-C and HDL-C in the development of
CRA as well as advanced carcinoma.

The other important finding is that none of the com-
ponents of serum lipids included in the present meta-
analysis (TAG, TC, HDL-C and LDL-C) was significantly
correlated with the development of CRC, although positive
associations between serum TAG, TC and LDL-C and CRA
were found. It was previously reported the significant
association of LDL-C with low-grade but not with high-
grade CRA®® | a stronger correlation between high levels
of serum TAG and the number of adenomas, and different
associations of serum lipids and adenomas according to
histological examination®. With the accumulated data, it
is difficult to interpret the different effects of serum lipids
on CRA and CRC because of the limited mechanisms that
have demonstrated a clear biological plausibility for dif-
ferential effects of lipids on the development of adenoma
and advanced carcinoma. Because the potential effects of
lipid parameters on different stages of colorectal carcino-
genesis have not yet been established, this provides a
potential chance for further study.

Our meta-analysis of studies with large numbers of
incident cases provides high statistical power for estimat-
ing the relationship between components of serum lipids
and prevalence of CRN. Despite the strength of the meta-
analysis, our study also has several limitations. First,
several studies we included are observational. Second, a
meta-analysis is not able to solve problems with con-
founding factors because it did not take into account other
possible confounding variables such as dietary patterns,
family history of colon cancer and alcohol use, which
might be associated with the risk of CRN. However, most
studies in the meta-analysis adjusted for other known and
potential risk factors for CRN development. Third, het-
erogeneity may be introduced because of methodological
and demographic differences among studies, although
appropriate well-motivated inclusion criteria were used.
Fourth, the RR values of the baseline serum lipids were
endorsed by different panels/organizations in the original
studies. Finally, the individual studies may adjust for
different covariates including diets, which may affect our
results. It is reported that several attributes of diet (such as
alcohol and high intake of saturated fats) appear to alter
levels of individual lipids®*>>. Many of these diets, which
determine serum lipid levels, are established risk factors
for CRN®®”_ Therefore, dietary factors might be an
important confounding factor in our study.

Conclusion

In conclusion, the present systematic review and meta-
analysis demonstrated that high levels of serum TAG and
LDL-C are positively associated with the prevalence of
CRN. In addition, persons with high levels of the serum
lipid components TC, TAG and LDL-C have a greater risk
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of suffering from CRA but not CRC. Neither CRA nor CRC is
linked with serum HDL-C levels. Given the rise in the
epidemic of dyslipidaemia worldwide, health-care providers
should be more vigilant and adhere with colorectal
carcinogenesis screening guidelines in subjects with dys-
lipidaemia, especially those with abnormal serum TAG, TC
and LDL-C levels.
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