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A case—control study on the
association of abdominal obesity and
hypercholesterolemia with the risk of
colorectal cancer

Vaidehi Ulaganathan, Mirnalini Kandiah', Zalilah Mohd Shariff?

Abstract:

BACKGROUND: Obesity has frequently been associated with the dyslipidemic state and with the
risk of various chronic diseases.

OBJECTIVE: The objective of this study was to determine the relationship between obesity and
blood lipids with a risk of colorectal cancer (CRC).

METHODOLOGY: Histologically confirmed CRC patients from five local hospitals were matched with
cancer-free controls for age, gender, and ethnicity (n = 140: 280). The study participants underwent
physical assessment for the presence of obesity and 10 mL of fasting blood was drawn for blood
lipid analysis.

RESULTS: In this study, abdominal obesity significantly doubled the risk of CRC (adjusted
odds ratio [AOR] =1.69, 95% confidence interval [Cl] = 1-2.83). Hypercholesterolemia and
low high-density lipoprotein cholesterol (HDL) increased the risk of CRC more than twofolds
(AOR = 2.6, 95% CI = 1.7-3.9 and AOR = 3.8, 95% CI = 2.3-6.3, respectively). Abdominal obesity
and hypercholesterolemia synergically doubled the risk of CRC (AOR =2.0, 95% Cl = 1-4). Low-HDL
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Introduction

besity has been identified as a

prime candidate for cardiovascular
diseases, type II diabetes mellitus (T2DM),
dyslipidemias, and a host of related
complications.! According to the World
Health Organization (WHO), more
than 1.9 billion adults worldwide were
overweight, with 650 million obese adults
in 2016, and this number will increase if no
remedial strategies are taken. The incidents
are expected to escalate to 573 million
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has shown no synergic association with other dyslipidemic states with an increased CRC risk.

CONCLUSION: Improving abdominal obesity, hypercholesterolemia, and low HDL may be a clinically
relevant strategy to reduce the risk of CRC among Malaysians.

Abdominal obesity, colorectal cancer, hypercholesterolemia

by 2030. The WHO has estimated that
1.9 billion (39%) of adults aged 18 years
and above were overweight. Of this
total, approximately 650 million (13%)
were diagnosed with obesity. The rate of
mortality was higher among overweight
and obese adults compared to those who
were underweight.?

Few decades ago, excess body mass index
(BMI) was identified as independent risk
factor of cardiovascular disease (CVD)
and T2DM. However, recent studies have
hypothesized that increased body adipose
tissue is a significant risk factor for various
cancers, including colorectal cancer (CRC)."!
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In obesity-pandemic regions, the medical consequences
are already quantifiable, and obesity-related cancer risk
is an important medical concern. In Malaysia, cancer
is now the 4" leading cause of death, accounting for
about 10.11% of all deaths. CRC is the first cause among
males (56.5%) and third among females (43.5%).1

Obesity was hypothesized as being associated with
tissue inflammation by regulating dyslipidemia, which
is associated with the development of CRC.P! Yet, its
adverse effects on multiracial countries such as Malaysia
are still unknown. It is important to measure the role of
obesity on the risk of CRC among Malaysians because
the lifestyle and dietary habits of the population are
different, compared to other populations that have
significant risks of CRC with the presence of obesity.
Nevertheless, it is very important to identify a necessary,
invasive screening tool to diagnose those at considerable
risk of CRC. Therefore, this Malaysian multicentered
case—control study aims to investigate the associations
of obesity and blood lipids with a CRC risk.

Methodology

Study subjects

A total of 140 newly diagnosed CRC cases were recruited
and two cancer-free controls were matched for age, sex,
and ethnicity with each case (n = 280). The study was
conducted from December 2009 to January 2012 in five
selected public hospitals in Peninsular Malaysia. This
study was approved by the Medical Research Ethics
Committee of the Universiti Putra Malaysia and Ministry
of Health (MREC; NMRR-09-505-3994). A written
informed consent was taken from each individual that
participated in the study.

Assessment of obesity

The body weight of each study participant was measured
using TANITA HD-319 digital weight-scale (Taiwan
Zhen-Xin medical equipment Co., Ltd, Taipei, ROC).
Height was measured by a wall-mounted role-up
measuring tape (Seca 206). BMI, which indicates overall
obesity, was calculated and classified according to the
WHO.® Those with BMI =30 k/g? were categorized as
obese. The waist circumference (WC), which indicates
the abdominal obesity, was measured using a nonelastic
measuring tape Seca 201 (Vogel and Halke GmbH
and Co., Hamburg, Germany). Men with WC >102 cm
and women with WC >88 cm were categorized as
abdominally obese.”? The waist-hip ratio (WHR), which
indicates regional fat distribution, was calculated and
categorized according to the WHO (2008),”! where men
with WHR =1.0 and women with WHR =0.85 were
considered obese. Body fat percentage (BF%), which
determines the percentage of BF, was assessed using
the OMRON BF306 (HBF-306-E) electronic hand-held
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body fat monitor (Omron Healthcare Co., Ltd., Kyoto,
615-0085 Japan). Men with BF% >25% and women with
BF% >35% were considered at risk of obesity.

Assessment of blood lipid

Ten milliliters of fasting blood sample of venous blood
was collected by a trained and qualified paramedic
from each hospital. The fasting blood sample was
collected in the morning to control for circadian
intra-individual variations. The collected blood
samples were processed, separated, and stored at a
temperature of —80°C on the same day. Plasma lipids
(low-density lipoprotein (LDL)-cholesterol, high-density
lipoprotein [HDL]-cholesterol, and triglyceride) and
total cholesterol (TC) were determined using the Roche
Hitachi 902, the automated clinical chemistry analyzer.?!

Statistical analysis

Data were analyzed using Statistical Package for the
Social Sciences (SPSS) software (Version 23.0. Armonk,
NY: IBM Corp) and were described using frequencies (N),
percentages (%), means, and standard deviations.
Categorical variables were reported as absolute number and
percentage. Chi-square distribution was used to determine
the association between categorical variables. Odds
ratio (OR) was determined by Cox regression analysis, and
P <0.05 was considered statistically significant.

Results

Majority of the study participants were above 60 years
(59.3%). In this study, CRC was more prominent among
males (57.1%) and among Chinese (41.4%). Most of the
study participants were married (84.8%). A significantly
higher proportion of cases were illiterate or educated up
to primary only compared to controls (10.7% vs. 7.9%
and 44.3% vs. 29.6%, respectively; x* = 14.05, P = 0.003).
The proportion of cases who were unemployed or retired
was significantly higher than controls (35.7% vs. 31.4%
and 20.7% vs. 12.1%, respectively; x* = 8.05, P = 0.018).
Majority of the study participants (59.0%) had low
household income (<RM 1000) [Table 1].

Using Cox regression models, CRC risk factors were
examined in relation to four obesity and dyslipidemia
variables [Table 2]. This study found that an independent
presence of high WC (adjusted odds ratio [AOR] = 1.69,
95% confidence interval [CI] = 1.01-2.83) was significantly
associated with an increased risk of CRC. Assessment of
four variables of dyslipidemia showed that high TC and
low HDL cholesterol independently and significantly
increased the risk of CRC (AOR =2.57,95% CI = 1.68-3.93
and AOR = 3.79, 95% CI = 2.28-6.30, respectively).

In addition, the assessment of synergic effects of WC,
HDL cholesterol, and TC with the risk of CRC showed
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Table 1: Distribution of sociodemographic background of the study participants

Variables All, n (%) Case, n (%)" Control, n (%)" Ve P
Age (years), mean+SD 61.29+0.58 60.80+0.99 61.54+0.71
<50 81 (19.3) 27 (19.3) 54 (19.3) - -
51-60 90 (21.4) 30 (21.4) 60 (21.4)
>60 249 (59.3) 83 (59.3) 166 (59.3)
Gender
Male 240 (57.1) 80 (57.1) 160 (57.1) - -
Female 180 (42.9) 60 (42.9) 120 (42.9)
Race
Malay 147 (35.0) 49 (35.0) 98 (35.0) - -
Chinese 174 (41.4) 58 (41.4) 116 (41.4)
Indian 99 (23.6) 33 (23.6) 66 (23.6)
Marital status
Single 64 (15.2) 19 (13.6) 45 (16.1) 0.452 0.502
Married 356 (84.8) 121 (86.4) 235 (83.9)
Education level
Uneducated 37 (8.8) 15 (10.7) 22 (7.9) 14.05 0.003*
Primary 145 (34.5) 62 (44.3) 83 (29.6)
Secondary 174 (41.4) 51 (36.4) 123 (43.9)
Tertiary 64 (15.2) 12 (8.6) 52 (18.6)
Occupational background
Unemployed 138 (32.9) 50 (35.7) 88 (31.4) 8.052 0.018*
Retired 63 (15.0) 29 (20.7) 34 (12.1)
Employed 219 (52.1) 61 (43.6) 158 (56.4)
Household income (RM)
<1000 248 (59.0) 91 (65.0) 157 (56.1) 4171 0.124
1001-3000 142 (33.8) 38 (27.1) 104 (37.1)
>3000 30 (7.1) 11 (7.9) 19 (6.8)

*P<0.05, statistically significant. {Cases and controls were matched for age, gender, and race

that high WC and high TC synergically doubled the risk
of CRC (AOR = 2.0, 95% CI = 1.0-4.0). The presence of
low HDL with other variables of dyslipidemia showed
no synergic, independent, and significant association
with an increased risk of CRC [Table 3].

Discussion

In this study, having abdominal obesity significantly
doubled the risk of CRC. The current finding supports
the fact that people who are abdominally obese are
at a considerable risk of CRC, although they are
diagnosed with high BMLP! The finding adds evidence
that BMI measurements could not explain the overall
obesity-related disease dimension."" This is because the
difference between fat mass and muscle mass could not
be assessed solely with BML["! Studies have shown that
abdominal obesity was highly correlated with metabolic
and hormonal alterations.!"” This is based on the
mounting evidence that abdominal obesity is significantly
associated with insulin resistance, contributes to
hypertension, increases TC concentration, and lowers
HDL cholesterol concentration, hyperglycemia, and
T2DM, which are also established risk factors of
CRC.['*" Nevertheless, compelling evidence was found
linking WC with cancer progression and the increased
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likelihood that central obesity is an early step in the
pathophysiology of metabolic syndrome.!™!

Hypercholesterolemia and low HDL have significantly
increased CRC risk independently, with ORs ranging
from 2.5 to almost 4.0. Hypercholesterolemia acts
as a marker of an altered metabolism, which results
in excessive adiposity.l'! Besides that, adipose cells
have been identified as the body’s largest pool of free
cholesterol."” Through various releases and absorptions
of adipokines, like adiponectin and leptin, the adipocyte
maintains the cellular cholesterol homeostasis by
establishing intracell communication.!"®! This fact
supports the findings that CRC risk is more obvious
with a synergic effect between abdominal obesity and
hypercholesterolemia. A national study on obesity and
overweightness reported that dyslipidemia was assessed
among 14.5% of Malaysian adults. Low HDL cholesterol
was significantly associated with the increased risk of
overweightness and obesity, by 50% (OR = 1.47, 95%
CI; 1.18-1.83).11

Several potential biologic mechanisms have been
proposed to elucidate the underlying association
between dyslipidemia and the risk of CRC. High serum
cholesterol is involved in inflammation signaling
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Table 2: Prevalence, odds ratio, and 95% confidence interval of obesity and dyslipidemia assessment for

colorectal cancer

Characteristics Case, n (%) Control, n (%) 7 P OR* (95%Cl) Adjusted OR' (95%CI)
Assessment of obesity
WC
Normal 46 (32.9) 127 (45.5) 6.02 0.014 1t 1%
Obese 94 (67.1) 153 (54.6) 1.78 (1.14-2.78) 1.69 (1.01-2.83)
BF%
Normal 72 (51.4) 145 (51.8) 2.42 0.489 13 1%
High risk 68 (48.6) 135 (48.2) 0.97 (0.96-1.12) 0.99 (0.69-1.17)
BMI (kgm2)
Normal 124 (88.6) 251 (31.8) 1.11 0.74 1t 1%
Obese 16 (11.4) 29 (10.4) 1.10 (0.90-1.33) 1.78 (0.34-1.76)
WHR
Normal 37 (26.4) 89 (31.8) 1.28 0.26 “ “
High risk 103 (73.6) 191 (68.2) 8.22 (0.74-9.64) 1.00 (1.00-2.64)
Assessment of dyslipidemia
TC
Normal 42 (30.0) 191 (68.2) 8.18 <0.001 1+ 1%
High TC 98 (70.0) 89 (31.8) 1.86 (1.55-2.23) 2.57 (1.68-3.93)
HDL
Normal 34 (24.3) 146 (52.1) 29.6 <0.001 1t 11
Low HDL 106 (75.7) 134 (47.9) 3.28 (2.07-5.20) 3.79 (2.28-6.30)
LDL
Normal 66 (47.1) 180 (64.3) 11.3 0.001 1% 1%
High LDL 74 (52.9) 100 (35.7) 1.61 (1.34-1.92) 0.71 (0.47-1.07)
TG
Normal 58 (41.4) 84 (60.0) 4.29 0.038 1% 1%
High TG 82 (58.6) 58 (40.0) 1.56 (1.03-2.37) 0.86 (0.52-1.42)

*OR-Estimates of crude odds ratio from Cox regression equations, fOR-Estimates of odds ratio from Cox regression including terms for age, sex, race, education
level, occupational background, fasting blood glucose, history of chronic diseases, energy intake, total physical activity level, current smoking status, and current
alcohol consumption, ‘Reference group and Cl. Cl: Confidence interval, OR: Odds ratio

Table 3: Odds ratio and 95% confidence interval
of synergic effects between total cholesterol,

high-density lipoprotein cholesterol, and total

cholesterol for colorectal cancer
OR* (95%Cl)
2.02 (1.01-4.50)
2.5 (1.25-6.90)
2.5 (1.65-6.01)

Characteristics
High WC* High TC
High WC* High TC
High WC* Low HDL*
High TC
*OR-Estimates of crude OR from Cox regression equations, fOR- Estimates of
odds ratio from Cox regression including terms for age, sex, race, education level,
occupational background, fasting blood glucose, history of chronic diseases,
energy intake, total physical activity level, current smoking status, and current

alcohol consumption. HDL: High-density lipoprotein, WC: Waist circumference,
TC: Total cholesterol, Cl: Confidence interval, OR: Odds ratio

Adjusted OR' (95%CI)
1.65 (0.85-3.2)
2.0 (1.02-4.01)
2.1 (0.75-5.90)

and induces cellular proliferation as well as inhibits
apoptosis, which potentially leads to CRC carcinogenesis
and perhaps alters the gene expression.??! On the
other hand, compared to the normal cell, the plasma
membrane of a cancer cell has a higher concentration
of cholesterol-rich lipids that play a key role in the
transduction of Akt signaling pathways, influencing
the survival of cancer cells.” It is hypothesized
that an increased HDL cholesterol concentration is
associated with induction of interleukin 10 (IL-10), the
anti-inflammatory cytokines that inhibit the production
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of pro-inflammatory cytokines, including IL-6, and
tumor necrosis factors leading to the stimulation of cell
growth and cellular proliferation as well as inhibiting
apoptosis.?! HDL cholesterol perhaps plays a role in
antioxidative activities and modulates oxidative stress,
as well as protects cells against the adverse effect of
LDL cholesterol oxidation.”! Dyslipidemia may occur in
insulin resistance and metabolic syndrome, which have
been significant risk factors for CRC.1?!

The findings of this study could not indicate the long-term
variation of dyslipidemia before the diagnosis of the
disease because the lipid concentration was assessed in a
single plasma sample. However, being one of the largest
hospital-based case—controlled retrospective studies
in Malaysia dealing with the adjustment of detailed
anthropometry, lifestyle, and dietary factors adds to the
strength of the study.

Conclusion

This study suggested that a simple measurement of
WC indicating abdominal obesity corresponded to
the presence of a metabolic disorder and an increased
risk of CRC. To address this association, Malaysia needs
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a set of obesity prevention actions at the individual and
national levels, leading to meaningful changes at the
societal level to reduce the risk of CRC and other chronic
diseases. It is possible that obesity intervention could
have beneficial effects on reducing hypercholesterolemia
because it is strongly associated with an increased risk of
CRC. This strategy can be conveyed easily to the public
to reduce the prevalence of obesity and subsequently,
the risk of CRC. Every health-care provider should
assess WC as an additional anthropometry measurement
because this can add value for the better prediction of
CRC, other cancers, and other chronic diseases.
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