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Background. Epidemiologic findings on the effect of metabolic syndrome (MetS) and its treatment on colorectal cancer (CRC)
survival have been inconsistent and have not been previously studied in an Arab population such as the Omani population. Patients
and Methods. Data from the hospital records of 301 CRC patients treated in Sultan Qaboos University (SQUH), Oman, from 2006
to 2014 were analyzed retrospectively to determine the effects of MetS and its treatment on CRC survival. Overall survival (OS)
by MetS status and by medications for MetS components management was compared with Cox proportional models. Results. Of
the 301 patients, 76 (25.2%) had MetS, 20.3% were on insulin, 23.9% were on metformin, 25.6% took statins, 17.9% were on either
angiotensin converting enzyme inhibitors (ACEI) or angiotensin receptor blocker (ARB). Whereas metformin (HR, 0.46, 95%
CI, 0.25-0.84) and statins (HR, 0.58; 95% CI, 0.35-0.96) had a protective effect on OS, insulin (HR 1.73, 95% CI, 1.02-2.97) had a
detrimental effect. In subgroup analysis of diabetic subjects, a nonsignificant improvement in OS was observed in the metformin
treated patients compared to those on other hypoglycemic agents (HR, 0.92, 95% CI, 0.55-1.55). Neither MetS nor antihypertensive
drugs had any apparent effect on OS. Conclusions. Our result suggests that, among CRC patients with MetS, taking metformin and
statins may improve overall survival, whereas being on insulin may negatively impact CRC prognosis. Further studies are warranted
to determine the exact mechanism through which metformin, statins, and insulin exert their effects on CRC survival.

1. Introduction

Metabolic syndrome (MetS) represents a cluster of inter-
related biochemical and physiological abnormalities with
cardiovascular consequences. Different definitions of what
constitutes MetS have been proposed by several institutions
[1-4], and they all agree on the same basic components,
namely, (1) central obesity: body mass index (BMI) of 25
kg/m® or greater; (2) hypertension: antihypertensive drug
administration and/or systolic blood pressure of 140 mm
Hg or greater or diastolic blood pressure of 90 mm Hg or
greater; (3) abnormal blood lipid levels: high triglyceride
(TG) and/or low high density lipoproteins (HDLs) (i.e.,
TG: >1.7 mmol/L and/or HDL <.9 mmol/L for males; <1.0
mmol/L for females); and (4) high blood glucose level: fasting
plasma glucose (FPG) of 6.1 mmol/L or greater or 2-hour

postprandial plasma glucose (PPG) of 7.8 mmol/L or greater.
Consequently, the pharmacological management of MetS is
aimed at keeping these individual component values within
acceptable limits.

Besides the cardiovascular consequences of MetS, find-
ings from some epidemiological studies [5] and meta-
analyses [6] suggest there is a link between MetS and
colorectal cancer (CRC) risk and mortality though results
have been inconsistent [5-8]. Other studies have equally
evaluated the association between MetS management and
CRC survival with mixed results [9, 10]. CRC is the most
frequent cancer among Omani men and the third most
common in Omani women with incidence rates of 10.2 and
8.5 per 100,000 cases for men and women, respectively [11].
In 2013, CRC accounted for 9.0% of all-cause mortality in
adult Omani males and 8.3% in females [11]. Moreover, a
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recent observational study indicated a rising trend in type 2
diabetes, obesity, and other markers of MetS among Omani
adults [12]. Given that research findings may differ by race
or ethnicity [13] and the fact that effect of MetS and its
treatment on CRC survival has not been previously studied
in Arab population, our retrospective study was aimed at
evaluating the effect of MetS on CRC survival in the Omani
Arab population. We also examined if insulin, metformin,
statins, and ACEI/ARBs, agents commonly employed in the
treatment of MetS components, had an influence on CRC
survival.

2. Materials and Methods

We collected data from the hospital records of 301 colorectal
cancer patients diagnosed and treated in Sultan Qaboos
University Hospital (SQUH) from 2006 to 2014. Patients
with familial adenomatous polyposis syndrome (FAP) and
those with type 1 diabetes were excluded. Sample size cal-
culation done with the Power and Sample Size Calculation
software (PS Power), version 3.1 indicated that, based on
an accrual interval of 8-time units, additional follow-up
of 2-time units after the accrual interval, and a hazard
ratio of 1.5 in CRC subjects with MetS relative to those
without MetS [14], a sample size of 206 was needed to
be able to achieve 80% power in this study. However, the
entire eligible CRC cases available in the dataset within the
study period, 2006-2014, were 301, and this served as the
sample. Demographic and clinicopathological information
including age, gender, date of diagnosis, family history, body
weight and height at diagnosis, presence of hypertension,
diabetes, dyslipidemia, stage and grade of disease and tumor
location, and type of cancer treatment were extracted from
patients’ medical records. Information on smoking habits and
alcohol consumption was also captured and we reviewed the
medication profiles of each patient and extracted information
on medications for diabetes, hypertension, and dyslipidemia.
Ethical approval was granted by the Sultan Qaboos University
Medical Research and Ethics Committee (MREC # 1232).

2.1. Variables of Interest. Our outcome variable was overall
survival (OS) calculated from the date of diagnosis to the
date of death, censoring, or end of study on 31* December
2016, whichever came first. Our main exposure variable
was metabolic syndrome defined according to the American
Heart Association/National Heart, Lung, and Blood Institute
(AHA/NHLBI) criteria [3]. According to the AHA/NHLBI
criteria, a measure of any 3 of 5 of the following conditions
constitutes a diagnosis of metabolic syndrome: elevated waist
circumference >102 cm (>40 inches) in men and 88 cm
(=35 inches) in women, elevated triglycerides >150 mg/dL
(1.7 mmol/L) or on drug treatment for elevated triglycerides,
reduced HDL-C <40 mg/dL (1.03 mmol/L) in men and <50
mg/dL (1.3 mmol/L) in women or on treatment for reduced
HDL-C#, elevated blood pressure >130 mm Hg systolic
blood pressure or >85 mm Hg diastolic blood pressure
or on antihypertensive drug treatment in a patient with a
history of hypertension, and elevated fasting glucose >100
mg/dL or on drug treatment for elevated glucose. Secondary
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exposure variables were medications commonly used in
managing individual components of MetS: insulin, met-
formin, statins, and ACEI/ARBs. Each patient’s medication
profile was reviewed for a documentation of the medications
of interest. In addition to these medications, the use of
other antihypertensive medications or antidiabetic or lipid
lowering agents was also captured.

We calculated body mass index (BMI) for each patient
by dividing weight in kilograms by the square of height
in meters and categorized it into three levels: 18.5-24.99
kg/m?, 25-29.99 kg/m?®, and =30 kg/m? according to the
World Health Organization criteria [15]. BMI was further
collapsed into two categories, namely, “BMI < 30 kg/m*” (no
obesity) and “BMI >30 kg/mz” (obesity). Diabetes (yes/no),
defined as fasting plasma glucose > 7.0mmol/l (126mg/dl)
or 2 h plasma glucose > 11.Immol/l (200mg/dl), according
to the American Diabetes Association [16] cut points, was
captured by reviewing the patients’ admission notes for a
diagnosis of diabetes or by a review of patients” drug charts for
the presence of oral antidiabetic drugs or insulin. Similarly,
presence of hypertension and dyslipidemia (Yes/No) were
assessed from physicians’ admission notes and patients’ drug
charts for the presence of antihypertensive drugs and statins.
Age at the time of diagnosis was captured as a continuous
variable. However, age was recoded into a categorical variable,
“age group”, with 3 levels: < 40, 41-60, and > 61. Cancer stage
was categorized into three according to the TNM staging
system of the American Joint Committee on Cancer (AJCC
) [17] as stages 1 and 2, stage 3, and stage 4 representing
localized disease that had spread to regional lymph nodes or
metastasized to distant organs, respectively. Cancer treatment
was categorized into 4, surgery only, surgery +systemic ther-
apy, systemic therapy alone, and palliation, for those whose
systemic intervention did not include chemotherapy, but
was only aimed at controlling other symptoms of advanced
disease. Smoking habits” (ever or current users) and alcohol
consumption (ever or current users) were categorized as “yes
or “no”.

2.2. Statistical Analysis. 'To evaluate the statistical significance
of differences among proportions of categorical data, Chi-
square analyses were used. The nonparametric Fisher’s exact
test (two-tailed) replaced the Chi-square test in cases where
the expected frequency wasless than 5 in any of the cells in the
2 x 2 tables. Descriptive statistics including frequencies and
percentages were computed for all variables. After confirm-
ing that the proportional hazards assumption was met, we
generated Kaplan-Meir survival curves separately for MetS,
MetS treatment, and hypoglycemic agents and compared
them with the log-rank tests. For inferential statistics, we used
Cox proportional hazards models to assess the relationship
between MetS and OS and between each medication (insulin,
metformin, statins and ACEI/ARBs) and OS. We further
performed stratified analysis in the diabetic subgroup and
compared OS in diabetic subjects who took metformin versus
those who were on other hypoglycemic agents. For the pur-
pose of the subgroup analysis, “other hypoglycemic agents”
included all patients on insulin and/or oral hypoglycemic
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agents, except metformin. The multivariable Cox propor-
tional models were adjusted for age, cancer stage, cancer
treatment, BMI, smoking, alcohol intake, and tumor differ-
entiation. One set of multivariable model included only MetS
(without the medications) and the other set included the
medications (without MetS). Potential interactions among
the variables of interest were tested and hazard ratios with
their corresponding 95% confidence intervals were derived.
Statistical significance was set at a 2-sided p value of < 0.05.
All analyses were conducted with the International Business
Machine (IBM) SPSS Statistics version 21.0 for Windows
(SPSS Inc., and Chicago, Illinois, USA).

3. Results

3.1. Patient Characteristics. Our sample consisted of a total of
301 CRC patients of which 175 (58.1%) were males. Table 1
shows the distribution of patients’ demographic, tumor
characteristics, comorbidities, and medication use. The mean
age of the patients was 55 +15.15. Majority of the patients
had AJCC stage 3 or 4 disease, with moderately differenti-
ated tumor characteristics. Nearly half of the patients were
hypertensive (48.5%), a third of them had elevated blood
glucose (111 (36.9%)), one-fourth of patients had dyslipi-
demia (77 (25.6%)), and MetS were 76 (25.2%). Most of the
patients received either surgery plus chemotherapy (60.1%)
or chemotherapy alone (22.9%). In terms of medications for
MetS management, 20.3% of patients were on insulin, 23.9%
were on metformin, and 13.0% were on other antidiabetic
treatments. Twenty-five point six percent of patients took
statins, 17.9% were on either angiotensin converting enzyme
inhibitors (ACEI) or angiotensin receptor blocker (ARB), and
31.8% were on other types of antihypertensive agents.

3.2. Survival Outcomes. Table 2 and Figure 1 show the
median OS in months, the hazard ratios (HR), adjusted
for potential confounding variables, and corresponding 95%
confidence intervals (CI) for MetS and MetS treatment. Being
on metformin conferred a significantly longer median OS
compared to not taking metformin at 49.9 months versus
19.92 months, respectively (HR, 0.46; 95% CI, 0.25-0.84)
(Table 2, Figure 1(a)). Similarly, those taking statins had
significantly longer median OS at 111 months compared to
72 months for those who did not (HR, 0.58; 95% CI, 0.30-
0.97) (Table 2, Figure 1(b)). On the other hand, those on
insulin had a significantly lower median OS at 46 months
compared to 144 months for those not on insulin (HR, 1.73;
95% CI, 1.02-2.97) (Table 2, Figure 1(c)). However, MetS
had no statistically significant effect on OS in univariate
and multivariate analysis. Median OS for patients with
MetS was 114 months versus 94 months for those with
no MetS. The adjusted HR was 101 and 95% CI, 0.64-
1.59 (Table 2, Figure 1(e)). Likewise, ACEI/ARB (HR, 1.46
(95% CI, 0.89-2.38) had no effect on OS in univariate and
multivariate analysis (Table 2, Figure 1(d)). In the diabetic
subgroup stratified by metformin use, there was a statistically
significant difference in overall survival between the three
groups (log-rank P = 0.001). Median OS in months was more
favorable in the metformin group at 153 months (55.5-250.5)

compared to 29 months (16.12-41.84) in subjects who were
on other antidiabetic agents and 117 months (59.29-174.71)
in nondiabetic subjects (Table 3, Figure 1(f)). However, in
the univariate and multivariable adjusted Cox proportional
regression, the effect of metformin exposure on OS (HR,
0.92; 95% CI, 0.55-1.55) was not statistically significant
(Table 3).

4. Discussion

To the best of our knowledge, this is the first study to examine
the effects of MetS and its treatment on overall survival (OS)
in CRC patients in Oman. In this study, we found that use of
metformin was associated with favorable but nonstatistically
significant survival outcomes. The use statins also had a
protective association with OS. However, insulin use was
associated with unfavorable survival outcomes. There was
no association between MetS, use of ACEI/ARBs or other
antihypertensives, and CRC survival.

Consistent with findings from recent studies [18, 19],
we found that use of metformin had a protective effect on
OS. However, unlike these previous studies, the subgroup
analysis of diabetic subjects in our study revealed that though
the use of metformin was associated with favorable survival
(Table 3), it failed to reach statistical significance. It should
be noted that the diabetic subjects in our study were only 111
(Table 1) and may not have provided enough power for the
subgroup analysis. This lack of sufficient power could have
resulted in the observed inconsistency with previous results.
Our findings should therefore be interpreted with caution
until additional studies with larger samples have been done.
Another interesting finding from our study was that, in the
subgroup analysis (Table 3), subjects who took metformin
had a longer OS (153 months) compared to the nondiabetic
group (117 months), suggesting that, irrespective of the
presence of comorbid diabetes, metformin might confer
survival advantage for CRC patients in general. Metformin
is a biguanide used to treat hyperglycemia in most diabetic
patients and has been reported to have a protective effect
on breast and colon cancers [20]. Plausible mechanisms
by which metformin exert its anticancer effects have been
advanced by some studies [21-23]. One of such studies stated
that metformin inhibits the mammalian target of rapamycin
complex 1 (mTORCI) pathway [21]. The mTORCI pathway
plays a key role in metabolism, growth, and proliferation
of cancer cells [22]. Moreover, metformin was found to
reduce insulin level, inhibit insulin/IGF signaling pathways,
and modify cellular metabolism of insulin in normal and
cancer cells [23]. Increased tissue availability of circulat-
ing insulin/IGF1 and upregulation of insulin/IGF receptor
signaling pathways has been implicated in the formation
of different cancers in observational studies [24, 25]. The
potential benefits of metformin are currently the focus of
many studies on aging, autoimmune disorders, tuberculosis,
erectile dysfunction, and cancers [26]. The use of metformin
as a possible preventive intervention for CRC is one of such
studies [27].

In our study, use of statins improved OS similar to
the findings from other studies [28-30]. In a retrospective
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TaBLE 1: Demographic and clinicopathological characteristics of the sample N = 301.

Variable Number Percentage (%)
Age (y)

Mean + SD (y) 55 +15.15
<40 45 15
41-60 131 43.4
>61 125 41.5
Gender

Male 175 58.1
Female 126 41.9
AJCC stage

1&2 78 25.9
3 104 34.6
4 119 35.9
Tumor differentiation

Well 36 12.0
Moderate 209 69.4
Poor 46 15.3
Cancer Treatment

Surgery only 34 1.3
Surgery +Systemic therapy 181 60.1
Systemic therapy only 69 229
No treatment 17 5.6
Obesity

No 207 68.8
Yes 95 31.2
Elevated glucose/DM

No 190 63.1
Yes 111 36.9
Hypertension

No 155 515
Yes 146 48.5
Dyslipidemia

No 224 74.4
Yes 77 25.6
MetS

No 225 74.8
Yes 76 25.2
Insulin use

No 240 79.7
Yes 61 20.3
Metformin use

No 229 76.1
Yes 72 23.9
Statin use

No 224 74.4
Yes 77 25.6
ACEI/ARB use

No 247 82.1
Yes 54 17.9
Other antiHTN

No 206 68.4

Yes 95 31.8
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TaBLE 1: Continued.

Variable Number Percentage (%)
Aspirin Use

No 248 82.4
Yes 53 17.6
Anti-diabetic treatment

No Diabetes 190 63.1
Metformin 72 23.9
Other treatment 39 13.0
Status

Died 105 34.9
Censored 196 61.5

Note: AJCC: American Joint Committee on Cancer, ACEL: angiotensin converting enzyme inhibitors, DM: diabetes mellitus, antiHTN: antihypertensive, MetS:
metabolic syndrome, SD: standard deviation, and other treatments: insulin and/or other oral hypoglycemic agents, except metformin.

TABLE 2: Effect of metabolic syndrome and treatment on CRC survival.

Variable Crude HR 95% CI *Adjusted HR 95% CI
MetS

No Ref - -

Yes 0.89 0.57-1.38 1.01 0.64-1.59
ACEI use

No Ref -

Yes 2.06 1.19-3.56 146 0.89-2.38
Other anti-HTN

No Ref -

Yes 1.89 0.24-14.67 1.74 0.21-14.70
Metformin use

No Ref -

Yes 0.38 0.20 -0.71 0.46 0.25-0.84
Insulin use

No Ref -

Yes 1.28 1.09 -1.75 1.73 1.02-2.97
Statin use

No Ref -

Yes 0.42 0.25-0.74 0.58 0.30-0.97

MetS: metabolic syndrome. *Adjusted for age, sex, and cancer stage and tumor differentiation, cancer treatment, BMI, alcohol, and smoking.

study that investigated the effects of statins on overall sur-
vival of patients with a diagnosis of colon cancer in the
Netherlands, statin use was associated with a 34% reduc-
tion in colorectal cancer death in the subset of patients with
bone morphogenetic protein (BMP) signaling irrespective
of their KRAS status [28]. Similar results were obtained
from a large population-based cohort in the United King-
dom [29], which showed that statin use after diagnosis
of colorectal cancer was associated with longer rates of
survival (HR, 0.71; 95% CI, 0.61 - 0.84). A Scottish CRC
cohort study and updated meta-analysis showed that statin
use was associated with improved survival. However, the
strength of the associations varied markedly between studies
[30]. In one study, however, statin use was not associ-
ated with improved survival either independently or when
stratified by p53 and 3-hydroxy-3-methylglutaryl coenzyme-
A reductase (HMGCR) expression [31]. Given these

inconsistencies, the pathophysiological pathway through
which statins influence CRC survival warrants further
research.

In our study, use of insulin was associated with worse OS.
Consistent with our result, detrimental effect of insulin on
CRC survival has been demonstrated in some studies involv-
ing diabetic patients treated with insulin [32-34]. In one such
study [32], the authors reported a more than 50% higher risk
of CRC mortality in diabetic patients on insulin compared
to noninsulin users. In another study [33], an overall excess
CRC mortality in female diabetic patients treated with insulin
compared to noninsulin treated participants was observed.
In a more recent study, increased levels of insulin correlated
with worse overall survival in patients with nonmetastatic
CRC [34]. According to some authors [35], there are several
potential explanations for the relationship between insulin
and increased CRC mortality. For example, hyperinsulinemia
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TaBLE 3: Effect of type of antidiabetic treatment on CRC survival.

Variable OS (months) Crude HR 95% CI *Adjusted HR 95% CI

Non Diabetic 119 Ref - Ref -

On metformin 153 0.74 0.46-1.20

Other treatment * 29 2.18 1.31-3.63 211 1.19-3.75

+Adjusted for age, sex, and cancer stage and tumor differentiation, cancer treatment, BMI, alcohol, and smoking, * * other treatment = insulin and/or other

oral hypoglycemic agents, except metformin, and OS = overall survival.
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from impaired glucose metabolism and insulin resistance
may contribute to increased tumor growth [20]. Secondly,
cancer patients with diabetes might be treated less aggres-
sively than those without diabetes [35]. It could also be due to
poorer response to cancer treatment that increased infection

risk or intraoperative mortality in diabetic cancer patients
relative to nondiabetics [36]. Direct stimulation of cell pro-
liferation and downstream activation of mitogen-activated
protein kinase (MAPK) by insulin has also been implicated
[37].



Journal of Cancer Epidemiology

Study results on the effects of MetS and its treatment on
colorectal cancer survival have generally been inconsistent
[5, 14]. In one large retrospective cohort study, the authors
examined data to determine the effects of MetS and its
components on overall as well as recurrence-free survival
among 36,079 colon cancer patients. Their result showed
that MetS had no apparent effect on overall as well as
recurrent-free survival [38]. In another large study, a cluster
of MetS components increased CRC mortality significantly
in both males and females [39]. It has been suggested that the
conflicting results on the effects of MetS and CRC mortality
reported by observational studies may be due to different
definitions of MetS in the studies and failure to control for
potential confounding variables such as disease stage, cancer
type, and type of treatment [14]. In our study, we did not
examine the effects of MetS separately for colon and rectal
cancer; therefore, we were unable to determine how this
would have affected our results.

Our result showed that use of ACEI or ARB had no effect
on CRC survival contrary to findings from other studies
[40, 41]. Angiotensin I-converting enzyme inhibitors (ACEIs)
and angiotensin II receptor blockers (ARBs) are widely used
antihypertensive drugs. They regulate arterial blood pressure
via the renin-angiotensin system (RAS). The RAS induces
angiogenesis and tumor proliferation by promoting vascular
endothelial growth factor (VEGF) or epidermal growth factor
receptor (EGFR) expression [42, 43]. Moreover, angiotensin
IT has been shown to stimulate tumor growth [44]. ACEIs
suppress the local RAS by reducing the production of
angiotensin II, whereas ARBs selectively block the action of
angiotensin II type 1 receptor (ATIR). Studies have reported
reduced rates of distant metastasis and decreased mortality
risk in ACEI or ARB users with lung and colorectal cancers
[40, 45]. Inherent differences, such as ethnicity, between our
patient population and that of previous studies may, in part,
account for our discrepant findings.

Several limitations may have affected our study results.
First, our study was retrospective in design so we were limited
to data available in patients’ hospital records which may not
have been consistent or complete. Information on predictor
variables was captured as snapshot of patients’ hospital
records and did not take into account any changes that may
have occurred as patients’ disease progressed. For example,
BMI was calculated from patients’ height and weight at the
time of diagnosis. Cancer patients experience weight changes
with progression of their disease; therefore any decreases in
weight among the patients would have affected BMI and,
invariably, affect our result.

BMI was used as a proxy for central obesity because
we could not measure waist circumference given the retro-
spective nature of our study. Waist circumference is a more
accurate indicator of central obesity; therefore, prospective
studies that can measure patients’ waist circumference are
warranted. Specific cancer treatments such as chemotherapy
as well as the medications used to manage the components of
MetS and other comorbid conditions may have also altered
tumor behaviour and affected survival. For example, we could
not determine if there were any changes in diabetic treatment
during the follow-up period and how this might have affected

our result. Additionally, in the subgroup analysis, “other
diabetes treatments” included not only patients who were on
other oral agents, but also those on insulin. Given that use of
insulin might represent the more advanced stages of diabetes,
this may have contributed, in part, to the poorer OS observed
in this group compared to the metformin group.

Lastly, cancer is a progressively terminal disease with
relatively worse prognosis for patients in later stages of
disease. In our study, more than two-thirds of our total study
subjects were of AJCC stage 3 or 4 disease; therefore, cancer
progression might have affected OS. This study was a single
center study, carried out with records of CRC patients from
one of the two hospitals that treat cancers in Oman; therefore,
the findings from this research may not be representative of
the CRC population in Oman and should be interpreted with
caution.

5. Conclusion

Our findings suggest that among Omani CRC patients with
MetS, metformin and statins might lower the risk of dying.
On the other hand, insulin appeared to be detrimental to
overall survival. With the current trend towards person-
alized cancer treatment, prospective studies are needed to
better understand the exact mechanism by which metformin,
statins, and insulin exert their effect on CRC survival.

Data Availability

The data used to support the findings of this study are
restricted by the Medical Research and Ethics Committee of
Sultan Qaboos University in order to protect patient privacy.

Conflicts of Interest

The authors report no conflicts of interest in this work.

Acknowledgments

The authors would like to thank the staff in the Hospital
Information System (HIS) unit of Sultan Qaboos Univer-
sity Hospital for their valuable support in conducting this
research.

References

[1] Expert Panel on Detection Evaluation and Treatment of High
Blood Cholesterol in Adults, “Executive summary of the third
report of the National Cholesterol Education Program (NCEP)
expert panel on detection, evaluation, and treatment of high
blood cholesterol in adults (adult treatment panel III),” Journal
of the American Medical Association, vol. 285, no. 19, pp. 2486-
2497, 2001.

[2] K. G. M. M. Alberti, P. Zimmet, and J. Shaw, “Metabolic
syndrome—a new world-wide definition. A consensus state-
ment from the International Diabetes Federation,” Diabetic
Medicine, vol. 23, no. 5, pp. 469-480, 2006.

[3] S. M. Grundy, J. I. Cleeman, S. R. Daniels et al., “Diagnosis
and management of the metabolic syndrome. An American



(5]

(6]

(8]

(10]

(14]

(15]

(16]

(17]

Heart Association/National Heart, Lung, and Blood Institute
Scientific Statement. Executive summary,” Circulation, vol. 112,
no. 17, pp. 2735-2752, 2005.

“Expert panel on metabolic syndrome of chinese diabetes
society. Recommendations on metabolic syndrome of chinese
diabetes society,” Chinese Journal of Diabetes, vol. 12, pp. 156-
161, 2004.

L. A. Colangelo, S. M. Gapstur, P. H. Gann et al., “Colorectal
cancer mortality and factors related to the insulin resistance
syndrome,” Cancer Epidemiology, Biomarkers & Prevention, vol.
11, no. 4, pp. 385-391, 2002.

J. A. Marrero, R. ]. Fontana, S. Fu, H. S. Conjeevaram, G. L. Su,
and A. S. Lok, “Alcohol, tobacco and obesity are synergistic risk
factors for hepatocellular carcinoma,” Journal of Hepatology, vol.
42, no. 2, pp. 218-224, 2005.

T. Stocks, K. Rapp, T. Bjorge et al., “Blood glucose and risk of
incident and fatal cancer in the metabolic syndrome and cancer
project (Me-Can): analysis of six prospective cohorts,” PLoS
Medicine, vol. 6, no. 12, Article ID €1000201, 2009.

V. Lohsiriwat, W. Pongsanguansuk, N. Lertakyamanee, and D.
Lohsiriwat, “Impact of metabolic syndrome on the short-term
outcomes of colorectal cancer surgery;” Diseases of the Colon &
Rectum, vol. 53, no. 2, pp. 186-191, 2010.

E. Grossman, F. H. Messerli, V. Boyko, and U. Goldbourt,
“Is there an association between hypertension and cancer
mortality?” American Journal of Medicine, vol. 112, no. 6, pp.
479-486, 2002.

K. Ranc, M. E. Jorgensen, S. Friis, and B. Carstensen, “Mortality
after cancer among patients with diabetes mellitus: Effect of
diabetes duration and treatment,” Diabetologia, vol. 57, no. 5, pp.
927-934, 2014.

Oman National Cancer Registry Statistics, Cancer Incidence
in Oman, 2018, https://www.moh.gov.om/documents/272928/
1232802/Cancer+Incidence.

A. Al-Shookri, G. Khor, Y. Chan, S. Loke, and M. Al-Maskari,
“Type 2 diabetes in the sultanate of Oman,” Malaysian Journal
of Nutrition, vol. 17, no. 1, pp. 129-141, 2011.

H. Ashktorab, H. Brim, M. Al-Riyami et al., “Sporadic
colon cancer: mismatch repair immunohistochemistry and
microsatellite instability in omani subjects,” Digestive Diseases
and Sciences, vol. 53, no. 10, pp. 2723-2731, 2008.

W. G. Gathirua-Mwangi, P. O. Monahan, M. J. Murage et
al., “Metabolic syndrome and total cancer mortality in the
third national health and nutrition examination survey,” Cancer
Causes & Control, vol. 28, no. 2, pp. 127-136, 2017.

World Health Organization, Obesity and Overweight. Fact
Sheet No. 31 http://www.who.int/mediacentre/factsheets/fs311/
en/, 2015.

American Diabetes Association, Diabetes Basics, 2016, http://
www.diabetes.org/.

S. B. Edge and C. C. Compton, “The american joint committee
on cancer: the 7th edition of the AJCC cancer staging manual
and the future of TNM,” Annals of Surgical Oncology, vol. 17, no.
6, pp. 1471-1474, 2010.

R. Ramjeesingh, C. Orr, C. S. Bricks, W. M. Hopman, and
N. Hammad, “A retrospective study on the role of diabetes
and metformin in colorectal cancer disease survival,” Current
Oncology, vol. 23, no. 2, pp. ell6-e122, 2016.

J. H. Lee, T. I. Kim, S. M. Jeon, S. P. Hong, J. H. Cheon, and W.
H. Kim, “The effects of metformin on the survival of colorectal
cancer patients with diabetes mellitus,” International Journal of
Cancer, vol. 131, no. 3, pp. 752-759, 2012.

[20]

(21]

(22]

(24]

[25]

[26]

(30]

(31]

(34]

Journal of Cancer Epidemiology

P. Ferroni, S. Riondino, O. Buonomo, R. Palmirotta, E
Guadagni, and M. Roselli, “Type 2 diabetes and breast can-
cer: the interplay between impaired glucose metabolism and
oxidant stress;,” Oxidative Medicine and Cellular Longevity, vol.
2015, Article ID 183928, 10 pages, 2015.

J. Kasznicki, A. Sliwinska, and J. Drzewoski, “Metformin in can-
cer prevention and therapy,” Annals of Translational Medicine,
vol. 2, no. 6, p. 57, 2014.

G. G. Chiang and R. T. Abraham, “Targeting the mTOR
signaling network in cancer;” Trends in Molecular Medicine, vol.
13, no. 10, pp. 433-442, 2007.

R. M. Memmott, J. R. Mercado, C. R. Maier, S. Kawabata,
S. D. Fox, and P. A. Dennis, “Metformin prevents tobacco
carcinogen-induced lung tumorigenesis,” Cancer Prevention
Research, vol. 3, no. 9, pp. 1066-1076, 2010.

S. C. Larsson, N. Orsini, and A. Wolk, “Diabetes mellitus
and risk of colorectal cancer: a meta-analysis,” Journal of the
National Cancer Institute, vol. 97, no. 22, pp. 1679-1687, 2005.

D. Trabulo, S. Ribeiro, C. Martins, and et al, “Metabolic
syndrome and colorectal neoplasms: an ominous association,”
World Journal of Gastroenterology, vol. 21, no. 17, p. 5320, 2015.
E Meng, L. Song, and W. Wang, “Metformin improves overall
survival of colorectal cancer patients with diabetes: a meta-
analysis,” Journal of Diabetes Research, vol. 2017, Article ID
5063239, 8 pages, 2017.

S. M. Marshall, “60 years of metformin use: a glance at the past
and a look to the future,” Diabetologia, vol. 60, no. 9, pp. 1561-
1565, 2017.

P. W. Voorneveld, M. S. Reimers, E. Bastiaannet et al., “Statin
use after diagnosis of colon cancer and patient survival,
Gastroenterology, vol. 153, no. 2, pp. 470-479, 2017.

C.R. Cardwell, B. M. Hicks, C. Hughes, and L. ]. Murray, “Statin
use after colorectal cancer diagnosis and survival: a population-
based cohort study;” Journal of Clinical Oncology, vol. 32, no. 28,
pp. 31773183, 2014.

R. T. Gray, M. B. Loughrey, P. Bankhead et al., “Statin use,
candidate mevalonate pathway biomarkers, and colon cancer
survival in a population-based cohort study,” British Journal of
Cancer, vol. 116, no. 12, pp- 1652-1659, 2017.

G. Ronquist, G. Frithz, Y.-H. Wang, and T. Lindeborg, “Capto-
pril may reduce biochemical (prostate-specific antigen) failure
following radical prostatectomy for clinically localized prostate
cancer;” Scandinavian Journal of Urology, vol. 43, no. 1, pp. 32—
36, 2009.

A. N. Dehal, C. C. Newton, E. J. Jacobs, A. V. Patel, S. M.
Gapstur, and P. T. Campbell, “Impact of diabetes mellitus and
insulin use on survival after colorectal cancer diagnosis: the
cancer prevention study-II nutrition Cohort,” Journal of Clinical
Oncology, vol. 30, no. 1, pp. 53-59, 2011.

K. Chen, Y. Shao, Z. Lin et al., “Type 2 diabetes mellitus is asso-
ciated with increased mortality in chinese patients receiving
curative surgery for colon cancer;” The Oncologist, vol. 19, no.
9, pp. 951-958, 2014.

E. Forssas, R. Sund, K. Manderbacka, M. Arffman, P. Ilanne-
Parikka, and I. Keskiméki, “Increased cancer mortality in
diabetic people treated with insulin: a register-based follow-up
study;” BMC Health Services Research, vol. 13, no. 1, p. 267, 2013.
L. V. Van De Poll-Franse, S. Houterman, M. L. G. Janssen-
Heijnen, M. W. Dercksen, J. W. W. Coebergh, and H. R. Haak,
“Less aggressive treatment and worse overall survival in cancer
patients with diabetes: A large population based analysis,”


https://www.moh.gov.om/documents/272928/1232802/Cancer+Incidence
https://www.moh.gov.om/documents/272928/1232802/Cancer+Incidence
http://www.who.int/mediacentre/factsheets/fs311/en/
http://www.who.int/mediacentre/factsheets/fs311/en/
http://www.diabetes.org/
http://www.diabetes.org/

Journal of Cancer Epidemiology

(36]

(37]

[39]

(40]

[44]

International Journal of Cancer, vol. 120, no. 9, pp. 1986-1992,
2007.

J. A. Meyerhardt, P. ]. Catalano, D. G. Haller et al., “Impact of
diabetes mellitus on outcomes in patients with colon cancer,”

Journal of Clinical Oncology, vol. 21, no. 3, pp. 433-440, 2003.

J. Teng, S. Wu, J. Chen et al., “The activation of ERK1/2 and
JNK MAPK signaling by insulin/IGF-1 is responsible for the
development of colon cancer with type 2 diabetes mellitus,”
PLoS ONE, vol. 11, no. 2, Article ID e0149822, 2016.

Y. Yang, P. D. Mauldin, M. Ebeling et al., “Effect of metabolic
syndrome and its components on recurrence and survival in
colon cancer patients,” Cancer, vol. 119, no. 8, pp. 1512-1520,
2013.

M. Trevisan, J. Liu, P. Muti et al., “Markers of insulin resis-
tance and colorectal cancer mortality, Cancer Epidemiology,
Biomarkers & Prevention, vol. 10, no. 9, pp. 937-941, 2001.

L. Miao, W. Chen, L. Zhou, H. Wan, B. Gao, and Y. Feng,
“Impact of angiotensin I-converting enzyme inhibitors and
angiotensin II type-1 receptor blockers on survival of patients
with NSCLC,” Scientific Reports, vol. 6, no. 1, Article ID 21359,
2016.

M. Fujita, I. Hayashi, S. Yamashina, M. Itoman, and M. Majima,
“Blockade of angiotensin ATla receptor signaling reduces
tumor growth, angiogenesis, and metastasis,” Biochemical and
Biophysical Research Communications, vol. 294, no. 2, pp. 441-
447,2002.

E. I. Ager, J. Neo, and C. Christophi, “The renin-angiotensin
system and malignancy,” Carcinogenesis, vol. 29, no. 9, pp. 1675—
1684, 2008.

A. Y. Khakoo, R. L. Sidman, R. Pasqualini, and W. Arap,
“Does the renin-angiotensin system participate in regulation of
human vasculogenesis and angiogenesis?” Cancer Research, vol.
68, no. 22, pp. 9112-9115, 2008.

K. Egami, T. Murohara, T. Shimada et al., “Role of host
angiotensin II type 1 receptor in tumor angiogenesis and
growth,” The Journal of Clinical Investigation, vol. 112, no. 1, pp.
67-75, 2003.

J. H. Heinzerling, T. Anthony, E. H. Livingston, and S. Huerta,
“Predictors of distant metastasis and mortality in patients with
stage II colorectal cancer;” The American Surgeon, vol. 73, no. 3,
pp. 230-238, 2007.



