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Insulin resistance (IR) is a major risk factor for Type 2 diabetes. Type 2 diabetes 

among other non-communicable diseases are major public health concerns with 

increased significance and prevalence. Cancer on the other hand was a leading cause 

of death worldwide in 2008. Studies have attributed the link between carcinogenesis 

and insulin resistance to hyperinsulinemia. The Hyperinsulinemia Theory proposes 

that high levels of insulin decreases the production of insulin growth factor 1 (IGF-1) 

binding proteins and hence increases the levels of free IGF-1. The bioactivity of free 

IGF-1 has been known to increase tumor turnover rate. The main objective of this 

study is to determine the association between insulin resistance and cancer among 

patients at the Diagnostic Nuclear Imaging in University Putra Malaysia and Hospital 

Serdang, Malaysia. This study hypothesized significant association between insulin 

resistance and cancer. This case-control study was carried out at the Diagnostic 

Nuclear Imaging Center at the Medical Faculty in UPM (Universiti Putra Malaysia) 

and the surgical ward of Hospital Serdang. Based on the sample size calculation, it 

involved a total sample size of 100 (age and sex matched 45 cases and 55 controls). 

Consecutive sampling was used for patient recruitment. Insulin resistance was 

determined by the Homeostasis Model assessment of Insulin resistance (HOMA-IR) 

which is a validated index of insulin resistance. It correlates strongly and inversely 

with the basic Insulin Sensitivity Clamp Index; derived from the hyperinsulinemic 

euglycemic clamp (r = -0.572, P<0.001) and also a more practical method of 

measuring insulin resistance in large epidemiological studies. HOMA-IR, metabolic 

parameters and anthropometric measurements were collected and determined in all 

subjects. From the results, using logistic regression, insulin resistance was 

independently associated with cancer (Adjusted OR= 12.25. 95% CI = 3.20, 46.83) 

There was also significant association between obesity and cancer (Adjusted 

OR=3.33, 95% CI = 1.08, 10.31). The presence of IR in cancer cases if researched 

further might have the ability to show insights on the role of insulin resistance on 

cancer in general and also cancer prevention and treatment. 
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Rintangan insulin (IR) adalah faktor risiko utama untuk diabetis  jenis 2. Diabetes 

jenis 2 adalah dalam kalangan penyakit tidak berjangkit yang menimbulkan 

kebimbangan awam terhadap kesihatan dengan peningkatan kepentingan dan 

kelazimannya. Di sisi lain pula, kanser adalah punca utama kematian di seluruh dunia 

pada tahun 2008. Kajian telah mendapati kaitan antara karsinogenesis dan rintangan 

insulin yang telah dikaitkan dengan hyperinsulinemia. Teori Hyperinsulinemia 

mencadangkan bahawa tahap insulin yang tinggi mengurangkan pengeluaran faktor 

pertumbuhan insulin 1 (IGF-1) yang  mengikat protein dan dengan itu meningkatkan 

tahap IGF-1 bebas. Bioaktiviti IGF-1 bebas dikenali pasti untuk meningkatkan kadar 

perolehan tumor. Objektif utama kajian ini adalah untuk menentukan hubungan 

antara rintangan insulin dan kanser dan juga faktor-faktor risiko IR dan kanser di 

kalangan pesakit di Pusat Pengimejan Diagnostik Nuklear di Universiti Putra 

Malaysia dan Hospital Serdang, Malaysia. Hipotesis kajian adalah terdapat hubungan 

yang signifikan antara rintangan insulin dan kanser. Kajian kes kawalan telah 

dijalankan di Pusat Pengimejan Diagnostik Nuklear di Fakulti Perubatan, UPM 

(Universiti Putra Malaysia) dan wad pembedahan Hospital Serdang. Berdasarkan 

pengiraan saiz sampel, ia melibatkan saiz sampel sebanyak 100 (dipadankan umur 

dan jantina 45 kes dan 55 kawalan). Persampelan berturutan telah digunakan untuk 

pengambilan pesakit. Rintangan insulin ditentukan oleh Model Penilaian 

Homeostasis Rintangan Insulin (HOMA-IR) iaitu indeks disahkan tentangan insulin. 

Ia berkait rapat dan secara songsang dengan Insulin asas Indeks Pengapit Kepekaan 

yang  berasal dari Pengapit Euglycemic Hyperinsulinemic (r = -0,572, P <0.001) dan 

juga kaedah yang lebih praktikal untuk mengukur rintangan insulin dalam kajian 

epidemiologi yang besar.  HOMA-IR, parameter metabolik dan ukuran antropometri 

telah dikumpulkan dan diputuskan di dalam semua subjek. Daripada keputusan, 

dengan menggunakan regresi logistik, rintangan insulin bebas yang dikaitkan dengan 

kanser. Terdapat juga hubungan yang signifikan antara obesiti dan kanser 

(Diselaraskan OR = 3.33, 95% CI = 1.08, 10.31). (Penyelarasan OR = 12.25 95% CI 

= 3,20, 46,83.)  Kewujudan IR dalam kes-kes kanser mungkin memerlukan kajian 
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selanjutnnya yang berkeupayaan untuk memberi gambaran peranan rintangan insulin 

bagi penyakit kanser, pencegahan serta rawatan nya. 
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CHAPTER 1 

 

   INTRODUCTION 

 

 

1.1 Background 

 

 

The importance of insulin resistance in the development as well as progression of 

cancer has yet to be well established. In humans, insulin functions to balance 

carbohydrate, protein and lipid metabolism. In the digestion of carbohydrate, insulin 

regulates glucose stable equilibrium and promotes glucose usage. A defect in this 

process causes pancreatic β cells to increase insulin production which leads to a state 

of chronic hyperinsulinemia ie insulin resistance. (Gungor et. al. 2005). 

 

Insulin resistance is known to inhibit the production of insulin-like growth factor-1 

binding proteins thereby increasing the level of circulating free IGF-1 in the blood 

(Harish et. al. 2007). The action of insulin as a mitogen on both normal and 

malignant tissue via the IGF1 system is considered the most plausible mechanism 

linking insulin resistance to cancer. In a mini-review carried out by LeRoith & 

Roberts Jr, (2003), studies attributed the association between insulin resistance and 

cancer to this. Fig 1.1 below shows the diagrammatical representation of the 

mechanism of association between IR and cancer: 
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                                                                        IR 

 

 

 

                                                                   IGF1R 

 

 

 

 

  

 

 

Fig. 1.1: Diagram showing the hyperinsulinemia theory in relation to cancer. 

(Diagram adapted from Clayton et. al. 2011 and Calle & Kaaks, 2004).  
 
 

1.2 Problem Statement 

 

 

In 2008, cancer was the most common cause of death worldwide (WHO, 2011) and 

the 3
rd

 most common cause of death in Malaysia Ministry of Health hospitals in 

2007.  (Ariffin and Saleha, 2011).  

 

Even though cancer is a multifactorial disease caused by both external factors 

(tobacco, chemicals, radiation, and infectious organisms) and internal factors 

(inherited mutations, hormones, immune conditions, and mutations that occur from 

metabolism), one of the persistent individuality of cancer cells is to multiply 

uncontrollably and therefore reject programmed death.  

 

Insulin resistance which is a major risk factor for cardiovascular diseases and type-2 

diabetes is present in an individual long before the actual onset of type-2 Diabetes 

Milletus (TTDM).  Therefore, all type-2 diabetics are insulin resistant but not all 

Hyperinsulinaemia 

Insulin-IGF-1 axis 

- ↓ IGFBP-1 

- ↓ IGFBP-2 

- ↑ Bioavailability of IGF-1 

Target cells 

Apoptosis ↓ 

Cell proliferation ↑ 

Tumour development 
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insulin resistant individuals are type 2 diabetics.  

 

Insulin resistance is a stepping stone to type 2 diabetes which is a major public health 

burden in South-east Asia and Malaysia as can be seen from the statistics.  

 

The International Diabetes Federation (IDF) has predicted that by 2030, the South 

East Asia Region would have an estimated diabetes prevalence of 10% (120.9 

million) (IDF Diabetes Atlas, 2011). The WHO has also estimated that in the year 

2030, Malaysia would have a total of 2.48 million people with diabetes.  

Malaysia reportedly has a higher prevalence of metabolic syndrome compared to 

other Asian countries as was seen from a recent nationwide survey (Lau, 2011). It 

has also been listed as one of the top 10 countries where diabetes has the highest 

prevalence in the recent global estimate of the prevalence of diabetes for years 2010 

and 2030 by the International Diabetes Federation.   

 

Giarach et. al (2006) has attributed the increased prevalence of type 2 diabetes to the 

ageing population, rising incidence of obesity, sedentary lifestyle among other 

factors. The First National Health and Morbidity Survey (NHMS,1986) in Malaysia 

showed diabetes prevalence among adults of age ≥35 years old as 6.3% 

(NHMS,1986). Ten years later, in NHMS II, the figure had increased by one third to 

8.3% among adults of age ≥ 30 years old (NHMS, 1996). The latest Malaysian 

National Health and Morbidity Survey conducted in 2006, the national prevalence of 

diabetes was 14.9% among adults ≥ 30 (NHMS, 2006). 

 

This increase has also been present in some of the most common cancers in 

Malaysia. In the 2006 Report of the National Cancer Registry, the incidence of the 3 

most common cancers were;  breast (16.5%), colorectal (13.2%) and lung (9.4%), a 

year later in 2007, an increase was noticeable in some of these values. The 2007 

report of the NCR had breast cancer incidence at 18.0%, colorectal at 12.3% and 

trachea, bronchus, lung at 10.2%.  

  

From the statistics above, noticable increase has been observed in the prevalence of 

of TTDM (which has IR as its major risk factor) as well as incidence of some 

common cancers.  

 

In this study, insulin resistance was hypothesised as a risk factor for cancer in general 

in relation to vigorous cell multiplication. As is common knowledge, major risk 

factors exist for various cancers eg smoking and lung cancer; the major objective of 

this study was not to contradict these known facts but to show that in the presense of 

these known risk factors, an individual who is insulin resistant is at an even higher 

risk of developing cancer than say, a smoker who is not insulin resistance. In other 

words, in an insulin resistant state, there is reduction in cell death as there is 

increased levels of   IGF-1 in the blood. 

 

The IGF signalling system is a family of ligands (IGF-I and IGF-II), binding proteins 

and receptors. They play an important role in the growth and development of many 

tissues and regulate overall growth, mostly prenatal growth. Insulin resistance via the 

IGF system has been implicated to play a role in carcinogenesis. 

 

Studies now show that individuals with increased levels of circulating IGFs are at 



© C
OPYRIG

HT U
PM

4 

 

higher risk of developing certain cancers than are individuals with lower levels. 

According to the meta-analysis done by Renehan et. al. (2004), they employed 

extremely grim and linked analytical methods in studying a group of 26 published 

data-sets (which included 3609 cases and 7137 controls) that examined the 

association between circulating concentrations of IGF-I and IGFBP-3 and the 

prospects of developing prostatic, breast, colon, and lung cancer in adult men and 

women. After gradation of the analyte levels, they compared the 75th percentile of 

circulating protein concentration with the 25th percentile and then calculated odds 

ratios for the development of cancer. Significant associations were observed between 

the concentration of IGF-I and development of premenopausal breast, prostatic, and 

colon cancer (odds ratios: 1.64 (95%CI: 1.26,2.08), 1.49 (95% CI: 1.14, 1.95) and 

1.18 (95%CI: 0.92, 1.51 respectively). This association was absent between IGF-I 

values and risk of breast cancer in postmenopausal women or of lung cancer. The 

level of IGFBP-3 was related with a higher chance of breast cancer developement in 

premenopausal women (odds ratio 1.51, 95%CI: 1.01, 2.27) and perhaps a protective 

effect on development of lung cancer. From the above observation, the investigators 

came to a conclusion that due to the proliferative and anti-apoptotic effects of various 

IGFs, higher levels of circulating concentrations of IGF-I are a risk factor for 

development of premenopausal breast, prostatic and colon malignancies.  

 

This study focused on non-diabetic cancer patients of the Diagnostic Nuclear 

Imaging Center in Universiti Putra Malaysia (Pusat Pengimejan Diagnostik Nuklear) 

and the surgical ward of the Hospital Serdang as cases and non-oncology patients 

with no recent history of malignancy (last 3years) as controls. All diabetics were 

excluded. 

 

 

1.3 Significance of the Study 

 

 

Even though a number of studies have found association between insulin resistance 

and selected cancers in various populations but South-east Asians, insulin sensitivity 

is known to differ among races. Asians especially South-east Asians and Asian 

Indians have been shown to be much more prone to insulin resistance (leading up to 

type 2 diabetes) compared to Caucasians even with relatively little weight gain and 

much lower BMI (Dickson et. al. 2002.) These characteristic was first described as 

metabolically obese, normal-weight (MONW) individuals by Ruderman et. al. 

(1981). These individuals they say are common in general populations and may 

account for the increased prevalence of TTDM, cardiovascular disease, and other 

disorders in individuals having a BMI in the 20-27 kg/m2 range who have added 

normal weight (2-10 kg of adipose mass) in adult life.  Chan et. al. (2009) in their 

review noted that this ―metabolically obese‖ phenotype is common in Asian 

populations. So far, the biological foundation for the ethnic differences in insulin 

sensitivity has not been completely clarified. Insulin sensitivity is determined in part 

by genetic factors, it is possible that this racial/ethnic differences in diabetes risk (IS) 

are attributable to genetic predisposition as genetic factors alone would not explain 

the marked increase in prevalence of type 2 diabetes (Shai et. al. 2006). In this study, 

no significant association was found between cancer and family history of diabetes 

and the study by Shai et. al.; adjustment for family history of diabetes did not appear 

to alter the risk estimates of diabetes milletus for different ethnic groups so they 
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theorized that the observed ethnic difference in diabetes risk (IS) is likely due to an 

interaction between diet and lifestyle and increased genetic susceptibility among 

different ethnicities. 

 

There is a possibility that the insulin-cancer hypothesis may elucidate further on the 

etiology of common cancers and also offer more insights on the prevention and 

management. Furthermore, confirming insulin resistance as a major risk factor for 

cancer may help identify high-risk individuals who may warrant more intensive 

screening and also aid in the development of therapies that target hyperinsulinemia in 

early stages of cancer. 

 

 

1.4  Objectives of the Study 
 

1.4.1 General Objective 

 

 

 To determine the mean difference in HOMA-IR values between 

cancer(cases) and non-cancer (controls) patients and risk factors of cancer in 

this study. 

 

 1.4.2 Specific Objectives  

 

i. To determine the socio-demographic characteristics, prevalence of 

HOMA-IR, metabolic risk factors (ie obesity, hypertension, lipids 

level, triglycerides level), and lifestyle behaviors.  

ii. To determine the mean difference of HOMA-IR values between cases 

and controls. 

iii. To determine the association between socio-economic factors, 

metabolic risk factors, lifestyle behaviours, anthropometric 

measurements and cancer 

iv. To determine the predictors of cancer in this study. 

 

 

1.5 Research Hypothesis 

 

 

i. There is significant mean difference between the mean HOMA-IR 

values of cancer patients (cases) and controls. 

ii. There is significant association between cancer and HOMA-IR.  

iii. There is significant association between demographic factors, socio-

economic factors, lifestyle behavior, anthropometric measurements 

and cancer. 
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  1.6 Conceptual Framework 

 

Some of the major risk factors of insulin resistance have also been found to have 

significant association with cancer. These risk factors include obesity (Yang et. al. 

2009) hypertension (Grossman et. al. 2001), physical inactivity (McTiernan et. al. 

2003), lifestyle behaviours (Ornish et. al. 2005) and lipid levels (Hayashi et. al. 

2012). The primary objective of this study was to determine the association 

between insulin resistance and cancer. Family history of diabetes, demographics 

and anthropometric measurement which also have some sort of effect on the 

development of insulin resistance was also included in the conceptual framework. 

 

*Variables in green were studied.  

Figure 1.6 Risk factors associated with insulin resistance and cancer 
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