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Abstract African Americans have the highest incidence

and mortality rates of colorectal cancer among all US racial

and ethnic groups. Dietary factors, lifestyle factors, obes-

ity, variability in screening rates, socioeconomic differ-

ences, barriers to screening, and differences in access to

health care may be contributory factors to racial and ethnic

disparities. African Americans are more likely to demon-

strate microsatellite instability in their colorectal tumors

leading to malignancy. However, these differences do not

completely explain all the variances. Ample evidence

implicates insulin resistance and its associated conditions,

including elevated insulin and insulin-like growth factor-1

(IGF-1), in colorectal carcinogenesis. African Americans

have a high risk for and a high prevalence of insulin

resistance and subsequent overt type 2 diabetes. Recent

clinical studies revealed that ethnic differences between

whites and African Americans in early diabetes-related

conditions including hyperinsulinemia already exist during

childhood. African Americans have a much higher preva-

lence of vitamin D deficiency than whites throughout their

life spans. Vitamin D deficiency has been associated with

higher rates of diabetes and colorectal cancer, particularly

in individuals with high serum insulin and IGF-1 levels.

Moreover, African Americans have lower insulin sensi-

tivity in tissues, independent of obesity, fat distribution,

and inflammation. Further development of measures of

biomarkers of tumor biology and host susceptibility may

provide further insight on risk stratification in African

Americans.
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Introduction

Colorectal cancer, in both men and women, is the third

most commonly diagnosed cancer and the third leading

cause of cancer death in the United States [1–3]. The

American Cancer Society estimated that about 141,210

people will be diagnosed with colorectal cancer and about

49,380 people will die of this disease in the US in 2011. At

current rates, Americans have an approximately 5.6 %

lifetime risk of diagnosis of colorectal cancer [3]. More

than 1 million Americans have been cured of or are cur-

rently under treatment for this disease. Significant racial

and ethnic variance exists in both the incidence and mor-

tality rates of colorectal cancer. African Americans have

the highest incidence and mortality rates among all US

racial and ethnic groups [4–8]. The incidence rates are

nearly 20 % higher and mortality rates are nearly 45 %

higher for African Americans than those for white Amer-

icans. A higher proportion of African Americans present

with colorectal cancer under 50 years of age compared

with white Americans. Distribution of colorectal cancer is

more likely to be right-sided, proximal in African
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Americans. Colorectal cancer in African Americans is

more likely to be diagnosed at a later stage, to have distal

spread, and is less likely to be localized. Five-year survival

rate is lower in African Americans compared with that in

white Americans. Although stage of colorectal cancer at

diagnosis and access to health care may play a part in lower

survival rates for African Americans, they are unlikely to

account for all the disparities found because, even after

survival is adjusted for sociodemographic and lifestyle

factors and for treatment patterns, survival differences

remain [9]. In addition, known tumor characteristics and

markers of aggressiveness do not explain racial differen-

tials in survival, which suggests the importance of other

environmental exposure factors and the need for improved

measures of biomarkers of tumor biology and host sus-

ceptibility. Hence, reducing the high mortality and mor-

bidity rates of colorectal cancer in African Americans

remains to be a major health care challenge in the United

States.

The reasons for the high incidence rates of colorectal

cancer in African Americans are not clear. Dietary factors,

lifestyle factors, obesity, variability in screening rates,

socioeconomic differences, barriers to screening, and dif-

ferences in access to health care may be contributory [4–8].

There are also observations that polymorphisms within the

P 53 gene are more prevalent in African Americans and

that African Americans are more likely to demonstrate

microsatellite instability in their colorectal tumors leading

to malignancy [10–12]. However, these differences do not

completely explain all the variances.

Hyperinsulinemia and Colorectal Cancer

The incidence of colorectal cancer rose dramatically in

parallel with industrialization and westernization of life-

styles worldwide over the last century. Migration studies

demonstrated that the incidence of colorectal cancer

increased among immigrants from low-incidence to high-

incidence industrialized countries [13]. The strong rela-

tionship between westernization of lifestyles, particularly

increased consumption of animal fats, and colorectal can-

cer has spawned many hypotheses. Many studies focused

on the hypotheses that high fat and low fiber consumption

increase the risk of colorectal cancer [14–17]. Higher fat

consumption induces increased secretion of bile acids.

Colonic bacteria convert them into secondary and tertiary

bile acids which may promote tumor formation by

increasing colonic cell proliferation or by mutagenesis.

Higher fiber consumption could limit colonic transit time

and dilute potential colonic carcinogens. However, recent

investigations, including cohort studies and randomized

trials, have cast doubt on the central roles of fat and fiber in

the colonic carcinogenesis [18, 19]. The fat and fiber

hypotheses do not explain adequately all the observations

and findings and are often contradictory. An increasing

amount of evidence has indicated that hyperinsulinemia

may account for many risk factors of colorectal cancer and

for its high incidence in industrialized countries [20].

Ample evidence indicates that insulin resistance and its

associated pathological conditions, including elevated

fasting glucose, insulin, and insulin-like growth factor-1

(IGF-1), are implicated in colorectal carcinogenesis [20–

26]. Risk factors for colorectal cancer, including abdominal

obesity, physical inactivity, and type 2 diabetes mellitus,

are all linked to insulin resistance and hyperinsulinemia.

Insulin reduces the hepatic production of IGF binding

protein (IGFBP-1) with resultant increase in the levels of

circulating, bioactive, free IGF-1. Studies showed that high

blood insulin, glucose, IGF-1, and C-peptide, a marker of

insulin secretion, are associated with an increased risk of

colorectal cancer [27–31]. Patients with acromegaly have a

higher risk of colonic neoplasia; the high insulin levels in

acromegalic patients seem to be most closely related to the

higher risk [32]. In addition, chronic insulin therapy in type

2 diabetes patients has been shown to be associated with an

increased risk of colorectal cancer [33]. The risk increase

correlates with the duration of insulin therapy, and may be

due to enhanced colonic cellular proliferation as a conse-

quence of increased levels of insulin and IGF-1.

Insulin resistance is also considered to be a major eti-

ologic factor in the development of the metabolic syn-

drome [34]. According to the criteria set by the national

cholesterol education treatment program–adult treatment

panel III (NCEP/ATPIII), the diagnosis of metabolic syn-

drome requires at least 3 out of 5 characteristics to be

present [34]. These characteristics are central obesity,

hypertension, fasting hyperglycemia, increased triglyceride

levels, and low high-density lipoprotein (HDL) levels.

Diabetes, hypertension, obesity, cardiovascular disease,

and insulin resistance are more common in African

Americans than whites. In the presence of the metabolic

syndrome, there is a twofold increased risk of cardiovas-

cular disease and a fivefold increased risk of type 2 dia-

betes [35]. Epidemiologic data collected in the past decade

indicate that the risk of colorectal cancer is increased

overall in individuals with metabolic syndrome [31, 36,

37]. The data include studies that examined determinants

and clinical consequences of metabolic syndrome, plasma

components of the definition of metabolic syndrome, and

markers of hyperinsulinemia or insulin resistance in rela-

tion to risk of colorectal cancer or adenoma. However, it

remains unclear to what extent the metabolic syndrome

components individually account for such an association. A

recent large epidemiological study suggested that simple

assessment of abnormal glucose metabolism or abdominal
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obesity, or both, to identify individuals at colorectal cancer

risk may have higher clinical utility compared to applying

more complex metabolic syndrome definitions [36].

The causality of these associations cannot be directly

established through the epidemiologic associations, but

strong evidence implicating cancer-enhancing effects of

insulin also comes from animal models in which animals

were treated with insulin injections. Insulin injections have

been shown to enhance the growth of aberrant crypt foci, a

colorectal cancer precursor, and increase the number and

size of colorectal tumors [38, 39]. In various animal

experiments, modulation of insulin and IGF-1 levels

through various means, including genetically-induced

obesity, caloric excess or restriction, inhibition of normal

insulin secretion, and pharmacological inhibition of IGF-1,

influences colonic carcinogenesis.

Mechanistic evidence is supported by in vivo results

demonstrating a tumor promoting effect of insulin [40–43].

The proliferative mitogenic effect of insulin is mediated via

its cognate insulin receptor and IGF-1 receptors. IGF-1

inhibits apoptosis and increases the risk of cellular trans-

formation by enhancing cell turnover. Both normal colo-

rectal epithelial cells and cancerous cells express IGF-1

receptors. When IGF-1 activates its receptor, the receptor–

ligand complex inhibits apoptosis and allows progression

through the cell cycle. In addition, IGF-1 increases pro-

duction of vascular endothelial growth factor, an angio-

genic factor supporting tumor growth, in colonic cancerous

cell lines [40]. The insulin-induced pro-proliferative effect

has only been shown with supra-physiological serum

insulin levels typically in adults; however, re-expression of

the fetal type A insulin receptor isoform in neoplastic cells

renders them more sensitive to typically circulating levels

of insulin and IGFs [44]. The insulin and IGF-1 signal

transduction pathway involved in the regulation of gene

expression and mitogenicity is mediated by activation of

the ras protein. Ras mutations, which increase activity of

the ras protein, occur in colonic cancerous cells and may

enhance growth of colonic adenomas into cancers [45].

Insulin Resistance in African Americans

African American adults, adolescents, and children have a

high risk for insulin resistance and subsequent development

of overt type 2 diabetes [46–50]. African American men

have a 60 % higher incidence of type 2 diabetes than white

men, and African American women have a 100 % higher

incidence of type 2 diabetes than white women [51]. Diet

and obesity, particularly abdominal adiposity, play signif-

icant roles in the development of type 2 diabetes. African

Americans have a higher prevalence of obesity compared

with whites. It is commonly assumed that diet and obesity

are the causes of the increased risk of type 2 diabetes in

African Americans. However, recent clinical studies

revealed that ethnic differences between whites and Afri-

can Americans in early diabetes-related pathological con-

ditions, including hyperinsulinemia and insulin resistance,

already exist during childhood, and are not the result of

differences in dietary consumption or abdominal adiposity

[52, 53]. On the contrary, African American children have

higher vegetable and fruit intakes than do white children

[52, 53]. In addition, African American children, compared

with white children, have lower visceral fat mass despite

similar overall adiposity, but higher fasting insulin and

lower fasting C-peptide levels [54]. These findings imply

that there is a derangement in insulin clearance and

impairment in pancreatic beta-cell function in African

Americans [55]. Even when normal-weight adults are

compared, insulin resistance is greater in African Ameri-

cans than in white Americans [56]. African Americans

have higher insulin and C-peptide responses to glucose

during childhood, adolescence, and adulthood [57–60].

Moreover, African Americans have lower insulin sensi-

tivity in tissues, independent of obesity, fat distribution,

and inflammation, which indicates that the metabolic

action of insulin is impaired [61]. African American youths

also have higher rates of acanthosis nigricans, a cutaneous

abnormality commonly associated with primary insulin

resistance, than their white counterparts [62–64]. In addi-

tion, despite similar declines in insulin action during pub-

erty, there is no compensatory increase in insulin secretion

in African American children, contrary to the observation

in white children [64–66]. These observations indicate that

insulin resistance may manifest itself differently in African

Americans. Furthermore, despite the fact that African

Americans have a higher risk for and a higher prevalence

of insulin resistance, paradoxically, the prevalence of

metabolic syndrome is lower in African Americans than in

whites [50, 59]. It is likely that the paradox is due to the

relative absence of the dyslipidemia of insulin resistance in

African Americans. African American children, despite

being more insulin-resistant and hyperinsulinemic com-

pared with their white counterparts, have favorable lipid

concentrations including lower LDL-cholesterol, higher

HDL-cholesterol, and lower serum fatty acid and triacyl-

glycerol levels compared with white children [52, 54, 67,

68]. In addition, unlike in whites, in blacks the relation of

insulin resistance to blood pressure is weak, referred to as

the blood pressure and insulin resistance paradox in blacks

[69]. Similarly, among blacks, there is a weak relationship

between insulin resistance and dyslipidemia, referred to as

the insulin resistance and HDL-cholesterol/triglyceride

paradox in blacks [69]. The relationship between metabolic

syndrome and risk of colorectal cancer is still not clear in

blacks.
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Obesity is a major health issue worldwide and the

prevalence of obesity increases exponentially in blacks

residing in urban areas in various regions including the

United States. Abdominal circumference, as a surrogate for

visceral adipose tissue and determinant of insulin resis-

tance, is a greater predictor of metabolic syndrome than

body mass index in non-black populations. However, this

relationship in blacks remains controversial, because

blacks, despite increased insulin resistance, have, in gen-

eral, lower visceral adiposity for similar body mass index

when compared with whites [69], which is referred to as

the insulin resistance and visceral adipose tissue paradox in

blacks. There is a dissociation between body fat distribu-

tion and insulin resistance among blacks.

Pro-inflammatory cytokines are predominantly derived

from adipose tissues associated with metabolic syndrome.

They are associated with increased visceral adiposity. It is

believed that these adipocyte-derived cytokines could be

the link between insulin resistance and metabolic syn-

drome, type 2 diabetes, and cardiovascular disease. Some

studies have shown higher levels of these pro-inflammatory

cytokines including tumor necrosis factor-alpha, resistin,

leptin, interleukin-6, and C-reactive protein in African

Americans than in whites [70]. Recently, several studies

have revealed lower serum levels of adipopectic and its

isomers, which are potent endogenous insulin sensitizers,

in African Americans than in whites [71]. It is hypothe-

sized that adipocytokines and other pro-inflammatory

cytokines might play a significant role in the development

of insulin resistance and type 2 diabetes in African

Americans.

A potentially important modifying factor is vitamin D

status. Vitamin D insufficiency has been associated with

increased risk of colonic adenoma and colorectal cancer

[72–84], and this deficiency is much more common in

African Americans than in whites throughout their life

spans [72, 73, 85], primarily due to the greater melanin

pigmentation in the skin [86]. Vitamin D deficiency has

been associated with increased risk of type 2 diabetes and

abnormalities in insulin resistance and secretion [87–89].

Serum vitamin D levels were shown to be inversely asso-

ciated with risks of prediabetic conditions and overt dia-

betes. Although evidence is mixed, early and long-term

vitamin D supplementation may decrease the risk of

developing diabetes [90–95]. Some clinical intervention

studies also support that vitamin D and its active metabo-

lites may improve insulin sensitivity [96–98]. An increas-

ing amount of evidence suggests that vitamin D directly

and adversely affects beta cells of pancreas [90, 98, 99]. A

recent study demonstrated that higher circulating

25-hydroxy-vitamin D levels reduced the higher risk of

colorectal cancer associated with high IGF-1 and insulin

levels [100]. Because African Americans suffer from very

high rates of vitamin D deficiency, and better vitamin D

status has been associated with improvements in insulin

secretion and insulin resistance and lower rates of colo-

rectal cancer, especially in those with high serum insulin

and IGF-1 levels, further study of the role of vitamin D

deficiency in contributing to racial disparities in colorectal

cancer incidence and mortality should be a high priority.

Discussion

Insulin resistance and hyperinsulinemia may be major risk

factors for colorectal cancer. Although obesity and

unhealthy lifestyles are on the rise globally, the suscepti-

bility of metabolic derangements toward these changes

may differ among populations. Due to differences in the

environmental and genetic backgrounds, the risks for

insulin resistance and for subsequent development of type

2 diabetes vary among various racial and ethnic popula-

tions. Although the cause of insulin resistance remains

uncertain, the relationships of components of metabolic

syndrome to insulin resistance are well established in

whites, while they remain controversial in blacks [50, 59,

69]. At present, it is still not clear if these racial differences

in insulin resistance are based on metabolic disturbance

due to lifestyle changes or are an ethnically and genetically

grounded phenomenon. For example, studies have revealed

that there were genetic variants in the beta-cell specific

transcription factor insulin promoter factor 1 gene and

defective insulin secretion and a significant association

between a certain polymorphism and type 2 diabetes in

African Americans but not in whites [101–104]. Through

gene–gene or gene–environment interactions, these vari-

ants might increase the susceptibility of African Americans

to type 2 diabetes. In addition, it has been demonstrated

that hyperinsulinemia in African Americans is not merely a

compensatory response to lower insulin sensitivity [60].

Studies have suggested that increased insulin secretion and

decreased insulin clearance might precede the development

of insulin resistance in African Americans [54, 55]. The

increased pancreatic demand may result in early pancreatic

beta-cell exhaustion and earlier development of type 2

diabetes. Genome-wide association studies have uncovered

numerous variants related to obesity and type 2 diabetes,

but the preponderance of these studies have been con-

ducted in whites. Potential genetic determinants of racial

differences, if any, remain to be uncovered.

On the basis of the findings from mechanistic and epi-

demiologic studies, it appears evident that hyperinsuline-

mia–insulin resistance in metabolic syndrome may be a

critical factor associated with risk of colorectal cancer.

African Americans, compared with whites, have higher

serum insulin levels and insulin resistance. African
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Americans have the highest incidence of colorectal cancer

when compared to other ethnic and racial groups in the

United States. Further development of measures of bio-

markers of tumor biology and host susceptibility in African

Americans may provide further insight on risk stratification.
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63. Hermanns-Lê T, Scheen A, Piérard GE. Acanthosis nigricans

associated with insulin resistance: pathophysiology and man-

agement. Am J Clin Dermatol. 2004;5:199–203.

64. Arslanian SA. Metabolic differences between Caucasian and

African-American children and the relationship to type 2 dia-

betes mellitus. J Pediatr Endocrinol Metab. 2002;15:509–517.

65. Saad RJ, Danadian K, Lewy V, et al. Insulin resistance of

puberty in African-American children: lack of a compensatory

increase in insulin secretion. Pediatr Diabetes. 2002;3:4–9.

66. Arslanian SA, Saad R, Lewy V, et al. Hyperinsulinemia in

african-american children: decreased insulin clearance and

increased insulin secretion and its relationship to insulin sensi-

tivity. Diabetes. 2002;51:3014–3019.

67. Svec F, Nastasi K, Hilton C, et al. Black-White contrasts in

insulin levels during pubertal development. The Bogalusa Heart

Study. Diabetes. 1992;41:313–317.

68. Bacha F, Saad R, Gungor N, et al. Obesity, regional fat distri-

bution, and syndrome X in obese black versus white adoles-

cents: race differential in diabetogenic and atherogenic risk

factors. J Clin Endocrinol Metab. 2003;88:2534–2540.

69. Gaillard T, Schuster D, Osei K. Metabolic syndrome in Black

people of the African diaspora: the paradox of current classifi-

cation, definition and criteria. Ethn Dis. 2009;19:S2.1–S2.7.

70. Martinez Cantarin MP, Keith SW, et al. Relationship of adipo-

kines with insulin sensitivity in African Americans. Am J Med
Sci. 2011;342:192–197.

71. Lee S, Bacha F, Gungor N, et al. Racial differences in adipo-

nectin in youth: relationship to visceral fat and insulin sensi-

tivity. Diabetes Care. 2006;29:51–56.

72. Fiscella K, Winters P, Tancredi D, et al. Racial disparity in death

from colorectal cancer: does vitamin D deficiency contribute?

Cancer. 2011;117:1061–1069.

73. Grant WB, Peiris AN. Possible role of serum 25-hydroxyvitamin

D in black-white health disparities in the United States. J Am
Med Dir Assoc. 2010;11:617–628.

74. Lee JE, Li H, Chan AT, et al. Circulating levels of vitamin D

and colon and rectal cancer: the Physicians’ Health Study and a

meta-analysis of prospective studies. Cancer Prev Res (Phila).
2011;4:735–743.

75. Giovannucci E. Epidemiology of vitamin D and colorectal

cancer: casual or causal link? J Steroid Biochem Mol Biol.
2010;121:349–354.

76. Wei MY, Garland CF, Gorham ED, et al. Vitamin D and pre-

vention of colorectal adenoma: a meta-analysis. Cancer Epi-
demiol Biomarkers Prev. 2008;17:2958–2969.

77. Ng K, Meyerhardt JA, Wu K, et al. Circulating 25-hydroxyvi-

tamin D levels and survival in patients with colorectal cancer. J
Clin Oncol. 2008;26:2984–2991.

78. Giovannucci E. Epidemiological evidence for vitamin D and

colorectal cancer. J Bone Miner Res. 2007;22:V81–V85.

79. Gorham ED, Garland CF, Garland FC, et al. Optimal vitamin D

status for colorectal cancer prevention: a quantitative meta-

analysis. Am J Prev Med. 2007;32:210–216.

80. Giovannucci E. The epidemiology of vitamin D and colorectal

cancer: recent findings. Curr Opin Gastroenterol. 2006;22:

24–29.

81. Giovannucci E. Commentary: vitamin D and colorectal can-

cer—twenty-five years later. Int J Epidemiol. 2006;35:222–224.

82. Davis CD, Milner JA. Vitamin D and colon cancer. Expert Rev
Gastroenterol Hepatol. 2011;5:67–81.

2502 Dig Dis Sci (2012) 57:2497–2503

123



83. Touvier M, Chan DS, Lau R, et al. Meta-analyses of vitamin D

intake, 25-hydroxyvitamin D status, vitamin D receptor poly-

morphisms, and colorectal cancer risk. Cancer Epidemiol Bio-
markers Prev. 2011;20:1003–1016.

84. International Agency for Research on Cancer (IARC), Vitamin

D and Cancer. IARC Working Group Reports. Lyon, France:

IARC; 2008.

85. Harris SS. Vitamin D and African Americans. J Nutr. 2006;136:

1126–1129.

86. Clemens TL, Adams JS, Henderson SL, et al. Increased skin

pigment reduces the capacity of skin to synthesise vitamin D3.

Lancet. 1982;1:74–76.

87. Teegarden D, Donkin SS. Vitamin D: emerging new roles in

insulin sensitivity. Nutr Res Rev. 2009;22:82–92.

88. Boucher BJ. Vitamin D insufficiency and diabetes risks. Curr
Drug Targets. 2011;12:61–87.

89. Cavalier E, Delanaye P, Souberbielle JC, et al. Vitamin D and

type 2 diabetes mellitus: where do we stand? Diabetes Metab.

2011;37:265–272.

90. Chiu KC, Chu A, Go VL, et al. Hypovitaminosis D is associated

with insulin resistance and beta cell dysfunction. Am J Clin
Nutr. 2004;79:820–825.

91. Borissova AM, Tankova T, Kirilov G, et al. The effect of

vitamin D3 on insulin secretion and peripheral insulin sensitivity

in type 2 diabetic patients. Int J Clin Pract. 2003;57:258–261.

92. Ashraf A, Alvarez J, Saenz K, et al. Threshold for effects of

vitamin D deficiency on glucose metabolism in obese female

African-American adolescents. J Clin Endocrinol Metab. 2009;

94:3200–3206.

93. Alvarez JA, Bush NC, Choquette SS, et al. Vitamin D intake is

associated with insulin sensitivity in African American, but not

European American, women. Nutr Metab (Lond). 2010;7:28.

94. Alvarez JA, Ashraf AP, Hunter GR, et al. Serum 25-hydrox-

yvitamin D and parathyroid hormone are independent determi-

nants of whole-body insulin sensitivity in women and may

contribute to lower insulin sensitivity in African Americans. Am
J Clin Nutr. 2010;92:1344–1349.

95. Nunlee-Bland G, Gambhir K, Abrams C, et al. Vitamin D

deficiency and insulin resistance in obese African-American

adolescents. J Pediatr Endocrinol Metab. 2011;24:29–33.

96. von Hurst PR, Stonehouse W, Coad J. Vitamin D supplemen-

tation reduces insulin resistance in South Asian women living in

New Zealand who are insulin resistant and vitamin D defi-

cient—a randomised, placebo-controlled trial. Br J Nutr. 2010;

103:549–555.

97. Nagpal J, Pande JN, Bhartia A. A double-blind, randomized,

placebo-controlled trial of the short-term effect of vitamin D3

supplementation on insulin sensitivity in apparently healthy,

middle-aged, centrally obese men. Diabet Med. 2009;26:19–27.

98. Mitri J, Dawson-Hughes B, Hu FB, et al. Effects of vitamin D

and calcium supplementation on pancreatic b cell function,

insulin sensitivity, and glycemia in adults at high risk of dia-

betes: the calcium and vitamin D for diabetes mellitus (CaDDM)

randomized controlled trial. Am J Clin Nutr. 2011;94:486–494.

99. Wolden-Kirk H, Overbergh L, Christesen HT, et al. Vitamin D

and diabetes: its importance for beta cell and immune function.

Mol Cell Endocrinol. 2011;347:106–120.

100. Wu K, Feskanich D, Fuchs CS, et al. A nested case control study

of plasma 25-hydroxyvitamin D concentrations and risk of

colorectal cancer. J Natl Cancer Inst. 2007;99:1120–1129.

101. Joffe BI, Wing JR, Zouvanis M, et al. NIDDM in African-

Americans and black South Africans: many similarities but some

important differences. Diabetes Care. 1996;19:1451–1452.

102. Karim MA, Wang X, Hale TC, et al. Insulin Promoter Factor 1

variation is associated with type 2 diabetes in African Ameri-

cans. BMC Med Genet. 2005;6:37.

103. Higgins PB, Fernández JR, Goran MI, et al. Early ethnic dif-

ference in insulin-like growth factor-1 is associated with African

genetic admixture. Pediatr Res. 2005;58:850–854.

104. Gower BA, Fernández JR, Beasley TM, et al. Using genetic

admixture to explain racial differences in insulin-related phe-

notypes. Diabetes. 2003;52:1047–1051.

Dig Dis Sci (2012) 57:2497–2503 2503

123


	Hyperinsulinemia, Insulin Resistance, Vitamin D, and Colorectal Cancer Among Whites and African Americans
	Abstract
	Introduction
	Hyperinsulinemia and Colorectal Cancer
	Insulin Resistance in African Americans
	Discussion
	Acknowledgments
	References


