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Chapter 1.   PRELUDE 

Increasingly, inflammation has been shown to play an important role in the etiology 

of many chronic diseases including heart diseases, stroke, diabetes and autoimmune 

diseases. The potential relationship between cancer and inflammatory processes had been 

indicated more than 150 years ago by R. Virchow when he detected white blood cells in 

tumor infiltrate 1. Over the last decades the relationship between inflammation and solid 

cancers has been intensively investigated 2,3 and numerous examples have been found for 

cancers of colon and rectum, ovary, pancreas, stomach, liver, esophagus, kidney, and 

prostate. Examples of well-established relations between inflammatory conditions and 

cancers include chronic pancreatitis and pancreatic cancer and inflammatory bowel 

disease and colorectal cancer. In the last edition of “The biology of cancer”, Dr. Robert 

A. Weinberg [2007] said that the “connection between inflammation and cancer has 

moved to the center stage arena” 4. 

The goal of this proposal is to examine inflammatory processes and their 

association with the development of cancer in population-based studies. The first 

proposal explored whether circulating levels of acute inflammation markers such as white 

blood cells, fibrinogen, factor VIII, von Willebrand factor, albumin, and C-reactive 

protein are associated with subsequent colorectal cancer incidence. The second proposal 

investigated whether anti-inflammatory drugs were inversely associated with incident 

ovarian and endometrial cancers. Finally, the third proposal examined whether or not 

people suffering from an inflammatory autoimmune disease – psoriasis – have an 

increased risk of cancers: total, breast, lung, and colon cancer. 
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Chapter 2.   INFLAMMATORY MARKERS AND COLORECTAL CANCER 

A.  BACKGROUND 

A1.  Introduction  

Colorectal cancer (CRC) is the third most common cancer and the third leading 

cause of cancer deaths in adult Americans 5. In spite of all prevention strategies, 146,970 

incident cases (75,590 men and 71,380 women) and 49,920 deaths were estimated to 

occur in 2009 5. Around 40% of CRC patients survive for more than 5 years, and survival 

is better for those diagnosed at an earlier CRC stage. Thus, identifying risk factors and 

predictors of CRC are important for its prevention. There is strong epidemiological 

evidence that inflammation contributes to CRC pathogenesis: 

1) Many studies demonstrated a strong positive association between CRC risk and 

inflammatory bowel disease, especially ulcerative colitis 6,7. For those with ulcerative 

colitis, the CRC risk is increased by more than 5 times; and higher cancer risk is 

associated with more extensive disease, more severe inflammation, and longer duration 

6,7. Furthermore, patients with CRC have increased levels of calprotectin – a marker for 

bowel inflammation at the tissue level 9. 

2) Non-steroidal inflammatory drugs (NSAIDs) were consistently shown to reduce the 

CRC risk in observational studies by more than 20-60% 8,10-13. Recently, two large 

randomized trials with post-trial follow-up for >20 years confirmed a significant 

protective effect of aspirin use of 300 mg/day for 5 years on CRC incidence (HR=0.60, 

95%CI, 0.42; 0.87) 14,15. 

3) Obesity is associated with chronic low-level inflammation: adipocytes, which are 

elevated in obese people, serve as an important source of proinflammatory cytokines. 
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Obesity promotes inflammation, insulin resistance, and diabetes; both obesity and 

diabetes are risk factors for incident CRC 16.  

4) Recently, epidemiological studies observed positive associations of CRC incidence 

and mortality with plasma inflammatory markers, especially C-reactive protein (CRP), 

white blood count (WBC), fibrinogen, and albumin 17-24. However, it is difficult to 

establish whether inflammatory markers became elevated before or after CRC onset. 

 

A2.  Mechanisms of inflammation 

Inflammation is a normal physiological response to tissue injury, caused by 

infection, autoimmune disease, malignant and benign tumors, or other pathologies. The 

goal of the inflammation is to destroy the injurious agents and heal the damaged tissues 

1,25. Inflammation involves the increased supply of circulating leukocytes (granulocytes, 

monocytes, and lymphocytes), connective tissue cells, fibrous proteins, and glycoproteins 

to the site of injury. It is accompanied by the release of cytokines and mediators including 

tumor necrosis factor-α (TNF-α), interleukins IL-1β, IL-6, interferon-γ (INF-γ), 

transforming growth factor-β (TGF-β), and oxidant-generating enzymes 25,26. 

When excessive inflammation persists for a long time, it leads to chronic 

inflammation characterized by infiltration with macrophages, lymphocytes, and plasma 

cells; the secretion of cyclo-oxygenase (COX-2) and prostaglandins in macrophages and 

epithelial cells; tissue destruction due to continuous production of reactive oxygen 

species (ROS) and reactive nitrogen species (RNS); and repair involving angiogenesis 

and fibrosis 27. Chronic inflammation predisposes to many diseases including 

cardiovascular diseases, diabetes, rheumatoid arthritis, and cancer. 
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A3.  Inflammation and colorectal cancer: biological mechanisms 

Recent studies have indicated that all of inflammatory mechanisms play role in the 

CRC pathogenesis. The principal mediator of this process is a transcription factor NF-κB 

released by TNF-α (Figure 2-1). Activation of the NF-κB pathway causes the secretion of 

more cytokines, chemokines, anti-apoptotic and mitogenic proteins, and excessive 

production of ROS, RNS, and COX-2. ROS and RNS can result in oxidative damage to 

lipids, proteins, carbohydrates, DNA damage and mutation and inactivation of repair 

mechanisms. COX-2 synthesizes prostaglandins which induce production of endothelial 

growth factors, cell proliferation, and angiogenesis. 

It was speculated that the normal colon mucosa is in a constant state of low-grade 

inflammation caused by microbial flora 28. COX-2 enzyme and prostaglandin E2 

concentrations are increased in the portal vein and colon mucosa in human CRC. In 

addition, associations between polymorphisms of COX-2 and risk of colon cancer have 

been reported 24,27. Moreover, ROS are expressed in colon tissues, and a polymorphism 

(Ala9Val) related to decreased defense capacity against ROS has been associated with 

increased CRC risk 27. Further, elevated production of TNF-α  and other pro-

inflammatory cytokines was observed in the microenvironment of colon tumors in mice 

29. Finally, several genetic polymorphisms in inflammatory cytokine genes have been 

associated with an increased risk for colorectal adenomas and CRC 30,31,58.  
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A4.  Overview: Acute phase reactants  

The presence and intensity of inflammation are reflected by changes in the 

concentrations of acute-phase reactants – non-specific markers of systemic inflammation. 

Acute phase changes can be divided into changes in the concentration of acute-phase 

proteins and some other biochemical and physiological alterations, for instance, changes 

in white blood cell count 32. 

The group of acute phase proteins includes at least 40 proteins; they are components 

of the human innate immune system. In response to acute inflammation, the 

concentrations of all acute phase reactants typically change by at least 25%: the 

concentrations of positive proteins such as CRP and fibrinogen increase, whereas the 

concentrations of negative reactants (e.g. albumin) decrease 32 (Figure 2-2). The acute 

phase proteins are mainly produced by hepatocytes upon stimulation by cytokines such as 

interleukins: IL-6, IL1-β, transforming growth factor-β (TGF-β), and tumor necrosis 

factor-α (TNF-α) 25. Cytokine IL-6 is the major stimulator of production of acute-phase 

proteins.  

Chronic inflammation is characterized by a modest increase in the levels of acute-

phase reactants. Although the exact mechanism is complex and has not been established, 

different acute phase reactants are individually regulated by cytokines and the pattern of 

cytokine production is different for various inflammatory processes 32.  
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A5.  Acute phase reactants and their association with CRC 

A5.a. White Blood cells (WBC) 

The WBC count is a well-standardized and inexpensive marker that reflects 

systemic inflammation 17,33. The normal range in plasma is 3.54-9.06 x 109 count/L 34. It 

is often elevated during acute or chronic infections and is increased by about 25% in 

smokers compared to nonsmokers 35. Not only does an increase in leukocyte count reflect 

inflammation, but leukocytes also produce oxygen metabolites that can cause DNA 

damage in mammalian cells 36. 

A5.a.1. WBC count and CRC risk: epidemiological studies 

An increase in WBC count within the clinically normal range was associated with 

increased risk of death, cardiovascular disease and diabetes in several prospective 

studies37,38. Several studies, examining relations between all-cause cancer mortality and 

WBC count, reported that a greater WBC count may predict increased mortality from 

cancers17,33,37-39 (Table 2-1). 

A few studies that have examined the association between WBC count and cancer 

incidence have observed positive associations with lung 21,40, endometrial, and invasive 

breast cancers 21. An association between incident CRC and WBC count was explored in 

two studies (Table 2-1). Margolis et al [2007] showed that postmenopausal women with a 

WBC count in the highest quartile had a significantly increased CRC risk: HR=1.19 

(95%CI, 1.00; 1.41) compared to those in the lowest quartile of WBC count after 

adjusting for age, race, smoking, pack-years of smoking, alcohol use, physical activity, 

NSAIDs use, hormone therapy, BMI, history of diabetes and family history of CRC 21. 

Lee et al [2006] examined the association of WBC count with incident CRC overall and, 
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separately, with incident colon and rectal cancers among participants in the Korean 

Prevention Study 24. The association was strongest for colon cancer: multivariate-

adjusted HRs in the upper versus the lowest quartile of WBC count were 1.38 (95%CI, 

1.09; 1.76) in men and 1.46 (95%CI, 1.20; 1.78) in women 24. Of note, this association 

persisted in never smokers. 

A5.b. C-reactive protein (CRP) 

CRP is produced in liver, and its secretion is regulated by proinflammatory 

cytokines, in particular IL-6 41. It was first discovered in plasma of patients with the acute 

phase of pneumococcal pneumonia 32. Currently, serum CRP is routinely measured as a 

marker of the presence and intensity of inflammatory processes 42. Normal CRP 

concentrations vary from 0.1 to 10 mg/L. In response to acute inflammation, CRP levels 

increase to 3- to 1000-fold: CRP values >10 mg/L are indicative of acute inflammation 

32,43. However, low-grade chronic inflammation, that occurs, for instance, in obese 

people, can be characterized by a 2-fold increase of CRP values 43. 

It was suggested that CRP is not only a marker of inflammation but has pro-

inflammatory and anti-inflammatory effects itself. Its pro-inflammatory response 

involves activating endothelial cells, monocytes and smooth muscle cells, inducing 

expression of adhesion molecules, chemoattractants, tissue factors, and activating the NF-

κB pathway 41,44. Its anti-inflammatory action involves binding to damaged cellular 

tissues, preparing them for phagocytosis and clearance by macrophages and leukocytes. 

Increased CRP concentrations have been shown to be related to increased risk of 

cardiovascular diseases, type 2 diabetes, arthritis and several types of cancers 45. This 
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may reflect the presence of low-grade local or systemic inflammation, or alternatively, 

this may reflect proinflammatory or prothrombotic effects of C-reactive protein itself 32. 

A5.b.1. CRP concentrations and CRC risk: epidemiological studies 

The first study that examined a relationship between CRP levels and incident 

colorectal cancer was conducted by Erlinger et al in 2004 18 (Table 2-2). Using a nested 

case-control design within the CLUE II study, they observed higher plasma CRP 

concentrations among CRC cases than among controls (median CRP was 2.44 vs 1.94 

mg/L, respectively; p = 0.01). Compared to lowest quartile of CRP concentrations, the 

risk of colon cancer for those with the highest quartile was OR=2.55 (95%CI, 1.34; 4.88) 

(p-trend = 0.002). No association with rectal cancer was found. Positive associations for 

colon cancer were also observed in subgroup analyses among non-smokers, among both 

men and women, and among NSAIDs users and nonusers.  

Similar findings were detected in two other nested case-control studies within the 

Health Aging and Body Composition study, US 20 and within the Japan Public Health 

Center-Based Prospective Study 22 (Table 2-2). Another study conducted in the 

Netherlands found a positive association for non-sigmoid colon cancer only: RR= 1.48 

(95%CI, 1.14; 1.94) per 1 unit of natural logarithm of CRP 46. A strong positive 

association between CRP concentration and CRC risk in males was detected in a nested 

case-control study in Finland 19. Compared to men in the lowest CRP quartile, men in the 

highest quartile had an OR=2.9 (95%CI, 1.4; 6.0) for incident CRC, with a statistically 

significant dose-response relationship (p-trend=0.006). The association between CRP and 

CRC risk was stronger among lean than among heavier men.  
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Three other studies – the Japan Collaborative Cohort Study, European Prospective 

Investigation into Cancer and Nutrition, and Women's Health Study did not find 

statistically significant associations between CRP concentration and incident CRC 47-49. 

Moreover, there was an indication of an inverse CRP – CRC association in the Women's 

Health Study 49. The Women's Health Study could be different from other studies in a 

number of ways because it included only female health professionals who were older 

than 45, participated in a trial of low-dose aspirin and vitamin E use, and used hormone-

replacement therapy (HRT) more frequently than populations in other studies. Another 

reason for different findings among studies in addition to the different study populations, 

is insufficient adjustment for obesity, use of NSAIDs, and/or HRT. 

A review of the studies examining CRP and different cancers 45 and two meta-

analyses of prospective studies of high-sensitivity CRP and risk of invasive CRC were 

published 50,51. A review and a meta-analysis by Tsilidis et al [2008] indicated that the 

association between circulating CRP and CRC was weak. The meta-analysis by Tsilidis 

et al [2008] reported that the summary RR of the risk of invasive CRC per one unit 

change in log-transformed high-sensitivity C-reactive protein was 1.12 (95%CI, 1.01; 

1.25) for colorectal cancer, 1.13 (95%CI, 1.00; 1.27) for colon cancer, and 1.06 (95%CI, 

0.86; 1.30) for rectal cancer. The association was stronger in men (RR, 1.18; 95%CI, 

1.04; 1.34) compared to women (RR, 1.09; 95%CI, 0.93; 1.27), but this difference was 

sensitive to the findings from a single study 52. 

Another meta-analysis by Heikkila et al [2008] included two prospective cohorts 

with small number of cancer cases – the British Women’s Heart and Health Study (4,286 

women aged 60-80 y) and the Caerphilly Cohort (2,398 men aged 45-59 y) and pooled 
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their findings with previous prospective studies in fixed and random effects meta-

analyses 51. This meta-analysis reported a slightly increased risk of CRC in relation to 

CRP: random effects estimate HR=1.09 (95%CI, 0.98; 1.21) per 1 unit change of log-

transformed CRP, but the researchers “indicated that the results of some studies were 

inconsistent, with heterogeneity among the effect estimates (I2 = 50.2)”. The researchers 

concluded that large prospective studies specifically designed to investigate the 

relationship between CRP concentration and CRC risk are needed.  

Recently, a Danish prospective cohort reported the multivariate-adjusted HR of 

incident CRC: 1.7 (95%CI, 0.8; 3.2) for the highest versus lowest quintile of CRP (p-

trend = 0.33), but the number of CRC cases was small (N=93) 23 (Table 2-2). 

Contradictory results were also obtained in studies of CRP and colorectal adenoma 

– a precursor for CRC. The prevalence of colorectal adenomas was associated with 

higher concentrations of CRP, IL-6, and TNF-α in a cross-sectional study 53. However, 

two recent studies – in Korea 54 and the study within the CLUE II cohort 50– did not find 

any associations between pre-diagnostic plasma CRP concentration and risk of colorectal 

adenoma. Of note, since a positive association between CRP concentration and CRC was 

observed in the same CLUE II cohort, it may be that CRP concentration increases after 

the initiation of colorectal adenoma and may reflect inflammation and immune response 

related to adenoma’s development 55.  

Another potential approach to examining the link between CRP and incident CRC 

is gene-association studies, which use the principles of Mendelian randomization. As 

gene variants are randomly allocated at conception, associations of genetic 

polymorphisms and cancer outcomes are not affected by confounders or reverse causality 
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56. A study from Denmark examined SNP genotypes of CRP in relation to CRP plasma 

levels and to the CRC risk 57. The nine most common genotype combinations of the four 

CRP SNPs were associated with up to a 72% increase (95%CI, 58%; 87%) in CRP levels 

but not with an increased risk of CRC: OR=1.10 (95%CI, 0.74; 1.64) per genetically 

induced doubling in CRP level. Although this finding implies no causal association of 

CRP genotypes with the CRC risk, the authors indicated that it is still possible that CRP 

may be a marker of inflammation, which developed under physical, chemical, or 

microbial insult and resulted in colorectal carcinogenesis. Contrary to this study, the 

prospective CLUE II cohort study found that CRP T-T-T-C and C-T-C-A haplotypes 

were statistically significantly positively associated with CRC compared to the common 

T-T-T-A haplotypes 58.  

A5.c. Albumin 

Albumin is a negative acute-phase protein, which is synthesized in the liver, and its 

normal serum range is 3.4–4.7 g/dL for adults 59. Albumin is a major fraction of plasma 

proteins. It regulates osmotic pressure and transport of substances including proteins, 

ions, fatty acids, bile, and drugs and serves as a repository of amino acids for 

incorporation into other proteins. Importantly, albumin has been also shown to act as an 

antioxidant 60. It inhibits lipoxygenase by scavenging peroxy radicals. Albumin can also 

bind monounsaturated fatty acids and protect them from peroxidation 61. It has been 

hypothesized that through all of these mechanisms albumin may protect gastrointestinal 

mucosal membranes against the development of gastrointestinal cancer 62.  

A5.c.1. Albumin and CRC risk: epidemiological studies 
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Several epidemiological studies have reported an inverse association between serum 

albumin concentrations and overall cancer mortality 63,64. Furthermore, several studies 

showed that mild systemic inflammation in CRC patients before surgery measured by 

low albumin (< 35mg/L) and high CRP (>10 mg/L) concentrations predicts poor survival 

of CRC patients 65-67. The inflammation-based Glasgow prognostic score, consisting of 

albumin and CRP concentrations, was created and now is widely studied as a predictor of 

postoperative mortality in CRC patients. However, low albumin in this setting may also 

reflect malnutrition. 

To our knowledge, only two studies examined albumin concentrations in relation to 

CRC incidence (Table 2-3). The results are contradictory: Knekt et al [2000] observed an 

elevated risk of the distal colon cancer related to high serum albumin concentrations but 

no associations for the proximal colon or rectal cancer68; and Ko et al [1994] reported an 

inverse relationship between serum concentration of albumin and colon cancer risk (p-

trend=0.02) with similar inverse associations for proximal and distal colon sites 62.  

A5.d. Fibrinogen  

Fibrinogen is a positive acute-phase protein produced by the liver. Its normal range 

in plasma is 2.33-4.96 g/L (233-496 mg/dL) for adults, but in response to acute 

inflammation its concentration can increase up to 20 times 34. During an acute-phase 

response, increased synthesis of fibrinogen is mediated by IL-6 cytokine, and IL-6 

secretion can be up-regulated by fibrinogen degradation products 69. Fibrinogen is also 

the most abundant coagulation factor, a protein that is essential for blood clot formation. 

It is released into the circulation as needed along with over 20 other clotting factors. 

Fibrinogen takes part in wound healing; it activates the coagulation cascade and forms 

javascript:%20optionsdisplay('../../../glossary/protein.html')
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the fibrin clot under cleavage by thrombin. Fibrinogen stimulates endothelial-cell 

adhesion, spreading, and proliferation, which are all critical to tissue repair 32. Fibrinogen 

is increased in smokers, those with lower socioeconomic status, pregnant women, users 

of contraceptive medications, and those with high serum cholesterol; in addition, it rises 

about 0.25 g/L per decade of age 70,71. 

A5.d.1. Epidemiological studies of fibrinogen and CRC. 

Several epidemiological studies found that high plasma fibrinogen is positively 

associated with cancer mortality and all-cause mortality 72. A meta-analysis by Danesh et 

al [2005] reported an increased hazard ratio of CRC mortality: 1.71 (95%CI, 1.30; 2.25) 

per 1 g/L increment in fibrinogen, with an even stronger association for never smokers 

(HR=2.84, 95%CI, 1.51; 5.35) 73 (Table 2-3). The association persisted after adjustment 

for CRP concentration. To our knowledge, no studies examined fibrinogen concentrations 

in relation to incident CRC. 

A5.e. Factor VIII and Von Willebrand Factor (VWF)  

Factor VIII and VWF are positive acute phase proteins. Factor VIII is produced by 

liver. The normal range of Factor VIII in plasma is 0.5-1.50 (50-150%) of standard 34. It 

participates in blood coagulation as a clotting factor. Factor VIII circulates in a non-

covalent complex with VWF. 

VWF is a blood glycoprotein which is produced in endothelium and is involved in 

hemostasis. The normal range of VWF in plasma is 0.75-1.25 (50-150%) of standard 34. 

The VWF has two important functions in hemostasis: 1) it promotes platelet adhesion and 

aggregation at the site of injury; and 2) transports and stabilizes factor VIII in plasma. 

http://en.wikipedia.org/wiki/Blood
http://en.wikipedia.org/wiki/Glycoprotein
http://en.wikipedia.org/wiki/Endothelium
http://en.wikipedia.org/wiki/Hemostasis
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When factor VIII is not bound to VWF, factor VIII rapidly degrades 69. Factor VIII and 

VWF levels are strongly correlated with each other (r = 0.73) 74.  

Several studies reported associations of VWF and Factor VIII with chronic 

inflammatory conditions, e.g. diabetes and weight gain. Three studies 75-77 showed that 

increased VWF levels can predict diabetes. The proinflammatory cytokine IL-6, which is 

known to be associated with incident diabetes, stimulates release of VWF from vascular 

endothelium. VWF levels were correlated significantly several inflammatory markers 

such as IL-6 and CRP 76. Further, in the Atherosclerosis Risk in Communities study, 

Factor VIII levels were associated with subsequent diabetes and weight gain in middle-

aged adults 78,79. Increased levels of VWF and Factor VIII may reflect underlying 

inflammatory processes (including diabetes and /or obesity), which are associated with an 

increased CRC risk. Alternatively, diabetes and/or obesity may be associated with 

increased CRC risk via a non-inflammatory mechanism. To our knowledge, there have 

not been any epidemiological studies that examined VWF and Factor VIII in relation to 

CRC. 

A5.f. Conclusions 

In brief, epidemiologic data indicate that not only are levels of CRP and other acute 

phase reactants related to tumor growth and CRC progression, but they are often elevated 

before CRC onset. This may be in response to gut inflammation or generalized 

inflammation and be predictive of subsequent CRC 55. These concepts are supported with 

the genetic studies indicating that polymorphisms in CRP and IL-6 (regulatory cytokine 

for CRP) genes are related to increased risk of colorectal adenoma and CRC 30,31,58. There 

is evidence that acute phase reactants, such as CRP, fibrinogen, WBC, contribute to 
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colorectal cancer by perpetuating inflammation in the bowel wall through direct local 

effects or through effects on circulating proinflammatory cytokines rather than serving as 

merely passive markers of the inflammatory process 41,80,81. Thus, several mechanisms 

may explain the association between inflammatory markers and cancer. Our goal is to 

understand whether 1) the levels of biomarkers change in response to an undiagnosed 

cancer, since growing tumors stimulate inflammation by producing macrophages, other 

leukocytes, and numerous inflammatory cytokines or 2) the changes in the levels of the 

biomarkers occur before CRC onset; they may act as markers of underlying inflammatory 

process and/or they themselves may contribute to damage occurring during the 

inflammation and increase cancer risk. Thus, it is important to explore the underlying 

mechanisms of the association between the inflammatory markers and CRC in a 

prospective manner.  
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Figure 2-1. A signaling pathway associated with inflammation-induced cancer. Possible 
chemopreventive agents are shown in shaded boxes. Reproduced from Ohshima et al, 2005 27. 
 
 

 

Figure 2-2. Kinetics of acute-phase protein production. Characteristic patterns of change in 
concentrations of some acute phase proteins after a moderate inflammatory stimulus. Reproduced 
from Gabay, 2006 26.
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Table 2-1. Epidemiological studies of association between white blood cells (WBC) and colorectal cancer (CRC) (in alphabetic order) 
 

Author, year 
Country 
 

Type of study, 
Baseline age 
Years of follow-up 

Number of cases/deaths Relative risk or odds ratio (95%CI)  
 

p-trend/  
p-value 

Erlinger et al, 2004; 
Second National Health and 
Nutrition Examination Survey, 
United States 17 

Cohort, 30-74y,  
1976-92 
 

Non-lung cancer deaths 
N=291 

Non-lung cancer mortality (Q4 vs Q1) 
1.67 (1.08; 2.56) 
Colon cancer mortality 
0.87 (0.61; 1.25) per 1 SD of WBC  

 
0.02 
 
0.05 

Lee et al, 2006; 
Korean Cancer Prevention 
Study, Korea 24 
 

Cohort, 40-95y,  
1994-2003 
  
 

CRC, N-unknown 
  
Colon cancer,   
N=604 (men)/838 (women) 
Rectal cancer,  
N-unknown 
 

CRC incidence (Q4 vsQ1) 
Men 1.23 (1.03; 1.47)/women 1.15 (0.99; 1.33) 
Colon cancer incidence (Q4 vs Q1) 
Men 1.38 (1.09; 1.76)/women 1.46 (1.20; 1.78)  
Rectal cancer incidence (Q4 vs Q1) 
Men 1.16 (0.91; 1.45)/women 1.14 (0.93; 1.39)  
Stronger associations  for never smokers  
Similar trends for CRC mortality 

 
0.003/0.08 
 
0.0017/0.0003 
 
0.0985/0.2987 

Margolis et al, 2007; 
Women’s Health Initiative, 
US 21 

Cohort of women 
50-79y, 1992-2005 

CRC, N=1341 
 
 

CRC incidence (Q4 vs Q1) 
1.19 (1.00; 1.41)  

0.001 

Shankar et al, 2006; 
Blue Mountains Eye Study,  
Australia 33 

Cohort, 49-84y,  
1992-2001 
 

Non-lung cancer deaths, 
N=190 

Non-lung cancer mortality (Q4 versus Q1) 
1.67 (1.1; 2.51) 
Mortality from gastrointestinal cancer (per 1 SD) 
1.09 (0.98; 1.21) 

0.0017 
 
 
0.05 
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Table 2-2. Epidemiological studies of association between C-reactive protein (CRP) and incident colorectal cancer (CRC) (in alphabetic order) 
 

Author, year, name of the study, 
Country 

Type of study, baseline 
age, years of follow-up  

Number of cases 
 

Relative risk/odds ratio (95%CI) p-trend 
/value 

Allin et al, 2009; Copenhagen City 
Heart Study, Denmark 23 

Cohort study, 20+ y, 
1976-2003  

CRC, N=10,408 
 

for  >3 mg/L vs <1 mg/L CRP, 1.9 (0.8; 4.6) 
for (Q4 vs Q1), 1.7 (0.8 to 3.2) 

0.1 
0.1 

Erlinger et al, 2004; CLUE II, US 18 Nested case-control study, 
mean age - 63y , 1989-
2004 

CRC, N=172  
Colon cancer, N=131 

CRC  (Q4 vs Q1): 2.00 (1.16; 3.46)  
Colon cancer (Q4 vs Q1): 2.55 (1.34; 4.88)  
Nonsmokers, (Q4 vs Q1): 3.51 (1.64; 7.51)  

0.008 
0.002 
0.001 

Gunter et al, 2006 ; Alpha-Tocopherol, 
Beta-Carotene Cancer Prevention 
Study, Finland 19 

Nested case-control study, 
of men, 53-6y, 
1985-2002 

CRC, N=130 (men 
only) 
 

CRC (Q4 vs Q1), 2.9 (1.4; 6.0)  
 

0.006 

Heikkila,K et al, 2008; The British 
Women's Heart and Health Study and 
the Caerphilly Cohort, UK 51   

Cohorts: women 60-80y, 
1999-2006;  
men, 45-59y, 1984-2006  

CRC,  
N=4,286 (women) 
N=2,398 (men) 

Per 1 SD of log(CRP) 
BWHHS, 0.97 (0.70; 1.34) 
Caerphilly Cohort, 0.89 (0.66; 1.22) 
Meta-analysis, 1.09 (0.98; 1.21) 

 
0.8 
0.5 

l'lyasova et al, 2005; Health Aging and 
Body Composition study, US 20  

Nested case-control study, 
70-79y, 1997-2004 

CRC, N=41  
 

CRC (per 1mg/L of log CRP)  
1.44 (1.03 to 2.02) 

_ 

Ito, 2005; Japan 47 Nested case-control study, 
40-79 y, 1994-1999  

CRC, N=141 CRC (Q3 vs Q1), 0.97 (0.50, 1.66) 
 

0.98 

Otani et al, 2006 
Japan Public Health Center-based 
Prospective Study (JPHC), Japan 22 

Nested case-control study, 
mean age – 57 y,  
1990-2003 

CRC, N=375 
Colon cancer, N=244 
Intramucosal, N=94 
Invasive, N=146  
Rectal cancer, N=111 

CRC (Q4 vs Q1), 1.6 (1.1, 2.5) 
Colon cancer (Q4 vs Q1), 1.6 (0.99; 2.7)  
Colon, intramucosal (Q4 vs Q1), 2.6 (1.1; 6.2) 
Colon, invasive Q4 vs Q1), 1.2 (0.64; 2.4) 
Rectal cancer (Q4 vs Q1), 1.4 (0.63; 3.3) 

0.053 
0.041 
0.017 
0.55 
0.82 

Siemes et al, 2006; Rotterdam Study,  
Netherlands 46 

Cohort, 55-95 y  
1989-2004 
 

Colon cancer 
Nonsigmoid, N=78 
Sigmoid, N=67 
Rectat cancer, N=44 

Per 1 unit of log (CRP) 
Nonsigmoid colon, 1.48 (1.14; 1.94) 
Sigmoid colon, 0.90 (0.69; 1.17) 
Rectum, 0.70 (0.50 to 0.99) 

– 

Trichopoulos et al, 2006; European 
Prospective Investigation into Cancer 
and Nutrition, Greece 48 

Nested case-control study, 
20-86 y, 1994-2004,  

CRC, N=48 
 

CRC (per 1 SD of CRP), 1.17 (0.93;1.46)  
 

>0.05 

Zhang et al, 2005 
Women’s Health Study, US 49 

Cohort of women, 45+ y, 
1993-2004 

CRC, N=169, women 
only 

>3 mg/L vs <1 mg/L,  0.66 (0.43; 1.03) 
 

0.09  

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Allin%20KH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
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Table 2-3. Epidemiological studies of associations between albumin and fibrinogen and colorectal cancer (CRC) 
 

Author, year 
Country 
Years of follow-up 

Type of study, 
Baseline age  

Number of cases  Relative risk/odds ratio 
(95%CI)  

p-
trend/ 
value 

Albumin 
Knekt et al, 2000, 
Finland 68 

Nested case-
control study, 
Mean ~54y, 
1986-1991 
 

CRC, N=177  
 
Colon cancer, N=93 
 
Colon, proximal, N=55 
 
Colon, distal, N=33 

CRC (Q4 vs Q1) 
1.15 (0.55; 2.40) 
Colon (Q4 vs Q1) 
2.01 (0.69; 5.81) 
Colon (proximal) (Q4 vs Q1) 
0.77 (0.19; 3.13) 
Colon distal (Q4 vs Q1) 
17.03 (1.48; 195) 

 
>0.05 

Ko et al, 1994,  
Washington County, 
Maryland,US 62 

Nested case-
control study, up 
to 1994 
 

Colon cancer, N=154 Odds ratio are not presented 
Inverse association 

 
 0.02 

Fibrinogen  
Danesh et al, 2005 
Meta-analysis 
Fibrinogen Studies 
Collaboration 73 

31 prospective 
studies 
154,211 
participants 
40+ y 

Number of CRC not 
presented 
Total number of deaths 
from cancers of digestive 
organs, N=288  

 
 
Deaths from cancers of 
digestive organs (per 1 g/L) 
1.71 (1.30; 2.25) 
 
Never smokers 
2.84 (1.51; 5.35) 

– 
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B.  STUDY DESIGN: ATHEROSCLEROSIS RISK IN COMMUNITIES 

(ARIC) COHORT STUDY 

B1.  Study design and population 

ARIC is a large population-based prospective cohort and community surveillance 

study of cardiovascular disease (CVD). In 1987-89, 15,792 volunteers aged 45-69 were 

recruited from four communities (approximately 4,000 in each community): suburban 

Minneapolis, MN, Forsyth County, NC, Jackson, MS, and Washington County, MD. To 

select cohort members at each location, probability sampling was used. Since all 

members of the Jackson, MS site were African-American, and 99% of Minneapolis and 

Washington county members were white, about 25% of the whole cohort members were 

African-American 82. 

At baseline, participants completed home interviews followed by medical 

examinations in the clinic. Among eligible participants, the percentage of those, who 

completed the baseline examination, was 65-67% for three sites in Minneapolis, Forsyth 

County, and Washington County, and 46% in Jackson 83. Non-respondents and 

respondents in the clinical exam were not significantly different on most of 

characteristics studied in home interview. However, non-respondents were more educated 

and were less likely to be current smokers, compared to the whole study cohort 83. Local 

institutional review boards approved the ARIC protocol and all participants provided an 

informed consent, which included consent for follow-up for disease occurrence. 

Follow-up clinical examinations were performed in 1990-92, 1993-95 and 1996-98 

with response rates of 93%, 86%, and 80%, respectively. Telephone interviews were 

administered annually to update information about hospitalizations, CVD outcomes, and 
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deaths. Hospital discharge codes (ICD-9) and dates for all hospitalizations including 

cancer were retrieved. The hospital discharge database is currently complete through 

2006. 

To ensure high data quality, ARIC staff and personnel were required to complete 

training and certification. Data collection and all the protocols were standardized. In 

addition, a variety of quality control procedures were undertaken to determine laboratory 

reliability: repeated measurements by the same or different technicians to assess inter-

rater and intra-rater reliability, draw of the duplicate blood samples and their shipment at 

a later date with separate identification numbers. Detailed descriptions of data collection 

and protocols can be found in the ARIC study manuals of operation 82. Here, variables 

and laboratory measurements related to this study are described. 

 

B2.  Baseline Data collection 

During home interview and clinical examinations, participants were asked about 

socio-demographic factors, lifestyle behaviors, anthropometrics, and medical history. 

Blood (serum and plasma) samples were collected and medical tests were conducted. For 

the present study, we analyzed baseline variables which may be risk factors for CRC 

and/or are associated with inflammatory markers. A list of characteristics with brief 

rationale for using them in our study is presented below: 

• Demographic factors: age, sex, race (white, black, others), and education (less than 

high school, high school and more than high school) were self-reported.  
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Rationale: Demographic characteristics and socio-economic status (SES) were shown to 

be associated with incident CRC 84. Some inflammatory markers, e.g. CRP and 

fibrinogen, may be also related to race, sex, and SES 85,86. 

• Body mass index (BMI) was calculated as weight (kg) divided by height (in meters) 

squared. Waist-to-hip ratio (WHR) was computed from circumferences of the waist 

(umbilical level) and hips (maximum). All measurements were taken by trained 

technicians. The measurements for BMI and WHR were shown to be reliable with 

reliability coefficients between two technicians of more than 0.9 at each field center. 

Rationale: BMI and WHR are associated with CRC risk. The associations have been 

found more consistently for men and have been stronger for abdominal obesity 87,88. 

Some inflammatory markers (for instance, CRP, factor VIII, and VWF) are related to 

obesity 78,79,89,100. 

• Smoking status (never, former, and current), number of cigarettes per day and 

duration of smoking were determined from baseline self-report questions. Pack-years of 

smoking were calculated.  

Rationale: Smoking may increase the risk of rectal cancer 88,90. It is also associated with 

inflammatory markers: CRP, WBC, and fibrinogen 35,71. 

• Dietary information was assessed by using a modified version of the Willett 61-item 

semi-quantitative food frequency questionnaire 91. Alcohol intake of beer, wine, hard 

liquor, and alcohol drinking status were evaluated and usual alcohol intake (grams per 

day) was calculated. 



 

 23

Rationale: Calorie intake and intake of meat, fiber, dietary calcium, and alcohol have 

been shown to be related to incident CRC 90,92-94. Dietary patterns are associated with 

levels of acute-phase reactants 95,96. 

• Physical activity was assessed by the Baecke Questionnaire and included 

occupational, sport and non-sport leisure activity. The questionnaire was shown to be 

valid and reliable 70.  

Rationale: Physical activity is inversely associated with colon cancer 24. Some studies 

also observed an inverse relationship with rectal cancer 97. It was shown that regular 

physical activity reduces resting CRP-levels 98. 

• History of cancer and diabetes mellitus. Prevalent cancer was defined as a self-report 

of a physician-diagnosed cancer. Prevalent diabetes mellitus was defined as a fasting 

serum glucose level of 126 mg/dL or non-fasting glucose level of ≥200 mg/dL (ADA 

recommendation), a participant’s report of a physician diagnosis of diabetes, or current 

use of diabetes medication.  

Rationale: Diabetes was shown to be a risk factor for incident CRC 99. In addition, CRP 

and other markers are related to diabetes 78,79,101.  

• Use of medication. ARIC participants were asked to bring to the baseline visit all of 

their current prescription and non-prescription medications taken in the previous two 

weeks, and the names of medications were recorded by staff. Dose and duration were not 

determined. 

Rationale: Risk of CRC is inversely associated with aspirin and non-aspirin NSAIDs use 

10-13. HRT was also shown to be protective against CRC in the Women’s Health initiative 
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randomized controlled trial 102. Additionally, levels of CRP and other inflammatory 

markers were related to NSAIDs and HRT use in some studies 89,103. 

 

B3.   Data collection at follow-ups 

Most of the biomarkers (discussed in detail in section B4 below) and covariates for 

this study were measured at baseline. We used some other covariates (as potential 

confounders) measured during follow-up. For example, detailed information about 

NSAIDs was collected at Visit 4 (1996-98). 

Furthermore, CRP was measured at Visit 4, so we used information about weight 

height, waist and hip circumference (to calculate BMI and WHR, respectively), and 

health history measured at this follow-up and diet information from Visit 3 (1993-95). 

 

B4.  Biological markers  

At each visit, ARIC participants had a venipuncture performed after an overnight 

fast of at least 8 hours. The blood samples were collected into vacuum tubes with sodium 

citrate (for hemostatic factors), EDTA (for WBC and lipids), or a serum separator gel (for 

glucose and chemistries). The serum and plasma samples were obtained by centrifugation 

and then, within a few weeks, were frozen at -70 C until analysis 104. 

B4.a. Inflammatory markers measured at baseline 

The ARIC Central Hemostasis Laboratory analyzed hemostasis variables within 

few months for all participants at baseline: fibrinogen (mg/dL) was measured by the 

thrombin-time-titration method, factor VIII coagulant activity (% of standard), by a one-

stage assay using factor VIII–deficient plasma obtained from George King Biomedical, 
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Inc. (Overland Park, Kansas) (Klauss method) I, and VWF antigen (% of standard) by 

enzyme-linked immunosorbent assay (American Bioproducts Co., and Diagnostica Stago, 

France) 70. The reliability coefficients, based on repeated testing of individuals over 1–2 

weeks, were 0.72 for fibrinogen, 0.86 for factor VIII activity, 0.68 for VWF, 0.69 for 

albumin, and 0.96-1.00 for white blood cells 78. 

ARIC Central Chemistry Laboratory at the University of Minnesota measured 

albumin (g/dL) by a bromocresol green colorimetric assay 78. 

Laboratories at each site measured WBC count in the whole blood using Coulter 

counters 78. 

B4.b. CRP measured at Visit 4 (1996-98) 

Serum concentrations of high-sensitivity (hs) CRP were measured for the whole 

cohort in 1996-98 (N=11,346) in 2008 on plasma frozen at –70°C from Visit 4 (1996-98) 

by the immunoturbidimetric assay using the Siemens (Dade Behring) BNII analyzer 

(Dade Behring, Deerfield, Il, USA), according to the manufacturer’s protocol. 

Approximately four percent of the samples were split and measured as blinded replicates 

on different dates to assess repeatability. The reliability coefficient for blinded quality 

control replicates of CRP was 0.99 (421 blinded replicates) 105. 

 

B5.  ARIC ancillary cancer study 

B5.a. Overview  

The ARIC study provides an excellent opportunity to investigate the etiology of 

cancer because it has information about numerous risk factors collected at the baseline 

interview and medical exam. However, this cohort was designed for studying 
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cardiovascular events, so not all risk factors related to cancer were collected. That is why 

in 1994-96, 14,287 telephone interviews were conducted to get additional information 

about cancer risk factors. Among other data, participants were asked to report family 

history of cancer (including site and age of onset) in first-degree relatives, history of 

sigmoidoscopy, colonoscopy, test for blood in the stools; and history of polyps and 

history of noncancerous tumors in the colon or rectum.  

B5.b. Cancer ascertainment 

Over 14,000 ARIC participants were free of cancer at baseline. During annual 

telephone interviews, ARIC participants reported if they developed cancer. To improve 

the accuracy and completeness of cancer data in ARIC, linkage to cancer registries has 

been conducted. The first linkage to ascertain cancer cases began in the late 1980s, the 

second linkage was through 2000, and the last completed linkage with State cancer 

registries has been conducted and identified cancer cases from 2001 through 2006. 

Three centers – Minneapolis, Forsyth County, and Washington County – have been 

covered by state or county cancer registries from the beginning of the study up to now, 

whereas Jackson was covered by state registry only after 1995. In the communities 

covered by cancer registries, cancer occurrence, primary site, and diagnosis date were 

identified by a linkage of cohort identifiers (e.g., social security number, name, date of 

birth) with the registry’s database. Information about stage was not uniformly collected. 

The Minnesota Cancer Surveillance System had data completeness estimated at 

99.7% 106. The Washington County registry (used in the first linkage 1987-95) had 90% 

estimated completeness and was supplemented by the Maryland Cancer Registry to 

ensure coverage (in the second 1996-2000 and third linkages 2001-2006, the statewide 
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registry was used). From 1987 to 1989, the North Carolina Central Cancer Registry was 

complete for the major hospitals in Forsyth County only; statewide data were available 

beginning in 1990. The Mississippi registry reported 90% completeness in 1999 and 96% 

completeness in 2000 but subsequent discussions with registry staff suggest that 

completeness may have been lower.  

For Jackson, which did not have a statewide cancer registry prior to 1995, cancers 

that had occurred prior to establishment of the registry were identified by ARIC hospital 

surveillance using ICD-9 discharge codes (International Classification of Diseases).  

In addition, for participants from all four sites, who had had cancer events 

according to ARIC hospital surveillance and moved from their State of residence, 

medical records for hospitalized cancer events were obtained, analyzed, and verified. 

B5.c. Current update 

An update of linkage with cancer registries from 2001 through 2006 has been 

recently completed. Data files with ARIC identifiers were sent to each State registry for 

linkage. Returned files were merged with the ARIC database. For people who had 

cancer-related hospital discharge codes (ICD-9), not confirmed by registries, relevant 

hospital records were retrieved and analyzed to identify additional cancer cases. Hospital 

discharge codes (ICD-9) and other information related to the cancer diagnosis–primary 

site, date of diagnosis, and source of diagnosis information (e.g., pathology report)– were 

copied from medical records. Study investigators reviewed these records and verified 

cases. 

Overall, 346 colorectal cancers (252 colon and 86 rectal) were identified from Visit 

I through December 31, 2006. 
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C.  MANUSCRIPT I – INFLAMMATORY MARKERS AS PREDICTORS OF 

COLORECTAL CANCER RISK: ARIC STUDY 

 
Background: Chronic inflammation has been implicated in the etiology of colorectal 

cancer (CRC), but epidemiological findings on the association between inflammatory 

markers and CRC risk are inconsistent. We hypothesized that increased concentrations of 

systemic inflammatory markers – white blood cell count (WBC), fibrinogen, von 

Willebrand factor (VWF), factor VIII, and C-reactive protein (CRP) – and decreased 

albumin concentration would be associated with increased CRC risk in the ARIC 

prospective cohort.  

Methods: WBC, fibrinogen, VWF, factor VIII, and albumin were measured in 1987-89 in 

13,414 men and women. All these markers were transformed to Z scores, which were 

summed up to construct a blood “inflammation Z-score”. Albumin was included with a 

negative sign, since it decreases with greater inflammation. WBC was transformed to its 

natural logarithm to reduce departures from normality. A total of 308 incident CRC cases 

were identified through 2006 in initially cancer-free participants. CRP was measured in 

1996-98 in 9,836 initially cancer-free people; 166 of them developed CRC through 2006. 

Multivariate proportional hazard models were used to estimate the hazard ratios (HR) 

(95% confidence interval, CI) of CRC in relation to each individual marker and the 

inflammation Z-score. 

Results: After multivariate adjustment, comparing the highest to the lowest quartile, there 

was a statistically significant association of CRC risk with fibrinogen: HR =1.50 (95%CI, 
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1.05; 2.15) (p-trend across quartiles was 0.03), inflammation Z-score: HR=1.65 (95%CI, 

1.15; 2.35) (p-trend=0.01) and CRP: HR=1.97 (95%CI, 1.13; 3.43) (p-trend=0.02). 

Conclusions: In summary, this cohort study indicates that fibrinogen, CRP, and blood 

inflammation Z-score are positively associated with CRC risk. These findings are 

consistent with other evidence supporting a role of chronic inflammation in the etiology 

of CRC. 

 

C1.  Rationale and hypothesis  

Chronic inflammation has been previously linked to the etiology of cancer 2. The 

evidence is strongest for colorectal cancer (CRC). It has been shown that colonic 

inflammatory bowel disease, especially ulcerative colitis, increases risk of CRC 14,28, 

whereas nonsteroidal anti-inflammatory drugs (NSAIDs) reduce the risk of CRC 10-14. 

Moreover, several epidemiological studies observed positive associations between C-

reactive protein (CRP) – a non-specific marker of inflammation in the body – and CRC 

risk 18-20,22. The odds ratio (OR) of CRC was increased by 60-190% for the highest versus 

the lowest CRP quartile in three studies 18,19,22, and by 40% per 1 unit of log-transformed 

CRP in the fourth study 20. However, few studies have examined other acute phase 

reactants in relation to incident CRC 21,24,62. 

Our goal was to investigate associations of blood markers of systemic inflammatory 

response, including C-reactive protein (CRP), white blood cell (WBC) count, fibrinogen, 

von Willebrand factor (VWF), factor VIII, and albumin with CRC risk in the ARIC 

cohort. These biomarkers are acute phase reactants, which change their concentrations in 

response to acute inflammation by at least 25%: the level of positive acute phase 
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reactants such as WBC, fibrinogen, VWF, Factor VIII, and CRP increase, whereas the 

level of albumin – a negative reactant – decreases 32. The acute phase reactants are 

components of the innate immune system. They are mainly produced by hepatocytes by 

the action of pro-inflammatory cytokines, such as interleukins: IL1-β, IL-8, tumor 

necrosis factor-α TNF-α, and IL-6 25. When excessive inflammation persists for a long 

time, it leads to chronic inflammation characterized by infiltration with macrophages, 

lymphocytes, and plasma cells; the secretion of cyclo-oxygenase (COX-2) and 

prostaglandins in macrophages and epithelial cells; tissue destruction due to continuous 

production of reactive oxygen species (ROS) and reactive nitrogen species (RNS); and 

repair involving angiogenesis and fibrosis 27. Chronic inflammation is characterized by a 

modest increase in the levels of acute-phase reactants, which have been shown to be 

associated with heart disease, diabetes, and obesity 32,78,79,100,107,108. Chronic inflammation 

has been also proposed to play a role in cancer development and progression 109. 

Two general hypotheses about the association between chronic inflammation and 

cancer have been suggested: 1) the induction hypothesis –inflammation causes cancer, 

i.e. occurs before the onset of cancer, and 2) the response hypothesis –inflammation is 

caused by the immune response to tumor growth 46. While the response theory has been 

firmly established 2,3,110, the induction hypothesis is still being investigated 46,111. 

Our hypothesis was that increased concentrations of positive acute phase reactants, 

CRP, WBC, fibrinogen, VWF, factor VIII, and decreased concentration of a negative-

phase reactant, albumin, measured before CRC diagnosis, are associated with increased 

future incidence of CRC. We examined the associations of CRC risk in relation to each 

individual marker and to an inflammation Z-score created at baseline. The ARIC dataset 
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provides an excellent opportunity to prospectively examine inflammatory markers in 

relation to cancer because data about these biomarkers, as well as information about 

potential confounding variables, were collected for all participants before cancer 

diagnoses. 

 

C2.  Materials and Methods  

C2.a. Study design and population 

ARIC is a large population-based prospective cohort and community surveillance 

study of cardiovascular disease (CVD). Details of the ARIC cohort have been published 

elsewhere 112. In brief, in 1987-89, 15,792 volunteers aged 45-69 were recruited from 

four communities (approximately 4,000 in each community): suburban Minneapolis, MN, 

Forsyth County, NC, Jackson, MS, and Washington County, MD. All members of 

Jackson, MS site were African-American, and 99% of Minneapolis and Washington 

county members were white, so about 25% of the ARIC cohort was African-American 82. 

For this analysis, all races other than Caucasian or African-American were excluded 

(N=46), as well as African-Americans from Washington and Minneapolis (N=55). 

At baseline, participants completed home interviews followed by medical 

examinations in the clinic. Of those who were contacted, there was a 46% response for 

the Jackson cohort and a 65% to 67% response for the other cohorts. Follow-up clinical 

examinations were performed in 1990-92 (Visit 2), 1993-95 (Visit 3), and 1996-98 (Visit 

4), with response rates of 93%, 86%, and 80%, respectively. Telephone interviews were 

administered annually to update information about all hospitalizations, CVD outcomes, 
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and deaths. The database of hospital discharge ICD-9 codes is currently complete through 

2006.  

Local institutional review boards approved the ARIC protocol and all participants 

provided an informed consent, which included consent for follow-up for disease 

occurrence. 

C2.b. Baseline Data collection (Visit 1) 

During home interview and clinical examinations, participants were asked to report 

their demographic characteristics, education, lifestyle behaviors, and medical history. 

Trained personnel performed anthropometrics and collected blood (serum and plasma) 

samples. Detailed information about data collection and quality-control methods has been 

described 82. 

Body mass index (BMI) was calculated (kg/m2) from standing body weight and 

height with the subject wearing a scrub suit and no shoes. Waist circumference (at the 

umbilical level) and hip circumference (maximum) were measured to the nearest 

centimeter with the subject standing, and the waist-to-hip ratio (WHR) was calculated. 

The inter-technician reliability coefficient was above 0.90 for most anthropometrics 113. 

Alcohol drinking status (never, former or current), smoking status (never, former or 

current), number of cigarettes per day, and years of smoking were determined from self-

reported questions, and pack-years of cigarette smoking were calculated. Usual food 

intake during the previous year was collected by using a modified version of the Willett 

61-item semiquantitative food frequency questionnaire 114. Regular physical activity was 

assessed by the Baecke questionnaire and a semi-continuous sport index (ranging from 1 

to 5) was calculated 115.  



 

 33

Diabetes status was defined as having fasting plasma glucose levels greater than 

126 mg/dL, non-fasting plasma glucose >200 mg/dL, use of anti-diabetic medication 

within 2 weeks of data collection, or self-report of a diagnosis of diabetes. Participants 

were queried about their history of cancer and about aspirin use during the last two weeks 

before the examination. Dosage and frequency of aspirin use was not ascertained. 

Participants were asked to bring to the clinic all medications taken during the 2 weeks 

prior to the examination; thus data about oral contraceptives and hormone replacement 

therapy (HRT) were collected.  

C2.c. Data collection at follow-ups 

Since the ARIC cohort was designed to study cardiovascular events, not all risk 

factors for cancer were collected at baseline. Additional data about cancer risk factors 

was obtained from the telephone interview in 1994-96 (response 90%), which collected 

information about family history of any cancer in first-degree relatives, history of 

sigmoidoscopy/colonoscopy, testing for blood in the stool, history of polyps, and history 

of non-cancerous tumors in the colon or rectum. 

Furthermore, since CRP was measured in the entire cohort only at Visit 4, data 

about weight, height, waist and hip circumference (to calculate BMI and WHR, 

respectively), smoking status, alcohol intake, sport index, use of aspirin, oral 

contraceptives and HRT, and health history were obtained from Visit 4, and diet 

information, from Visit 3 (1993-95).  

C2.d. Biological markers  

At each visit, ARIC participants had a venipuncture performed after an overnight 

fast of at least 8 hours. The blood samples were collected into vacuum tubes with sodium 
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citrate (for hemostatic factors), ethylenediamine tetraacetic acid (for WBC and lipids), or 

a serum separator gel (for glucose and chemistries). Plasma was separated by 

centrifugation at 4 C and aliquots were stored at -70 C until analysis 104. At each visit, 

glucose, HDL, and LDL cholesterol levels were measured. 

Hemostasis variables were analyzed within few months for all participants at 

baseline in the ARIC Central Hemostasis Laboratory. Fibrinogen (mg/dL) was measured 

by using the thrombin-time titration method; VWF antigen (% of standard), by means of 

enzyme-linked immunosorbent assay; and factor VIII activity (% of standard) by means 

of clotting assays 70. Albumin (g/dL) was measured by a bromocresol green colorimetric 

assay 78. Laboratories at each site measured WBC count in the fresh whole blood using 

Coulter counters 78. The reliability coefficients, based on repeated testing of individuals 

over 1-2 weeks, were 0.72 for fibrinogen, 0.86 for factor VIII activity, 0.68 for VWF, 

0.69 for albumin, and 0.96-1.00 for white blood cells 78.  

High-sensitivity (hs) CRP (mg/L) was measured in 2008 on plasma frozen at –70°C 

from Visit 4 (1996-98) by the immunoturbidimetric assay using the Siemens (Dade 

Behring) BNII analyzer (Dade Behring, Deerfield, Il, USA), performed according to the 

manufacturer’s protocol. Approximately four percent of the samples were split and 

measured as blinded replicates on different dates to assess repeatability. The reliability 

coefficient for blinded quality control replicates of CRP was 0.99 (421 blinded replicates) 

105. 

C2.e. Ascertainment of incident colorectal cancer cases 

Incident cancers were ascertained between January 1, 1987 and December 31, 2006 

by linkage to a cancer registry and supplemented by hospital records. Minneapolis, 



 

 35

Forsyth County, and Washington County were covered by state or county cancer 

registries and reported high completeness of cancer data 106,116,117. After 1995, a state 

registry also covered Jackson but it was not always complete. Cancers that occurred in 

Jackson were further identified by ARIC hospital surveillance since participants were 

asked to report all hospitalizations at each annual telephone interview. ARIC hospital 

surveillance was also used to identify additional cancer cases in the remaining three sites. 

For participants who had hospital ICD codes for cancer that were not in cancer registries, 

records of hospitalized events were obtained and reviewed. Primary site, date of cancer 

diagnosis, and source of diagnostic information (e.g., a pathology report) were recorded. 

Data on stage were not uniformly collected. 

Overall, 308 CRCs were identified from Visit 1 until December 31, 2006 in our 

analytical cohort of 13,414 people, who were free of cancer at baseline, gave consent to 

participate in cancer studies, and did not have missing information about the 5 biological 

markers measured at baseline (WBC, fibrinogen, albumin, VWF, and factor VIII). 

There were 166 CRC cases between Visit 4 and December 31, 2006 among 9,836 

people who participated in Visit 4, did not have cancer up to Visit 4, and had CRP 

measured. 

C2.f. Statistical analysis 

The five inflammatory biomarkers at baseline were transformed to Z scores and 

summed up to construct an inflammation Z-score. Since WBC was not normally 

distributed, log transformed WBC was used. Albumin was included with a negative sign 

because its concentration decreases in response to inflammation. We examined covariates 

across quartiles of all biomarkers including fibrinogen, VWF, factor VIII, albumin, 
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WBC, and the inflammation score at baseline and CRP at Visit 4 using general linear 

models or chi-square tests. In addition, we measured correlations between biomarkers at 

baseline using Pearson correlations. 

For analyses of CRC with the inflammatory Z-score and biomarkers measured at 

baseline, person-years at risk were calculated from the baseline examination date to the 

date of CRC diagnosis, death, loss to follow-up, or December 31, 2006, whichever 

occurred first. For the analysis of CRP, person-years were calculated from the Visit 4 

date until the date of CRC diagnosis, death, loss to follow-up, or December 31, 2006, 

whichever occurred first. Poisson regression was used to calculate incidence rates of 

CRC, adjusted for age, sex, race, and center, and 95% confidence intervals (CI). 

Incidence rates in 1987-2006 were calculated for participant characteristics collected at 

Visit 1 and incidence rates in 1996-2006, for selected CRC risk factors assessed in 1994-

96. 

The proportional hazards model was used to estimate the hazard ratios of incident 

CRC and 95% CI for quartiles of each biomarker and the inflammation score. Tests for 

trend across the quartiles of each biomarker were computed by treating the quartiles as 

continuous ordinal variables. Proportional hazards assumptions were tested by including 

an interaction term between each inflammatory marker and follow-up time in a Cox 

regression model. There was no evidence that these assumptions were violated for any 

marker. For each inflammatory marker, there were two models: 1) adjusted for age, sex, 

race, and center and 2) multivariate-adjusted, which included covariates associated with 

any inflammatory marker studied and with CRC. The multivariate model for biomarkers 

at baseline included age (continuous), race (Caucasian, African American), center, 
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education level (less than high school, high school, more than high school), BMI (less than 

25, 25-29.9, and ≥30 kg/m2), aspirin use (yes/no), smoking status (never, former, current), 

pack-years of smoking (continuous), gender-HRT (men, women never taking HRT, and 

women who were former or current HRT users), and diabetes (yes/no) measured at 

baseline. Additional variables that were tested for confounding but were not included in 

the final models were alcohol intake, sport index, consumption of red meat, dietary fiber, 

calcium, LDL and HDL cholesterol, and family history of CRC. The multivariate model 

for the analysis of CRP included baseline variables: race, center, and education level and 

variables collected at Visit 4: age, gender-HRT, BMI, smoking status, aspirin and 

diabetes. For this analysis, variables measured in 1994-96 – history of 

sigmoidoscopy/colonoscopy, test for blood in the stool, history of polyps, and history of 

non-cancerous tumors in the colon or rectum—were also tested as potential confounders. 

Since none of these variables nor dietary factors materially changed the association 

between CRP and CRC risk, they were not included in the final multivariate model. 

Because information on acute inflammatory diseases was not collected, in order to 

exclude acute inflammatory response, we repeated the main analysis after excluding 

people with CRP values > 10 mg/L (N=767). Additionally, participants were categorized 

into three CRP groups according to the cutoff points proposed in clinical guidelines for 

cardiovascular disease: less than 1, 1 to 3, and greater than 3 mg/L 107. We also calculated 

HRs and 95%CI separately for colon and rectal cancer for each biomarker associated 

with CRC risk. We tested statistically if observed associations varied across race, sex, 

smoking status, BMI, or aspirin use by introduction of cross-product interaction terms 

into a multivariate model for each biomarker associated with CRC. Since the p-values for 
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all interaction terms were greater than 0.2, we assumed that there were no interactions. 

Finally, we conducted sensitivity analyses by excluding CRC cases that occurred within 

1, 2, and 5 years of follow-up, in order to exclude the potential influence of subclinical 

CRC on the levels of biomarkers. 

All analyses were conducted using SAS (SAS Institute, Inc., Cary, NC) (version 

9.2). All tests were two-sided.  

C2.g. Results  

At baseline, the mean age of the cohort was 53.9 years, 26% were African 

American (74% Caucasian) and 54% were women. During 230,509 person-years of 

follow-up (mean follow-up 17.2 y) from 1987 through 2006, there were 308 incident 

CRC cases (232 colon and 78 rectal) in 13,414 people at risk. The crude incidence CRC 

rate was 1.3 per 1000 person-years (PY) of follow-up.  

CRP was measured at Visit 4 in 1996-98. The mean age of the cohort at Visit 4 was 

62.6 years, 23% were African American and 54% were women. There were 166 incident 

cases of CRC (133 colon and 35 rectal) in 9,836 people followed from Visit 4 through 

2006 (over 87,585 PYs of follow-up with mean of 8.9 y). 

Incidence rates of CRC adjusted for age, sex, race, and study center in 1987-2006 

are presented in Table 2-4. Rates of CRC were higher among older people, men, African 

Americans, and those who had higher BMI, lower education, and a history of diabetes. 

CRC rates were also higher among current smokers, current alcohol users, and those who 

did not use aspirin or HRT. There was no specific direction of CRC rates across quartiles 

of LDL or HDL cholesterol levels (not presented here).  
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Incidence rates of CRC in 1996-2006 were lower in those who in 1994-96 had ever 

had a sigmoidoscopy or colonoscopy (34% of the cohort at Visit 4 had this test), a test for 

blood in stool (55% of the cohort), or had polyps or non-cancerous tumors removed (9% 

of the cohort) (Table 2-5).  

Baseline inflammatory markers were interrelated: factor VIII with VWF (Pearson 

r=0.71); fibrinogen with factor VIII or VWF (r=0.25 and 0.28); albumin with factor VIII 

(r=-0.19) or VWF (r=-0.16) or fibrinogen (r=-0.21); and WBC with fibrinogen (r=0.27). 

As shown in Table 2-6, inflammation Z-score increased with a greater age, BMI, LDL 

cholesterol, and percentages of women, African Americans, current smokers, aspirin 

users, and diabetics. The Z-score was inversely associated with sport index, current 

alcohol and HRT use, HDL cholesterol, and education beyond high school. Age, 

education, BMI, diabetes, and sport index were distributed in a similar way across all 

biomarkers at baseline (inverse directions for albumin). However, several covariates were 

distributed differently across the biomarkers: the percentage of alcohol users and 

Caucasians increased and percentage of women decreased with greater WBC count 

(Additional tables, Table 2-11). Factor VIII was inversely associated with smoking, and 

albumin was inversely associated with HRT use and HDL cholesterol and positively with 

LDL cholesterol (Additional tables, Table 2-12, Table 2-13).There was no consistency in 

the patterns of aspirin use across levels of biomarkers.  

Similar to the Z-score, the percentage of African Americans and females increased 

with increasing CRP (Table 2-7). CRP was positively associated with BMI, smoking, and 

diabetes, and inversely associated with sport index and alcohol intake. The percentage of 
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HRT users increased with increasing CRP. Mean age was similar across CRP quartiles, 

and there were no clear relations of CRP with HDL or LDL cholesterol. 

HRs of CRC were slightly increased for the highest versus lowest quartile of 

fibrinogen, VWF, factor VIII, and WBC (Table 2-8). However, only the association 

between fibrinogen and CRC incidence was statistically significant: multivariate-adjusted 

HR =1.50 (95%CI, 1.05; 2.15) for the highest versus lowest quartile (p-trend=0.03). The 

HR of colon cancer was 1.75 (95%CI, 1.16; 2.63) for the highest versus lowest quartile of 

fibrinogen (p-trend=0.005), but there was no association with rectal cancer risk (Table 

2-9). 

There was a positive association of the inflammation Z-score with CRC risk: 

HR=1.65 (95%CI, 1.15; 2.35) for the highest versus lowest quartile (p-trend=0.01) (Table 

2-8). The association with Z-score was stronger for colon cancer: the HR for the highest 

versus lowest quartile was 2.18 (95%CI, 1.43; 3.31) (p-trend=0.0003). There was no 

association with rectal cancer (Table 2-9). To examine if the association between 

inflammation Z-score and CRC risk was driven by fibrinogen, a new inflammation score 

was created which summed up Z-scores for logarithm of WBC count, VWF, factor VIII 

and subtracted the Z-score for albumin (fibrinogen was not included). The HR of CRC 

was also increased for the new Z-score: 1.52 (95%CI, 1.08; 2.15) for the highest versus 

lowest quartile (p-trend=0.04).  

After excluding CRC cases within 1, 2, or 5 years of follow-up, positive 

associations of fibrinogen and the inflammation Z-score with CRC incidence remained 

statistically significant. For instance, after excluding CRCs within 5 years of follow-up, 
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HRs for the highest versus lowest quartile were 1.67 (95%CI, 1.13; 2.45) (p-trend=0.01) 

for the Z-score and 1.65 (95%CI, 1.11; 2.46) (p-trend=0.01) for fibrinogen. 

CRP was positively associated with CRC risk: in the multivariate adjusted model: 

HR=1.97 (95%CI, 1.13; 3.43) for the highest versus lowest quartile (p-trend=0.02) (Table 

2-10). The multivariate-adjusted HR of colon cancer incidence was slightly higher: 2.06 

(95%CI, 1.12; 3.79) for the highest versus lowest CRP quartile (p-trend=0.02). No 

association of CRP with rectal cancer was observed, but the number of rectal cancers was 

low (N=35) (Table 2-10).  

When CRP was presented as standard categories, the statistically significant 

association remained: compared to CRP<1 mg/L, HRs were 1.43 (95%CI, 0.86; 2.38) for 

1-3 mg/L and 1.76 (95%CI, 1.05; 2.93) for CRP>3 mg/L (p-trend=0.03). 

Exclusion of people with CRP values > 10 mg/L (N=767), i.e., those with potential 

acute inflammatory responses, yielded similar results: HR=1.99 (95%CI, 1.10; 3.60) for 

the highest versus lowest CRP quartile (p=0.02). After excluding cancer cases within 1, 

2, or 5 years after the Visit 4 examination, the HRs for the highest versus lowest CRP 

quartile were 2.04 (95%CI, 1.13; 3.70) (p-trend=0.02), 1.77 (95%CI, 1.01; 3.09) (p-

trend=0.05), and 2.12 (95%CI, 0.88; 5.11) (p-trend=0.33), respectively.  

 

C3.  Discussion 

In this prospective study, there were statistically significantly increased hazard 

ratios of CRC in relation to fibrinogen level (50% greater for the highest than for the 

lowest quartile, p-trend=0.03), an inflammation Z-score (65% greater for the highest than 

for the lowest quartile, p-trend=0.01) and CRP (97% greater for the highest than for the 
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lowest quartile, p-trend=0.02). These associations were limited to colon cancer, with no 

associations observed for rectal cancer. An inflammation Z-score without fibrinogen was 

also positively associated with CRC risk (51% greater for the highest than for the lowest 

quartile, p-trend=0.04), although no association was detected for any individual marker. 

Thus, a combination of several inflammatory markers may be a better indicator of 

inflammatory processes associated with CRC risk than individual markers. Recently, 

several studies showed that an increased inflammation score including albumin and CRP 

(Glasgow prognostic score) predicts poorer survival of CRC patients 65,66,118. To the best 

of our knowledge, our study is the first to examine an inflammation score in relation to 

CRC incidence. The fact, that we found positive associations of CRP, fibrinogen and 

inflammation Z-scores with CRC risk, supports the hypothesis that low-grade 

inflammation, reflected by acute-phase reactants measured before cancer diagnosis, plays 

a role in CRC development. This is supported by the fact that these positive associations 

persisted after excluding CRC cases with 1, 2 and 5 years of follow-up, i.e. after 

excluding the potential influence of preclinical CRC. Thus, it is unlikely that undiagnosed 

CRC affected concentrations of inflammatory markers.  

The epidemiological evidence for acute-phase reactants in relation to CRC risk is 

sparse and inconsistent. Two studies reported positive statistically significant associations 

between WBC and incident CRC 21,24: HRs were 1.15-1.24 for the upper versus the 

lowest WBC quartile, which are slightly higher than HR=1.13 observed in our cohort. 

Two other studies had contradictory findings on albumin concentrations in relation to 

CRC incidence: Knekt et al [2000] observed an elevated risk of distal colon cancer 

related to high serum albumin concentrations and no associations for proximal colon or 
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rectal cancer 68, whereas Ko et al [1994] reported an inverse relationship between serum 

concentration of albumin and colon cancer risk (p-trend=0.02) with similar inverse 

associations for proximal and distal colon sites 62. To our knowledge, no studies 

examined associations of incident CRC in relation to fibrinogen, VWF, or factor VIII. A 

large meta-analysis of prospective studies reported a positive association of fibrinogen 

with mortality from CRC: HR=1.71 (95%CI, 1.30; 2.25) per 1 g/L increment in 

fibrinogen 73. 

Overall, previous epidemiological data on CRP and CRC risk are contradictory. Our 

results for CRP are in agreement with the findings of four nested case-control studies 18-

20,22. Three among them reported OR=1.6-2.9 of CRC for the highest versus the lowest 

CRP quartile 18,19,22, and the remaining study reported OR=1.44 (95%CI, 1.03; 2.02) per 

1 unit of log CRP 20. In our cohort, the HR of CRC per 1 unit of log-transformed CRP 

was 1.26 (95%CI, 1.06; 1.49). Similar to our study, Erlinger et al [2004] observed a 

stronger association of CRP with colon cancer and no association with rectal cancer 18. A 

prospective study from the Netherlands reported no association of CRP with total CRC 

risk, but a positive association for non-sigmoid colon cancer: RR= 1.48 (95%CI, 1.14; 

1.94) per 1 standard deviation (SD) of CRP 46. In contrast, three studies – the Japan 

Collaborative Cohort Study, the European Prospective Investigation into Cancer and 

Nutrition in Greece, and the Women's Health Study did not find statistically significant 

associations between CRP concentration and incident CRC 47-49. In the Women's Health 

Study, there was an indication of an inverse CRP – CRC association 49. The Women's 

Health Study could be different from other studies in a number of ways because it 

included only female health professionals who participated in a clinical trial of low 
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aspirin and vitamin E and used HRT more frequently than populations in other studies. 

Two meta-analyses of prospective studies of CRP and risk of CRC were published in 

2008 51,52. Both reported a slightly increased risk of CRC in relation to CRP: HR=1.09 

(95% CI, 0.98; 1.21) and 1.12 (95% CI, 1.01; 1.25) per one unit in log-transformed high-

sensitivity CRP in Heikkila et al [2008]51 and Tsilidis et al [2008]52, respectively. The 

analysis by Tsilidis et al [2008] reported slightly increased risk of colon cancer and no 

risk of rectal cancer in relation to greater CRP52, which is in line with our results. 

Heikkila et al [2008] indicated that the “results of some studies were inconsistent”, with 

relatively high heterogeneity among the effect estimates as reflected by I2 = 50.2. They 

concluded that there was a need for large prospective studies specifically designed to 

investigate the relationship between CRP concentration and CRC risk 51. Recently, a 

Danish prospective cohort reported an increased multivariate-adjusted hazard ratio of 

incident CRC for the highest versus lowest quintile of CRP: 1.7 (95% CI, 0.8; 3.2) (p-

trend = 0.33), but the number of CRC cases was small (N=93) 23. There is no clear 

explanation for the different findings among studies but some reasons may include 

different study populations and insufficient adjustment for confounding factors such as 

obesity, smoking, use of NSAIDs, or diabetes.  

There are several lines of evidence showing that colonic inflammation plays a role 

in colorectal carcinogenesis. Laboratory animal studies indicate that inflammation 

promotes the conversion of colonic adenoma cells to adenocarcinoma cells 119. In humans, 

the normal colon mucosa is believed to be in a constant state of low-grade inflammation 

caused by microbial flora 28,120. The intestinal flora may trigger the NF-κB pathway in 

macrophages to secret chemokines, interleukins and other inflammatory cytokines; 
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release cyclooxygenase (COX) and prostaglandin; and generate reactive oxygen and 

nitrogen species (ROS and RNS). Colonic inflammation is also characterized by reduced 

oxidative defense. Taken together, these factors can cause mutations and damage to 

epithelial cells in the intestines that result in the exposure of underlying cell layer 120 and 

lead to CRC 2. 

Further evidence supporting the role of inflammation in the CRC development 

comes from the following facts: constitutive expression of NF-κB has been identified in 

colorectal carcinogenesis 121; ROS have been shown to be expressed in colon tissues, and 

a polymorphism (Ala9Val) related to decreased defense capacity against ROS has been 

associated with increased CRC risk 27. Genetic polymorphisms of COX-2 24,27, and 

several genetic polymorphisms in inflammatory cytokine genes have been associated with 

an increased risk of colorectal adenomas or CRC 30,31,58. An increased CRC risk in 

patients with inflammatory bowel disease (the risk strongly increases with the extent and 

duration of disease) 6,7,14,28 and protective effects of long-term use of aspirin and other 

NSAIDs for CRC development in observational studies and randomized trials 10-12,14,15 

strongly support the hypothesis of a link between inflammation and CRC development.  

If the induction hypothesis is true, i.e. inflammation leads to CRC, acute phase 

reactants measured before CRC diagnosis may play several roles in the process. First, any 

association between acute-phase reactants and CRC incidence may be causal, i.e. acute-

phase reactants themselves may increase the CRC risk most likely by perpetuating 

inflammation. For instance, in mice, fibrinogen (its αMβ2
 binding motif) has been shown 

to cause local inflammatory processes (secretion of interleukin-6) and epithelial 

alterations that result in epithelial hyperplasia and secondary transformation events 



 

 46

leading to colitis-associated colon cancer 81. Further, WBCs produce oxygen metabolites 

that can cause DNA damage in mammalian cells 36, and CRP activates endothelial cells, 

monocytes and smooth muscle cells, and induces the NF-κB pathway, causing colon 

inflammation, which may lead to CRC 41,44.   

Alternatively, an association between acute-phase reactants and CRC incidence 

may be non-causal with acute-phase reactants simply being indicators of low-grade 

colonic inflammation. Another non-causal explanation could be that acute-phase 

reactants reflect systemic inflammation that secondarily results in the local colonic 

inflammation: circulating proinflammatory mediators increase gut permeability and 

exposure to luminal antigens, which induces a local immune response leading to mucosal 

inflammation in the colon 122.  

Gene-association studies are inconsistent about whether an association between 

CRP, specifically, and CRC risk is causal. Allin et al [2010] found that genetic variants in 

the CRP gene were associated with increased plasma CRP but not with CRC risk 57. In 

contrast, the prospective CLUE II cohort study detected a statistically significant positive 

association of two CRP haplotypes and two individual SNPs with CRC risk 58. The 

results of gene-association studies need to be replicated in large studies with power to 

confirm or reject a weak association. 

It is not possible from the present study to determine whether acute phase reactants 

are actively involved in the carcinogenic process or are merely bystanders. In either case, 

the positive associations of these biomarkers with subsequent CRC risk may help predict 

cancer risk in the future even if the mechanisms underlying these associations are 

unclear. 
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Our study has several important strengths: prospective design, large sample size, 

long follow-up with a high participation rate, detailed information on potential 

confounding variables, and accurate measurement of several acute-phase reactants. The 

ARIC study used standardized validated protocols in four centers. Availability of data on 

five acute-phase reactants – non-specific markers of systemic inflammation at Visit 1– 

allowed us not only to study the association for each individual marker but also to create 

an inflammation score which is more likely to be an indicator of inflammatory process 

than each marker individually.  

However, there are important limitations. ARIC was not designed for cancer 

research. Information about some cancer risk factors and cancer screening became 

available only 7-8 years after baseline. Although we adjusted for many confounders, as in 

any observational study, we cannot exclude residual confounding, for instance by dietary 

factors, which are difficult to measure and adjust for 51. Further, there was likely 

incomplete ascertainment of cancer cases in the Mississippi cohort. However, these 

missing cases are unlikely to be associated with inflammatory markers, and, therefore, 

should not result in significant bias. In addition, data on cancer stage or CRC subsites 

were not uniformly available from the registries.   

Another potential limitation is that there were only 166 CRC for the CRP analysis, 

so there was limited power to examine associations between CRP and CRC risk across 

different subgroups. Further, CRP was measured in 10 years after blood collection. 

However, CRP is considered stable at -70 degrees C, and even if slight degradation 

occurred, misclassification of CRP should not be associated with a CRC status. Further 

misclassification could arise from using single measurements of inflammatory markers, 
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which most likely results in underestimation of hazard ratios, although the reliability 

coefficients based on repeated testing of individuals over 1-2 weeks were high for 

baseline markers in ARIC (see Methods). Most studies reported reliability coefficients for 

CRP of at least 0.6 20,123.  

Another concern is that our markers reflect not only chronic but also acute phase 

response. To address this issue, we excluded participants with CRP>10 mg/L (mild and 

acute inflammation) 124 and obtained similar associations of CRP with CRC risk. Finally, 

we chose those inflammatory markers that were available in the ARIC study; they are 

non-specific markers of inflammation. It is impossible to distinguish whether elevated 

levels of those biomarkers are associated with CRC risk only through inflammation or 

because of some other functions such as procoagulant properties of fibrinogen or 

endothelial dysfunction of VWF125. However, since two individual inflammatory markers 

and two combinations of markers (two Z-scores) were associated with CRC risk, this 

argues for a more general role of inflammation. 

In conclusion, fibrinogen, CRP and inflammation Z-score were associated with 

CRC risk in this prospective cohort after adjustment for other CRC risk factors. These 

biomarkers either reflect inflammation, localized in the colorectum or generalized 

inflammation, or they may also contribute to stimulating inflammation. This offers 

further evidence that inflammation plays a role in colorectal carcinogenesis. 

Inflammation is a potentially modifiable risk factor, so interventions decreasing 

inflammation (such as aspirin and other NSAIDs) may reduce the CRC risk. 
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Table 2-4. Incidence rates of colorectal cancer (CRC) (1987-2006) adjusted for age, gender, race, 
and center in relation to selected characteristics at Visit 1, ARIC 
 

  Number of participants (N =13,414)  
Characteristic at Visit 1 
(1987-89) 

CRC Cases 
(N=308) 

Person-years  
(PY)  

 

Incidence rate per 1,000 
PY, (95%CI) 

Age * 
45-49 
50-54 
55-59 
60-64 

 
  47 
  85 
  89 
  87 

 
  66,489 
  62,102 
  54,886 
  47,033 

 
0.69 (0.52; 0.92) 
1.34 (1.08; 1.66) 
1.60 (1.29; 1.97) 
1.83 (1.48; 2.26) 

Gender** 
Male   
Female   

 
160 
148 

 
128,428 
102,080 

 
1.48 (1.26; 1.74) 
1.09 (0.92; 1.29) 

Race*** 
Black   
White   

 
  92 
216 

 
  58,611 
171,897 

 
1.58 (1.29; 1.94) 
1.17 (1.01; 1.34) 

 BMI,  kg/m2 
    ≤24.99 
    25-29.99  
    ≥30  

 
  84 
119 
105  

 
75,943 
91,949 
62,337 

 
 1.11 (0.89; 1.37) 
1.17 (0.97; 1.41) 
1.57 (1.29; 1.92) 

Diabetes 
   No 
   Yes 

 
262 
46 

 
  23,549 
  20,905 

 
1.21 (1.15; 1.28) 
1.64 (1.44; 1.88) 

Aspirin 
   No 
   Yes 

 
173 
131       

 
122,899 
105,668 

 
1.29 (1.20; 1.39) 
1.21 (1.12; 1.31) 

Education 
< High school   
   High school 

   > High school     

 
  85 
  97 
126  

 
  50,801 
  75,423 
103,944 

 
1.36 (1.07; 1.72) 
1.30 (1.06; 1.59) 
1.18 (0.99; 1.41) 

Smoking 
     Never  
     Former 
     Current  

 
133  
  98  
  77 

 
  99,817 
  75,136 
   55,422 

 
1.18 (0.99; 1.41)  
1.30 (1.06; 1.59) 
1.36 (1.07; 1.72) 

Alcohol 
     Never  
     Former 
     Current 

 
  77  
  56  
173  

 
58,336 
41,320 

129,861 

 
1.18 (0.92; 1.52)  
1.18 (0.90; 1.55) 
1.31 (0.11; 1.53) 

HRT (in women) 
   Never 
   Ever  

 
  99 
  48 

 
  81,948 
  41,947 

 
1.15 (1.06; 1.26)  
1.10 (0.99; 1.23) 

 
* Adjusted for race, gender, and center. 

  ** Adjusted for age (continuous), race and center. 
***Adjusted for age (continuous), and gender. 
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Table 2-5. Incidence rates of colorectal cancer (CRC) (1996-2006) adjusted for age, gender, race, 
and center in relation to selected characteristics in 1994-96, ARIC 
 

  Number of participants (N =9.836)  
Characteristic 
in 1994-96 

CRC Cases 
(N=166) 

Person-years  
(PY)  

Incidence rate  per 
1,000 PY, (95%CI) 

Polyp or tumor removed 
Never 

   Ever 

 
160 
   6 

 
78,836 
8,030 

 
1.91 (1.79 2.04) 
0.67 (0.48 0.93) 

Sigmoidoscopy or 
colonoscopy 

Never 
   Ever 

 
 

127 
 39 

 
 

56,863 
29,614 

 
 
2.10 (1.95; 2.27) 
1.22 (1.07; 1.39) 

A test for blood in stool 
Never 

   Ever 

 
96 
69 

 
38,607 
47,974 

 
1.91 (1.79; 2.04) 
0.67 (0.48; 0.93) 

 
 

 

Table 2-6. Mean value or prevalence of characteristics across inflammation Z-score quartiles in 
13,414 participants free of cancer, at Visit 1 (1987-89), ARIC 
 

Z-score quartiles Characteristics 

Mean or prevalence (%) < –2.12  –2.12-(–)0.32 –0.31-1.72 ≥1.73 

Age (y)  52.6 53.6 54.5 55.0 
Race (% White) 80.8 78.1 75.2 61.9 
Sex ( % Female) 48.4 54.1 56.4 61.4 
BMI (kg/m2)  26.1 27.0 28.0 29.8 
Sport index 2.6 2.5 2.4 2.3 
>High school education, (%) 51.9 47.4 42.7 36.5 
Current smoker, (%) 13.9 21.5 29.3 35.2 
Current alcohol intake, (%) 64.5 59.2 54.8 47.0 
Aspirin, recent use (%) 45.2 46.8 46.3 47.0 
Current HRT, (% in women) 22.8 27.3 26.3 23.6 
Diabetes (%) 5.0 7.2 10.7 20.5 
HDL (mg/dL) 54.5 53.1 50.4 49.0 
LDL (mg/dL) 136 137 139 139 
Fibrinogen (mg/dL) 256 282 308 357 
WBC count* (×109 cells/L) 5.7 5.8 5.8 6.0 
VWF (%) 81 102 122 162 
Factor VIII (%) 101 119 135 167 
Albumin (g/dL) 4.05 3.92 3.84 3.70 

 
*Geometric means are presented for WBC. 
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Table 2-7. Mean value or prevalence of characteristics across quartiles of C-reactive protein 
(CRP) in 9.836 participants free of cancer at Visit 4 (1996-98), ARIC  
 

CRP (mg/L) quartiles  

Characteristics 

 Mean or frequency (%) 

<1.1 

N=2,454 

1.1-2.4 

N=2,460 

2.5-5.6 

N=2,461 

>5.6 

N=2,461 

Age (y)  62.5 62.8 62.7 62.4 
Race (% Caucasian)  82.7 86.0 80.7 75.4 
Sex ( % Female)  42.5 48.5 60.7 70.0 
BMI (kg/m2)  26.1 28.3 29.7 31.5 
Sport index† 2.7 2.6 2.5 2.4 
>High school education, (%) 53.7 48.8 44.7 41.7 
Current smokers, (%) 11.2 13.6 15.2 18.7 
Current alcohol intake, (%) 54.1 53.7 48.4 41.4 
Aspirin, recent use (%) 52.9 54.7 57.9 61.7 
Diabetes (%) 10.4 14.0 19.3 24.6 
Current HRT, (% of women)  29.3 34.6 42.5 51.0 
HDL (mg/dL)  52.3 49.0 48.9 49.8 
LDL (mg/dL)  121 124 123 122 

 
† Data were collected at Visit 3 (1993-95).
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Table 2-8. Hazard ratios (HR) of colorectal cancer (CRC) in relation to inflammatory markers 
and inflammation Z-score at Visit 1 in ARIC, 1987-2006 
 

Inflammatory marker 
(quartiles) 

Number 
of CRC 

Person-
years 

HR (95%CI), 
adjusted  for age, 
race, sex, and center 

HR (95%CI), 
multivariate-
adjusted* 

Fibrinogen (mg/dL)     
≤259 58 60,556 reference reference 
260-294 75 59,613 1.27 (0.90; 1.79)  1.30 (0.91; 1.85) 
295-336 90 56,962 1.55 (1.11; 2.16) 1.50 (1.06; 2.13) 
≥337 85 53,378 1.55 (1.10; 2.18) 1.50 (1.05; 2.15) 
p-trend   0.001 0.03 
VWF (%)     
≤83 61 60,013 reference reference 
84-109 85 58,827 1.33 (0.95; 1.84) 1.30 (0.93;  1.84) 
110-142 73 57,826 1.11 (0.79; 1.56) 1.07 (0.76;  1.52) 
≥143 89 53,842 1.37 (0.98; 1.92) 1.30 (0.93;  1.84) 
p-trend   0.17 0.33 
Factor VIII (%)     
≤104 66 58,721 reference reference 
105-126 83 61,355 1.13 (0.82;1.57) 1.13 (0.82;  1.58) 
127-150 71 56,076 1.03 (0.73; 1.44) 1.03 (0.73;  1.46) 
≥151 88 54,357 1.26 (0.90; 1.75) 1.17 (0.83;  1.65) 
p-trend   0.84 0.54 
WBC (×109 cells/L)     
≤4.8 79 62,251 reference reference 
4.9-5.8 65 59,428 0.89 (0.64; 1.24) 0.86 (0.61; 1.21) 
5.9-7.0 86 53,894 1.32 (0.97; 1.79) 1.26 (0.91; 1.74) 
≥7.1 78 54,935 1.21 (0.88; 1.66) 1.13 (0.79; 1.60) 
p-trend   0.07 0.20 
Albumin (g/dL)     
≤3.7 94 68,412 reference reference 
3.8 41 34,395 0.86 (0.60; 1.24) 0.89 (0.61; 1.29) 
3.8-3.9 99 68,633 1.05 (0.79; 1.39) 1.09 (0.81; 1.46) 
≥3.9 74 59,069 0.92 (0.79; 1.26) 0.94 (0.68; 1.30) 
p-trend   0.85 0.94 
Z-score     
< –2.12 58 59,810 reference reference 
2.12-(–)0.32 76 58,240 1.30 (0.92; 1.83) 1.30 (0.91; 1.84) 
–0.31-1.72 74 57,608 1.23 (0.87; 1.75) 1.19 (0.83; 1.71) 
≥1.73 100 54,851 1.73 (1.24; 2.42) 1.65 (1.15; 2.35) 
p-trend   0. 002 0.01 

 
*Adjusted for age, race, center, education, BMI, aspirin use, smoking status and pack-years of smoking, 
gender-HRT, and diabetes. 
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Table 2-9. Multivariate-adjusted hazard ratios (HR) of colon and rectal cancers in relation to 
fibrinogen and inflammation Z-score, ARIC, 1987-2006 
 

HR (95%CI), multivariate-adjusted* Inflammatory marker 
(quartiles) Colon cancer Rectal cancer 
Fibrinogen (mg/dL)   
≤259 Reference reference 
260-294 1.24 (0.82; 1.88) 1.55 (0.79; 3.03) 
295-336 1.48 (0.98; 2.22) 1.65 (0.84; 3.24) 
≥337 1.75 (1.16; 2.63) 0.89 (0.40; 1.95) 
p-trend 0.005 0.84 
Z-score   
< –2.12 Reference reference 
–2.12-(–)0.32 1.41 (0.92; 2.16) 1.14 (0.62; 2.11) 
–0.31-1.72 1.49 (0.97; 2.29) 0.70 (0.35; 1.39) 
≥1.73 2.18 (1.43; 3.31) 0.76 (0.38; 1.53)   
p-trend 0. 0003 0.25 

 
*Adjusted for age, race, center, education, BMI, aspirin use, smoking status and pack-years of smoking, 
diabetes, and gender-HRT at Visit I. 
 
 
 
Table 2-10.  Hazard ratios (HR) of colorectal cancer (CRC) in relation to C-reactive protein 
(CRP), ARIC, 1996-2006 
 

CRP quartiles 
(mg/L) 

Number 
of 

cancers 

Person-
years 

HR (95%CI), 
Adjusted  for age, 
race, sex, and center 

HR (95%CI), 
multivariate-
adjusted* 

CRC 
<1.09 28 22,232 reference reference 
1.09-2.44 45 22,078 1.62 (1.01; 2.60) 1.53 (0.90; 2.60) 
2.44-5.64 49 21,836 1.83 (1.15; 2.93) 1.84 (1.08; 3.13) 
>5.64 29 14,799 1.70 (1.04; 2.76) 1.97 (1.13; 3.43) 
p-trend   0.03 0.02 

Colon cancer 
<1.09 22 22,128 reference reference 
1.09-2.44 36 22,001 1.67 (0.98; 2.84) 1.48 (0.83; 2.65) 
2.44-5.64 38 21,717 1.85 (1.09; 3.15) 1.78 (0.99; 3.20)  
>5.64 37 21,328 1.90 (1.11; 3.26) 2.06 (1.12; 3.78)  
p-trend   0.02 0.02 

Rectal cancer 
<1.09 7 22,297 reference reference 
1.09-2.44 10 22,208 1.39(0.53; 3.65) 1.67 (0.54; 5.20)  
2.44-5.64 11 21,960 1.52 (0.58; 3.95) 1.78 (0.56; 5.71)  
>5.64 7 21,560 0.95 (0.33; 2.77) 1.37 (0.38; 4.92) 
   0.98 0.63 

 
*Adjusted for age, race, center, education, BMI, aspirin use, smoking status, gender-HRT, and diabetes.
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ADDITIONAL TABLES 
  
Table 2-11. Mean value or prevalence of characteristics across quartiles of fibrinogen and white blood cell (WBC) count in 13,414 participants, at 
Visit 1 (1987-89), ARIC 
 

Fibrinogen (mg/dL) quartiles  WBC count (×109 cells/L) quartiles   

Characteristics 

Mean or prevalence (%) 

≤259 

N=3,440 

260-294 

N=3,435 

295-336 

N=3,342 

≥337 

N=3,197 

≤4.8  

N=3,554 

4.9-5.8 

N=3,413 

5.9-7.0 

N=3,155 

≥7.1 

N=3,292 

Age (y)  52.9  53.7  54.5  54.7  53.8 53.9  54.2 53.8 
Race (% Caucasian) 80.7 78.2  73.0  63.3 62.0 75.2 79.7 80.3 
Sex ( % Female) 49.4 52.8 57.5 62.1 57.1 52.3 50.1 47.1 
BMI (kg/m2)  26.3  27.2  28.0  29.5  27.0 27.7  28.2   28.1 
Sport index 2.6  2.5 2.5  2.3  2.5 2.5 2.4 2.4 
>High school education, (%) 51.6 47.4 41.7 37.3 46.2 45.9 44.3 42.0 
Current smokers, (%) 14.7 21.9 29.1 35.6 10.1 15.9 24.6 50.9 
Current alcohol intake, (%) 63.4 60.2 54.1 47.2 51.0 57.6 57.1 60.3 
Aspirin, recent use (%) 47.5 46.0 45.6 46.2 42.5 46.3 47.4 49.5 
Diabetes (%)  6.9 9.0 11.5 16.3  7.6 8.6 12.4 15.2 
Current HRT, (% in females) 27.6 21.1 17.6 12.3 20.9 18.7 18.6 18.9 
HDL (mg/dL) 54.5 52.7 50.8 48.9 59.3 56.2 53.4 51.1 
LDL (mg/dL) 130 137 141 143 136 138 138 139 
Fibrinogen (mg/dL) 232  277  314  387  282 294 304 326 
WBC count* (×109 cells/L) 5.3  5.6  6.0  6.5  4.1 5.3 6.4 8.5 
VWF (%) 104 111 119  134   115 115 117 121 
Factor VIII (%) 119 126 132 147 130 130 130 132 
Albumin (g/dL) 3.93  3.91   3.87  3.79  3.89 3.89 3.87 3.84 

 

*Geometric means are presented for WBC. 
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Table 2-12. Mean value or prevalence of characteristics across quartiles of von Willebrand factor (VWF) and Factor VIII in 13,414 participants, at 
Visit 1 (1987-89), ARIC 

VWF (%) quartiles  Factor VIII (%) quartiles   

Characteristics 

Mean or prevalence (%) 

≤83 

N=3,430 

84-109 

N=3,400 

110-142 

N=3,365 

≥143 

N=3,219 

≤104 

N=3,347 

105-126 

N=3,526 

127-150 

N=3,265 

≥151 

N=3,276 

Age (y)  52.5 53.8  54.4 55.1 52.7 53.7 54.3 54.9 
Race (% Caucasian) 80.8 79.1 74.5 60.7 83.8 79.2 73.5 59.0 
Sex ( % Female) 55.1 55.0 53.8 56.5 49.8 52.9 56.2 61.7 
BMI (kg/m2)  26.9 27.3 27.9   28.9 26.5 27.3  27.8   29.2 
Sport index 2.5 2.5 2.4 2.4 2.5 2.5 2.4 2.3 
>High school education, (%) 49.0 46.6 44.0 38.6 50.4 46.3 44.1 37.5 
Current smokers, (%) 24.5 24.6 24.9 26.0 29.5 26.3 23.0 21.0 
Current alcohol intake, (%) 62.9 59.1 55.9 47.0 65.0 59.4 53.8 46.9 
Aspirin, recent use (%) 47.9 48.0 45.2 44.0 47.5 46.8 46.5 44.5 
Diabetes (%)  5.7 8.5 11.7 17.8  4.1 7.6 11.1 21.0 
Current HRT, (% in females) 21.0 21.0 19.0 16.3 21.1 20.0 21.0 15.9 
HDL (mg/dL) 52.4 52.2 51.6 50.8 52.1 51.5 52.4 51.2 
LDL (mg/dL) 136 137 138 140 135 137 138 140 
Fibrinogen (mg/dL) 283 295 303 324 281 295 303 325 
WBC count* (×109 cells/L) 5.7 5.8 5.8 6.0 5.8 5.9 5.8 5.9 
VWF (%) 67.9 96.5 124.5 182.1 78.0 103 124 163 
Factor VIII (%) 98 120 138 168 89 115 138 181 
Albumin (g/dL) 3.91 3.90 3.87 3.82 3.92 3.90 3.87 3.80 

 

 

 
*Geometric means are presented for WBC. 
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Table 2-13. Mean value or prevalence of characteristics across albumin quartiles in 13,414 
participants, at Visit 1 (1987-89), ARIC 
 

Albumin (g/dL) quartiles  

Characteristics 

Mean or prevalence (%) 

≤3.7 

N=4,096 

3.8 

N=2,008 

3.8-3.9 

N=3,960 

>3.9 

N=3,350 

Age (y)  54.3 54.2 53.9 53.3 
Race (% Caucasian) 65.1 76.1 78.1 78.8 
Sex ( % Female) 66.6 55.5 52.4 43.9 
BMI (kg/m2)  29.1 27.7  27.2   26.7 
WHR 0.92 0.92 0.93 0.93 
Sport index 2.3 2.4 2.5 2.5 
>High school education, (%) 41.7 45.5 45.6 46.6 
Current smokers, (%) 28.2 25.7 23.7 22.3 
Current alcohol intake, (%) 49.9 56.3 58.5 61.9 
Aspirin, (%) 47.5 47.0 46.4 44.5 
Diabetes (%)  13.5 9.6 10.0 9.2 
Current HRT, (% in females) 24.5 20.8 16.4 12.9 
HDL (mg/dL) 52.3 51.6 51.1 52.0 
LDL (mg/dL) 131 136 140 144 
Fibrinogen (mg/dL) 318 300 295 288 
WBC count* (×109 cells/L) 6.0 5.8 5.8 5.7 
VWF (%) 126 116 113 110 
Factor VIII (%) 141 129 127 123 
Albumin (g/dL) 3.57 3.80 3.94 4.20 

 
*Geometric means are presented for WBC.
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Chapter 3.   NONSTEROIDAL ANTI-INFLAMMATORY DRUGS AND RISK OF 

OVARIAN AND ENDOMETRIAL CANCERS IN IOWA WOMEN’S HEALTH 

STUDY 

A.  BACKGROUND 

A1.  Introduction 

The etiology of ovarian and endometrial cancers has not been completely 

understood but it was hypothesized that inflammation may play a role in their 

development and progression 126,127. If these cancers are linked to inflammation, then 

anti-inflammatory agents could reduce the incidence of these cancers. Animal studies 

have shown a protective effect of non-steroidal anti-inflammatory drugs (NSAIDs) in 

ovarian 128 and endometrial cancers 129. The data from epidemiological studies about the 

effect of NSAIDs on endometrial cancer are scarce and on ovarian cancer are 

inconsistent.  

 

A2.  Etiology of ovarian and endometrial cancers and inflammation 

A2.a. Ovarian cancer 

Ovarian cancer is the most lethal gynecological cancer. It is diagnosed at advanced 

stage in 70% of cases. About 21,550 women were expected to be diagnosed with ovarian 

cancer and 14,600 women were expected to die of this cancer in the United States in 

2009 5.  

Inherited mutations are thought to be responsible for only 10% of ovarian cancer. 

High socio-economic status may also contribute to increased risk of the disease. Other 

risk factors include reproductive history: early menarche and late menopause, never 
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giving birth, first child after age 30, never use of oral contraceptives, use of estrogen-only 

HRT, no hysterectomy or tubal ligation 130. All of these reproductive factors may act 

through a common pathway – increasing inflammation of the ovarian epithelium 127. For 

instance, ovulation causes disruption of the ovarian epithelium by the extruded follicle, 

which is followed by inflammation and wound repair. It is characterized by elevated 

levels of inflammatory markers: TNF-α, IL-6, IL-1, prostaglandins and leukotrienes, and 

increased vascular permeability. Tubal ligation and hysterectomy without oophorectomy, 

which are inversely associated with ovarian cancer risk, reduce local inflammation, 

because both of these factors do not allow inflammatory substances to ascend through the 

lower genital tract to the upper genital tract and to the ovarian epithelium 131.  

Other evidence that supports the hypothesis that inflammation increases ovarian 

cancer risk is that talc exposure and endometriosis are associated with inflammation and 

increased ovarian cancer risk 130,131. In addition, increased levels of the inflammatory 

marker – CRP  have been shown to be associated with increased ovarian cancer risk 89. 

A2.b. Endometrial cancer 

Endometrial cancer is the most common gynecological cancer with 42,160 cases 

expected in 2009. Although many endometrial cancers are diagnosed at early stage due to 

the abnormal uterine bleeding, 7,780 women were expected to die of this cancer in 20095. 

It has been hypothesized that an imbalance in estrogen and progesterone leads to 

endometrial cancer. Modugno et al [2005] suggested that risk factors for endometrial 

cancer –unopposed estrogens, anovulation, polycystic ovary syndrome, never giving 

birth, excessive menstruation, early menarche, and late menopause – may be viewed as 

factors increasing the exposure of the endometrium to inflammation, because the 
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menstrual cycle resembles an inflammatory process and the unopposed estrogens have an 

inflammatory effect on the endometrium; whereas pregnancy, which is protective for 

endometrial cancer, decreases inflammation 126. In premenopausal women, the 

proliferative phase of the endometrium is characterized by an increase in a transcription 

factor NF-κB activity and up-regulation of cyclo-oxygenase-2 (COX-2) and 

prostaglandins, which could result in inflammation in the absence of progesterone. 

Researchers proposed that inflammation together with estrogen exposure can result in 

endometrial cancer 126.  

Other risk factors for endometrial cancer include non-smoking, alcohol use, obesity, 

sedentary life, type 2 diabetes, and hypertension. Both, obesity and type 2 diabetes 

mellitus are positively associated with inflammation, whereas smoking, which decreases 

the inflammation of endometrium through the shift of estrogen metabolism, is protective 

for endometrial cancer 126. 

 

A3.   Biological mechanisms of the NSAIDs effect on cancer   

NSAIDs are among the most common pain relief medicines in the world. Every day 

more than 35 million Americans use them to soothe headaches, arthritis symptoms, and 

other daily discomforts 59. The chemopreventive effect of NSAIDs against carcinogenesis 

is believed to be mainly explained by their inhibition of COX-1 and 2, the rate-limiting 

enzymes in the conversion of arachidonic acid to prostaglandins 132. Two different types 

of COX enzyme isoforms exist: COX-1 and COX-2. COX-1 is constitutively expressed 

in most tissues, especially in the gastrointestinal tract, where it synthesizes prostaglandins 

at low levels to maintain physiologic functions. COX-1 also activates platelets initiating 

http://www.webmd.com/migraines-headaches/default.htm
http://arthritis.webmd.com/default.htm
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the clotting process, helps control blood pressure, regulate blood flow to kidneys and 

protect stomach lining. COX-2 expression is low or negative in most tissues, except in 

the central nervous system, the kidney, and the seminal vesicles, where it is constitutively 

expressed in high levels 133-135. In response to inflammation and injury, the expression of 

COX-2 is up-regulated at the sites of inflammation. Increased production of COX-2 

results in elevated prostaglandins that may promote carcinogenesis through mutagenesis, 

increased cell proliferation and immune suppression, and may promote tumor growth and 

facilitate metastasis 136. Laboratory experiments and animal tests have shown that 

inhibiting COX-2 can prevent new cancer and can slow down the growth and prevent the 

spread of existing cancers 134-136. 

Aspirin is thought to prevent carcinogenesis through the inhibition of COX-2, but 

there is also evidence that COX-1 inhibition affects carcinogenesis. Inhibition of COX-2 

requires higher doses of aspirin than does inhibition of COX-1 137.  

There are important differences in the mechanisms of various NSAIDs: similarly to 

aspirin, older NSAIDs such as ibuprofen, sulindac and indomethacin inhibit both COX 

isoforms, whereas newer selective NSAIDs, such as celecoxib, specifically inhibit COX-

2. Of note, aspirin permanently inhibits COX1 activity in platelets and platelet 

aggregation and modifies the enzymatic activity of COX-2, whereas inhibition by other 

NSAIDs is reversible.  

NSAIDs may also exert their anti-inflammatory effect through COX-independent 

mechanisms, including direct effects on cytokines and transcription factors 138,139, 

modulation of estrogen biosynthesis through the effects on aromatization of androgens, 
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and inhibition of oxidative DNA damage due to the anti-oxidative properties of aspirin 

140-142. 

 

A4.  Regimen of the NSAIDs use and potential side effects 

The dose and duration of NSAIDs use that could prevent cancer have not been 

clearly established. Epidemiological studies of aspirin and colorectal cancer show that a 

consistent long-term use (up to 5-10 years) of a standard aspirin dose of 300 mg/day 

confers the greatest prevention. Similar chemoprevention was reported for regular users 

of non-aspirin NSAIDs. However, when regular aspirin use is discontinued, the benefit of 

having used aspirin for CRC protection disappears after 4-5 years 137,143,144. 

It is too early to recommend use of NSAIDs for chemoprevention of cancer because 

of potential side effects. Of note, only celecoxib has been approved for cancer prevention 

in patients with familial adenomatous polyposis. Aspirin and other non-selective NSAIDs 

can cause indigestion, nausea, heartburn and diarrhea, and in more serious cases, 

bleeding, ulcers, and even hemorrhagic stroke. In addition, NSAIDs can sometimes raise 

blood pressure and cause kidney dysfunction. Similar side effects have been observed for 

selective COX-2 NSAIDs, but they are less likely to cause ulcers and bleeding, although 

other NSAIDs may be associated with cardiovascular events 137. 

Thus, high-dosage and a long-term use of aspirin necessary for chemoprevention of 

cancer may cause adverse effects, with hemorrhagic bleeding and stroke being the most 

serious 137,145. For instance, for chronic aspirin users, excess bleeding occurs in 1 of 100 

persons 145, which presently makes it impossible to recommend aspirin for cancer 

prevention among healthy people. 
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A new promising approach is to use NSAIDs in combination with other agents such 

as folate, eflornithine, and calcium. Researchers detected that sulindac and eflornithine 

have a synergistic effect when given together 146. Thus, researchers expect to use lower 

doses of NSAIDs that will result in fewer side effects. The goal at first will be to use 

NSAIDs in combination with other drugs to prevent cancer in high risk groups.  

 

A5.  Association of NSAIDs with ovarian and endometrial cancer 

A5.a. NSAIDs and ovarian cancer 

In vitro studies demonstrated that NSAIDs, both aspirin and non-aspirin types, may 

potentially inhibit the tumor growth and induce apoptosis of ovarian cancer cell 

lines128,142,147. However, the data from epidemiological studies are inconsistent. More 

than ten epidemiological studies 12,140,148-162 and three meta-analyses 163-165 investigated 

associations between NSAIDs and incidence of ovarian cancer. Findings from all meta-

analyses were similar. For example, the meta-analysis by Bosetti et al [2006] presented 

pooled results from 6 case-control and 2 cohort studies 164. For the case-control studies, 

the pooled RR was 0.82 (95%CI, 0.69; 0.99) for aspirin users versus non-users. A null 

association of aspirin with ovarian cancer was reported in the analysis of the two cohort 

studies. Overall, the pooled RR for aspirin users was 0.89 (95%CI, 0.78; 1.02) compared 

to the non-users of aspirin. Of note, according to Bonovas et al [2005], summary effect 

estimates in the meta-analyses were based on sparse and heterogeneous data and 

inaccurate assessment of NSAIDs 163. A randomized controlled trial, Women’s Health 

Study, designed to study cardiovascular disease endpoints, reported that the RR of 

ovarian cancer was 0.95 (95%CI, 0.68; 1.35) in relation to aspirin use 140. However, the 
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dosage of aspirin assigned to the treatment group was small – 100 mg every other day 

during ten years, and could be insufficient for prevention of any cancer.  

Recently, five more studies have been published on the association between 

NSAIDs and ovarian cancer and the results were inconsistent. Two case-control studies 

observed inverse associations of ovarian cancer risk with NSAIDs use overall and with 

aspirin (all RRs were about 0.7) 161,162, whereas two other case-control studies reported 

no inverse relationships 152,154. An updated analysis in a large cohort study, Nurse’s 

Health Study (NHS) and Nurse’s Health Study II (NHS-II), used a longer follow-up and a 

larger number of cases than their study in 2002 151, which was included in the meta-

analyses 163-165. Their data again showed no overall association between aspirin and 

ovarian cancer risk 156. However, there was an indication of an inverse association 

between non-aspirin NSAIDs and ovarian cancer risk and between any NSAIDs and risk 

of borderline ovarian tumors. In a review of the risk factors for ovarian cancer, 

Hankinson et al [2006] summarized that there is a moderate inverse association between 

ovarian cancer and analgesic use; but data are limited and large epidemiologic studies are 

needed 130. 

A5.b. NSAIDs and endometrial cancer 

There is laboratory evidence that aspirin and non-aspirin NSAIDs suppress 

proliferation and induce apoptosis of endometrial cancer cell lines in a time- and dose-

dependent manner 129,166,167. 

To our knowledge, there have been three epidemiological studies that have 

examined effects of NSAIDs on endometrial cancer: 1 case-control 168 and 2 cohort 

studies 169,170. All of these studies reported null associations. However, Moysich et al 
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[2005] and Viswanathan et al [2008] reported inverse associations among obese 

women168,170. Viswanathan et al [2008] also observed an inverse association among never 

users of HRT 170. The authors suggested that NSAIDs decrease production of COX-2 and 

inflammatory cytokines and reduce estrogen exposure in endometrial tissue through 

decreased aromatization of androgens, and this mechanism may be especially important 

for obese women. 

If NSAIDs may prevent ovarian and/or endometrial cancer, it will be an ideal way 

for approaching these cancers since no effective screening exists 153. It will also give 

evidence that cancer inversely associated with NSAIDs use has an inflammatory etiology.
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B.  STUDY DESIGN: IOWA WOMEN’S HEALTH STUDY 

B1.  Overview 

The IWHS was initiated in 1986 to study risk factors for breast, endometrial and 

other cancers. A mailed questionnaire was sent to 98,030 randomly selected women  

between 55 and 69 years of age who had valid Iowa driver’s licenses in 1985; 41,836 

(42%) women responded and constituted the IWHS cohort. Baseline characteristics of 

non-respondents were similar to those of respondents, but non-respondents were 3 

months younger, somewhat heavier, and had slightly higher rates of all-site cancer and 

smoking-related diseases 171. 

In order to update vital status, residence, and information about risk factors, five 

follow-up questionnaires were mailed, and the response to each was high: 91% in 1987, 

90% in 1989, 83% in 1992, 79% in 1997, and 69% in 2004. The vital status of women 

who did not respond to the follow-up surveys was determined through the National Death 

Index of the National Center for Health Statistics and the State Health Registry of Iowa. 

About 99% of deaths in the cohort have been identified 172. Data from follow-up surveys 

showed that the annual emigration rate from Iowa for IWHS cohort members was less 

than 1% 171. 

 

B2.  Cancer ascertainment 

Incident cancer cases were identified through annual linkage to the State Health 

Registry of Iowa, a participant in the Surveillance, Epidemiology, and End Results 

Program (SEER). Sites were defined using ICD-O codes [International Classification of 

Diseases for Oncology, 3rd ed.] 173. In addition, SEER provided information about tumor 
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size, extent, and grade at the time of cancer diagnosis. By the end of 2006, 11,959 (29%) 

of the women had died and 7,685 women developed a first primary cancer. 

 

B3.  Exposure information  

The baseline questionnaire collected information about lifestyle behaviors, 

anthropometric and sociodemographic characteristics, including education level, smoking 

status and number of pack-years of smoking, usual alcohol intake within the last year, 

diet, multivitamin use, and physical activity level 174,175. A three-level variable for 

physical activity – low, moderate, and high – was created after participants answered two 

questions about the frequencies of moderate and vigorous physical activity. BMI 

(kilograms/meters squared) was calculated from self-reported height and current weight 

at baseline and weight at each follow-up. WHR was calculated using circumferences of 

the waist (1 inch above umbilicus) and hip (maximal protrusion) which had been 

measured by a friend with an enclosed paper tape measure 171. In addition, participants 

were asked to self-report history of cancer. 

Detailed information about women’s reproductive history was collected. At 

baseline, women were asked to report the age of first menstruation, details of each 

pregnancy (up to 10), and fertility problems. They were also asked if they had menstrual 

periods within last year and, if not, the age and the reason for period cessation: natural, 

surgical, or medical. Participants were queried whether or not they had had their uterus or 

one or both ovaries surgically removed and whether they had been diagnosed with 

endometriosis, fibroid tumors of the uterus, polycystic ovaries or other non-cancerous 
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cysts/tumors of the ovaries. In addition, they were asked about history of oral 

contraceptive and HRT use. 

Self-reported information about HRT use, diabetes mellitus, and heart disease was 

collected at baseline and at each follow-up.  

Data about aspirin and non-aspirin NSAIDs were collected in 1992. Respondents 

were asked: “How often do you take aspirin? Examples of aspirin included Bufferin, 

Anacin, enteric-coated aspirin, Ecotrin, and Excedrin: never, less than one per week, one 

per week, 2 – 5 per week, and 6+ per week.” Use of nonaspirin NSAIDs was assessed by 

asking: “How often do you take other nonsteroidal anti-inflammatory drugs or arthritis 

medicines? Examples included Ibuprofen, Advil, Nuprin, Motrin, Naprosyn, Feldene, and 

Clinoril: never, less than one per week, one per week, 2 – 5 per week, and 6+ per week.” 

Respondents were instructed to exclude acetaminophen and Tylenol use in both 

questions. The dose, past use and reasons for use of these compounds were not assessed. 

The 1992 survey also queried whether participants had been diagnosed with 

migraines, rheumatoid and osteoarthritis. Information about hysterectomy and 

oophorectomy status, weight, alcohol intake, smoking status, and family history of cancer 

was also updated in 1992. Data about hysterectomy and oophorectomy status were also 

collected in 2004. 

The IWHS was conducted under a protocol approved for human subject research by 

the University of Minnesota Institutional Review Board. The return of baseline and 

follow-up questionnaires was considered as consent.
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C.  MANUSCRIPT II – NON-STEROIDAL ANTI-INFLAMMATORY DRUGS 

AND RISK OF OVARIAN AND ENDOMETRIAL CANCERS IN THE IOWA 

WOMEN’S HEALTH STUDY. 

 
Background: Several epidemiological studies have shown inverse associations between 

use of nonsteroidal anti-inflammatory drugs (NSAIDs) and incident ovarian cancer but 

the results are inconsistent. There have been only a few studies examining possible links 

between NSAIDs and endometrial cancer risk. We investigated associations between use 

of NSAIDs and incident ovarian and endometrial cancers in a prospective cohort of about 

20,000 women aged 58 to 76 years in 1992. Participants were asked how often they used 

aspirin and non-aspirin NSAIDs. Over 15 years, 311 endometrial and 167 ovarian 

incident malignancies were identified. Multivariate-adjusted hazard ratios (HR) were 

estimated using Cox proportional regression. 

Results: Compared to women who reported no use of aspirin, the relative risks of ovarian 

cancer for those who used aspirin less than 2, 2-5 times, and 6 or more times per week 

were 0.83, 0.77 and 0.61, respectively (p-trend = 0.04). We did not observe any 

association between non-aspirin NSAIDs use and ovarian cancer risk. Neither did we find 

associations between aspirin or non-aspirin NSAIDs use and risk of endometrial cancer. 

Conclusions: Our results suggest a possible inverse association between frequency of 

aspirin use and risk of ovarian cancer. 
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C1.  Introduction 

Chronic inflammation is implicated in cancer etiology and progression 1-3. Chronic 

inflammation is characterized by production of cyclo-oxygenase (COX) and 

prostaglandins, generation of reactive oxygen species, and secretion of inflammatory 

cytokines, which may induce rapid cell division, DNA damage and mutations, and tumor 

growth 126. 

Evidence for an association between inflammation and carcinogenesis is strongest 

for colorectal cancer, but relationships with inflammation have been also shown for 

malignancies of the pancreas, kidney, bladder, stomach, and ovaries 3. The following 

evidence supports the hypothesis that inflammation increases ovarian cancer risk: 

exposure to talc and endometriosis are associated with inflammation and increased 

ovarian cancer risk 130,131; increased C-reactive protein – a biologic marker of chronic 

systemic inflammation – has been shown to be associated with increased ovarian cancer 

risk 89; and in vitro studies demonstrated that non-steroidal anti-inflammatory drugs 

(NSAIDs), both aspirin and non-aspirin types, may potentially inhibit the tumor growth 

and induce apoptosis of ovarian cancer cell lines 128,142,147. Several epidemiological 

studies (at least 10 case-control and 3 cohort studies) examined associations between 

NSAIDs and ovarian cancer risk, but their results were not consistent 12,148,149,151-162. In a 

review of the risk factors for ovarian cancer, Hankinson et al [2006] concluded that there 

is a moderate inverse association between ovarian cancer and analgesic use; but data are 

limited and more large epidemiologic studies are needed 130. 

There is also laboratory evidence that aspirin and non-aspirin NSAIDs suppress 

proliferation and induce apoptosis of endometrial cancer cell lines in a dose-dependent 



 

 70

manner 129,166,167. However, none of the three published epidemiological studies found 

associations between any NSAIDs and endometrial cancer overall 168-170. Yet, a 

statistically significant risk reduction for NSAIDs was observed among non HRT users in 

one of these studies 170 and among obese women in two of the studies 168. It is important 

to better understand the potential chemopreventive effects of NSAIDs for the two most 

common gynecological cancers – ovarian and endometrial cancers. Our goal was to 

evaluate the association between self-reported frequency of aspirin and non-aspirin 

NSAIDs use and incidence of these cancers among elderly women in the Iowa Women’s 

Health Study (IWHS), a large prospective cohort study. 

 

C2.  Materials and Methods 

C2.a. Study design 

Detailed descriptions of the IWHS cohort have been published previously 171,174,175. 

In brief, IWHS was initiated in 1986 when a baseline questionnaire was mailed to 98,030 

women aged 55 to 69 years, randomly selected from the Iowa driver’s license list. The 

41,836 women who completed the questionnaire (42.7%) constituted the cohort. 

Five follow-up questionnaires were mailed to cohort subjects to update vital status, 

residence, and exposure information; the response rates were 91% in 1987, 90% in 1989, 

83% in 1992, 79% in 1997, and 70% in 2004. Data from follow-up surveys indicated that 

the migration rate from Iowa among cohort members is <1% annually, allowing nearly 

complete follow-up for cancer incidence end points 172. The vital status of all non-

responders to follow-up questionnaires was identified by linkage with the National Death 

Index. 
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C2.b. Exposure assessment 

The current use of aspirin and non-aspirin NSAIDs in the cohort was ascertained on 

the 1992 questionnaire. Respondents were asked: “How often do you take aspirin? 

Examples of aspirin included Bufferin, Anacin, enteric-coated aspirin, Ecotrin, and 

Excedrin: never, less than one per week, one per week, 2 – 5 per week, and 6+ per week.” 

Use of non-aspirin NSAIDs was assessed by asking: “How often do you take other 

nonsteroidal anti-inflammatory drugs or arthritis medicines? Examples included 

Ibuprofen, Advil, Nuprin, Motrin, Naprosyn, Feldene, and Clinoril: never, less than one 

per week, one per week, 2 – 5 per week, and 6+ per week.” Respondents were instructed 

to exclude acetaminophen and Tylenol use in both questions. Data on dose and duration 

were not available. 

The baseline questionnaire asked standard information about lifestyle behaviors and 

sociodemographic factors, medical histories, and anthropometric factors. The participants 

reported their current weight and height, and their hip and waist circumferences measured 

by a friend, using a paper tape measure provided with the questionnaire. Detailed 

information about their reproductive history was collected: age at menarche, age at 

menopause and the reason for it, details of each pregnancy (up to 10), and whether or not 

they had had their uterus and/or one or both ovaries surgically removed (updated in 

1992). In addition, they were asked about their family history of cancer, the history of 

endometriosis, history of oral contraceptive use and duration, and history of hormone 

replacement therapy (HRT). Information about weight, alcohol intake and smoking status 

was updated in 1992, and questions about heart disease, diabetes, hypertension, and HRT 

use were asked at each follow up. The 1992 survey also queried whether participants had 
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been diagnosed with migraines, rheumatoid arthritis and/or osteoarthritis. Data about 

hysterectomy and oophorectomy status were collected at a third time in 2004. 

C2.c. Cancer ascertainment 

Ovarian and endometrial cancer cases were ascertained through the State Health 

Registry of Iowa, part of the National Cancer Institute’s Surveillance, Epidemiology, and 

End Results Program (SEER), via an annual computer match of name, maiden name, date 

of birth, address, and social security number. Primary site, morphology, extent of disease, 

and date of diagnosis were obtained for each incident cancer case from 1992 through 

2006. Only cases diagnosed within the state of Iowa were captured.  

We firstly excluded participants if they did not complete 1992 survey (n=8,819), 

then if they had cancer at baseline or were diagnosed with cancer other than skin cancer 

before 1992 (n=4,439), and if they did not complete both questions about NSAIDs 

(n=540). In addition, women with full oophorectomy and unknown oophorectomy status 

were excluded for ovarian cancer analysis (n=6,338), and women with hysterectomy and 

unknown hysterectomy status were excluded for endometrial cancer analysis (n=10,328). 

Among ovarian cancer cases, non-epithelial cancer cases were excluded (n=6); and 

among endometrial cancer cases, endometrial sarcomas and Muellerian mixed tumors 

(n=13) were excluded. 

As a result, 21,694 women were available for the ovarian cancer analysis, with 157 

epithelial ovarian cancers detected over 15 years of follow-up. For the endometrial cancer 

analysis, the cohort consisted of 17,697 women and 311 endometrial cancers. 
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C2.d. Statistical analysis 

Person-years of follow-up for endometrial and ovarian cancer cases were calculated 

as the time between 1992 to endometrial or ovarian cancer, respectively. All other 

participants were followed up to the date of death, the estimated date of emigration from 

Iowa (assigned as midpoint between the last completed questionnaire in Iowa and the 

next follow-up questionnaire completed elsewhere or non-Iowa death), or December 31, 

2006, whichever occurred first. 

We used SAS (SAS Institute Inc., Cary, NC) for analysis. Chi-square tests were 

performed to determine whether or not characteristics differed according to frequency of 

aspirin and non-aspirin NSAIDs use. Age-adjusted and multivariate-adjusted hazard 

ratios (HR) of ovarian and endometrial cancers and their 95% confidence intervals (CIs) 

were computed by proportional hazards regression (program PHREG) separately for 

aspirin and non-aspirin NSAIDs. For each exposure, women who reported using NSAIDs 

less than or equal to one time per week were combined into one group, resulting in 

categories of never (reference), less than 2 times per week, 2 – 5 times per week, and 6+ 

times per week. 

Potential covariates in a multivariate-adjusted model were tested if they were 

associated with ovarian or endometrial cancer (depending on the analysis) or NSAIDs use 

in this analysis. The final model for ovarian cancer included age, body mass index (BMI) 

(continuous), history of HRT use (yes/no), number of live births (0, 1-2, 3-4, >4), history 

of heart disease (yes/no), and partial oophorectomy (yes/no). Alcohol, physical activity, 

smoking status and pack-years of smoking, education, waist-to-hip ratio, age at 

menopause, and age at menarche, endometriosis, hysterectomy status, family history of 
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breast and/or ovarian cancer were not associated with ovarian cancer in this analysis and 

were not included. In addition, we adjusted for personal history of migraines and history 

of either rheumatoid arthritis or osteoarthritis. Since they did not markedly change the 

estimates, they were not included in the final model. In order to minimize potential 

confounding by indication, we also examined associations after excluding women who 

had reported heart disease, arthritis and migraines. 

The final model for endometrial cancer included age, BMI (less than 25, 25-29.9 

and ≥30 kg/m2), alcohol use (never/ever), age at menopause (≤44, 45-49, 50-54, ≥ 55 

years), age at menarche (≤11, 12, 13, ≥14 years), history of oral contraceptive and HRT 

use (yes/no) , history of diabetes and hypertension (yes/no). Physical activity, education, 

smoking status and pack-years, number of live births, age at first live birth, and family 

history of uterine cancer were not associated with endometrial cancer and were not 

included. In order to compare our results with Moysich et al [2005] and Viswanathan et 

al [2008] 168,170, who reported associations between NSAIDs and endometrial cancer for 

obese women, and Viswanathan et al [2008] who observed an association for never users 

of HRT 170, the analysis was repeated after stratifying by BMI categories (normal, <25 

kg/m2; overweight, 25-29.9 kg/m2; and obese, ≥30 kg/m2) and HRT use (yes/no). 

We also repeated analyses after excluding ovarian or endometrial cancer cases 

(depending on the analysis) diagnosed within two and three years after start of follow-up 

to exclude women who may have used NSAIDs more frequently to treat symptoms of 

preclinical cancer. In addition, we stratified the time of follow-up approximately at 

midpoint (1992-1999 and 2000-2006) and compared hazard risks of ovarian or 

endometrial cancer in relation to NSAIDs use in each period. Because we did not know 
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the dates of oophorectomy and hysterectomy during the follow-up, we were not able to 

censor participants at the time of their surgery. So, we conducted a sensitivity analysis 

among respondents to 2004 surveys to allow us to exclude women who reported a 

bilateral oophorectomy or hysterectomy in 2004 in the analysis of ovarian or endometrial 

cancer, respectively. Although the power was decreased, all associations were similar 

before and after exclusions. In our primary analysis, all women at risk in 1992 were 

included. 

The IWHS was approved by the University of Minnesota’s Institutional Review 

Board and return of the questionnaire was considered informed consent. 

 

C3.  Results 

The mean age of women at risk for ovarian cancer and for endometrial cancer was 

67.5 years (range 58-76 y) in 1992. Among women at risk for ovarian cancer, 72.0% ever 

used aspirin, 38.5% ever used non-aspirin NSAIDs, 28.1% used both, and 17.7% did not 

use any NSAIDs. Among aspirin users and non-users, 37.1% and 39.1% ever used non-

aspirin NSAIDs, respectively. The percentages were very similar in the cohort at risk for 

endometrial cancer, but the fraction of non-aspirin NSAIDs use (37.1%) was slightly 

smaller. Because the patterns of distribution of characteristics across aspirin and non-

aspirin NSAIDs were similar among participants at risk for ovarian and endometrial 

cancers, the prevalence of characteristics is presented for those at risk for ovarian cancer 

(Table 3-1). 

Frequent users of aspirin and non-aspirin NSAIDs were more likely to report 

history of arthritis (rheumatoid arthritis and/or osteoarthritis), migraines, and 
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cardiovascular disease. Women using non-aspirin NSAIDs more frequently were more 

likely to be obese, have history of oral contraceptive and HRT use, have had a 

hysterectomy, and were somewhat more likely to report endometriosis. These 

associations were less pronounced for aspirin users. Other risk factors for ovarian or 

endometrial cancer such as number of live births, age at first live birth, age at menopause 

and menarche, nulliparity, family history of breast, ovarian, and uterine cancers, 

education, alcohol, and smoking were not associated with frequency of aspirin or non-

aspirin NSAIDs use. 

In an age-adjusted model, there was an indication of an inverse association between 

frequency of aspirin use and incident ovarian cancer (Table 3-2). After further adjustment 

for covariates, the trend became slightly stronger and statistically significant. Compared 

with aspirin non-users, the hazard ratio of ovarian cancer for women who reported using 

aspirin less than 2 times per week, 2 – 5 times per week, or 6+ times per week were 0.83 

(95%CI, 0.56; 1.22), 0.77 (95%CI, 0.48; 1.24), and 0.61 (95%CI, 0.37; 0.99), 

respectively (p-trend=0.04). Adjustment for non-aspirin NSAIDs use did not noticeably 

change the relationship between aspirin use and ovarian cancer. After restricting analysis 

to the women without heart disease, the HR for ever users of aspirin versus no use was 

0.69 (95%CI, 0.48; 0.99) and a dose-dependent relationship persisted (not shown here). 

Inverse dose-dependent relationships (not shown here) held among those who did not 

have a history of any arthritis and among those without a history of migraines.  

The inverse relationships remained after exclusion of cases diagnosed during the 

first two and three years of follow-up. In addition, results stratified by follow-up period 
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i.e., 1992-1999 and 1999-2006 were similar to each other and to the overall period of 

study (data not shown). 

Contrary to use of aspirin, use of non-aspirin NSAIDs (Table 3-2) was not 

associated with ovarian cancer incidence. The multivariate-adjusted hazard ratios were 

0.65, 1.08, and 1.12 for women who used non-aspirin NSAIDs less than 2, 2 – 5 times, 

and 6+ times per week compared to non-users of non-aspirin NSAIDs (p=0.27). These 

results were not substantively changed when adjusted for aspirin use. 

Compared with never use of either aspirin or non-aspirin NSAIDs, use of both 

medications was inversely associated with ovarian cancer incidence (multivariate 

HR=0.65 (95%CI, 0.40; 1.07)). There was no evidence for an interaction between use of 

aspirin and non-aspirin NSAIDs (p=0.39), but power for this analysis was small. 

Table 3-3 shows the relationship between incident endometrial cancer and 

frequency of aspirin and non-aspirin NSAIDs use. Compared with non-users of aspirin, 

the multivariate-adjusted HRs for women who reported use of aspirin less than 2 times, 2 

– 5 times, and 6+ weekly were 0.78 (95%CI, 0.58; 1.04), 0.89 (95%CI, 0.63; 1.25), and 

0.85 (95%CI, 0.61; 1.18), respectively (p-trend=0.50). After stratification by BMI 

categories or history of HRT use, there were still no patterns of relationships between 

aspirin use and endometrial cancer risk in any of the categories (data not shown). 

When use of non-aspirin NSAIDs and incident endometrial cancer were examined, 

the multivariate HRs (use versus no use) were 0.86 (95%CI, 0.63; 1.18), 1.16 (95%CI, 

0.78; 1.72), and 0.85 (95%CI, 0.58; 1.22) for those who reported use of NSAIDs less than 

2, 2 – 5, and 6+ times weekly, respectively (p-trend=0.73) (Table 3-3).  
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C4.  Discussion 

In this prospective cohort of elderly women there was an inverse association 

between frequency of aspirin use and ovarian cancer risk. Adjustment for the use of non-

aspirin NSAIDs did not substantively change these results. The findings were similar 

when we excluded women diagnosed with ovarian cancer during the first two and three 

years of follow-up.  

There was no association between frequency of non-aspirin NSAIDs use and 

ovarian cancer risk. For endometrial cancer, we observed no associations between 

frequency of any NSAIDs and endometrial cancer risk, even after stratification by BMI 

categories and use of HRT.  

Our null findings for NSAIDs use and endometrial cancer, overall, are in agreement 

with previous findings form 1 case-control 168 and 2 cohort studies 169,170. However, 

Moysich et al [2005] and Viswanathan et al [2008] reported inverse associations among 

obese women 168,170, and Viswanathan et al [2008] also observed an inverse association 

among never users of HRT 170. These two studies suggested that in obese women 

NSAIDs decrease production of COX-2 and inflammatory cytokines and reduce estrogen 

exposure in endometrial tissue through decreased aromatase expression 168,170. We did not 

observe associations among never users of HRT or obese women; the latter being 

consistent with null findings among obese women in the NIH-AARP Diet and Health 

Study 169. Of note, findings from epidemiological studies of NSAIDs use and endometrial 

cancer are not consistent with in vitro studies. Laboratory experiments have found that 

both aspirin and non-aspirin NSAIDs inhibit human endometrial cancer cells in a time 

and dose-dependent manner through COX-2 dependent and COX-2 independent 



 

 79

mechanisms 129,166,167. There could be several explanations for the discrepancy between 

epidemiological and in vitro studies: 1) NSAIDs may inhibit progression rather than 

induction of endometrial cancer, 2) use of NSAIDs is irregular in epidemiological studies 

and their dosage is much smaller than in in vitro studies 156, or measurement error in 

epidemiological studies could mask a small effect. 

More than ten epidemiological studies and three meta-analyses investigated 

associations between NSAIDs use and incident ovarian cancer 140,152,154,156,161-165. 

Findings from all the meta-analyses for incident ovarian cancer in relation to aspirin use 

were similar 163-165. For example, the meta-analysis by Bosetti et al [2006] presented 

pooled results from 6 case-control and 2 cohort studies 164. In the analysis of case-control 

studies, the pooled RR was 0.82 (95%CI, 0.69; 0.99) for aspirin users versus non users. 

No association of aspirin with ovarian cancer was reported in the pooled analysis of the 

two cohort studies; overall, the pooled RR for aspirin users was 0.89 (95%CI, 0.78; 1.02) 

compared to non users of aspirin.  

A randomized controlled trial, the Women’s Health Study, designed to study 

cardiovascular disease endpoints, reported that the RR of ovarian cancer was 0.95 

(95%CI, 0.68; 1.35) in relation to aspirin use 140. However, the dosage of aspirin assigned 

to the treatment group was small – 100 mg every other day for ten years, and could be 

insufficient for prevention of cancer. It is noteworthy that the same trial reported no 

protective effect of low-dose aspirin on colorectal cancer incidence, whereas most 

observational studies, which assessed higher aspirin dosage (including IWHS cohort 

study), found inverse associations 133,164. 
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Recently, five more studies have been published on associations between NSAIDs 

use and ovarian cancer risk and the results are inconsistent. Two case-control studies 

observed inverse associations of ovarian cancer risk with NSAIDs use overall and with 

aspirin (all RRs were about 0.7) 161,162, whereas two other case-control studies reported 

no inverse relationships 152,154. An updated analysis in a large cohort study, Nurses’ 

Health Study (NHS) and Nurses’ Health Study II (NHS-II) 156, used a longer follow-up 

and a larger number of cases than their study in 2002 151 that was included in the meta-

analyses cited above 164. Their data again showed no overall association between aspirin 

and ovarian cancer risk 156. However, there was an indication of an inverse association 

between non-aspirin NSAIDs use and ovarian cancer risk and between any NSAIDs use 

and risk of borderline ovarian tumors. 

Thus, our finding of an inverse association between aspirin and ovarian cancer risk 

are in agreement with findings from the majority of case-control studies but not 

consistent with findings from the NHS-NHS-2 cohorts 156. A potential explanation is that 

our study population is different from those in these cohorts: 70% of IWHS women 

reported taking aspirin compared to 46% in the NHS cohort 151; the percentage of those 

who regularly used aspirin (more than 2 times per week) was 38% in IWHS (1992), 21% 

in NHS (1990), and 11% in NHS-2 (1989) 156. IWHS women were older (age range at the 

start of follow-up was 58-76 years in IWHS versus 30-55 years in NHS and 25-42 years 

in NHS-II). Thus, the IWHS cohort, compared to NHS-NHS-II cohort is comprised of 

older women at risk for ovarian cancer who reported higher use of aspirin. 

Our finding of an inverse association between aspirin use and incident ovarian 

cancer are consistent with positive associations between risk of ovarian cancer and 
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increased CRP – a non-specific marker of inflammation 89, and an inverse association 

between aspirin treatment and human ovarian cancer cell growth in in vitro studies. The 

mechanism of an association between aspirin and ovarian cancer may be an anti-

inflammatory effect of aspirin through inhibition of COX-1 and COX-2 128. Laboratory 

studies showed that COX-2 is expressed in human ovarian carcinoma cell lines and high 

expression of COX-2 leads to an increased production of prostaglandin E2 resulting in 

poor patient prognosis 147. Aspirin was reported to inhibit the growth of human ovarian 

tumor cells in a dose-dependent fashion 128. It is possible that aspirin also exerts its 

inhibitory effect through COX-independent mechanism such as modulation of estrogen 

synthesis, the role of aspirin as an antioxidant, or some other mechanisms 140-142,147, all of 

which may result in inhibition of angiogenesis, induction of apoptosis, and inhibition of 

oxidative DNA damage 176,177. 

We did not observe any dose-dependent relationship between frequency of non-

aspirin NSAIDs use and ovarian cancer risk. This is compatible with the results of a 

meta-analysis by Bonovas et al 163. The reason for different results between aspirin and 

non-aspirin NSAIDs in our cohort may be that the protective effect on ovarian cancer 

may be limited to aspirin and reflects differences in mechanisms between aspirin and 

non-aspirin NSAIDs. For example, non-aspirin NSAIDs reversibly inactivate COX, 

whereas aspirin inactivates COX irreversibly. Moreover, non-aspirin NSAIDs are a 

heterogeneous group of medications, each with slightly different properties – various 

half-lives and effects on COX inhibition, and may have different effect on cancer risk 163. 

In addition, use of non-aspirin NSAID use in our cohort was assessed in 1992, when most 

non-aspirin NSAIDs medications were not available over-the counter and women may 
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not have been very familiar with them and either recalled them poorly or took them only 

for a short time.   

Our study has the following limitations: information about duration, dosage, and 

reason for NSAIDs use was not collected. We also had a concern about confounding by 

indication. For instance, women with heart disease could have taken aspirin because they 

had low-grade inflammation which could be associated with ovarian cancer. To minimize 

potential confounding by indication, we examined women without heart disease and 

found an inverse statistically significant association similar to that in the main analysis. 

The inverse relationships also held among those without history of migraines or arthritis. 

Another limitation is that exposure was assessed by self-report; therefore, some 

misclassification undoubtedly occurred. In cohort studies, misclassification of exposure is 

usually not associated with the outcome, is non-differential and most likely biases toward 

the null. However, because of potential residual confounding by indication, differential 

misclassification may be present; for example, women with heart disease or arthritis 

might recall their exposure history better than women without. Moreover, in rare cases, 

non-differential misclassification of a multi-level exposure may result in bias away from 

null 178,179.  

Furthermore, the questions about NSAIDs were asked only once at the start of 

follow-up, and the exposure could have changed over time. However, after stratification 

by the time of follow up at the midpoint, the inverse relationships between aspirin use 

and ovarian cancer risk were similar in both subgroups. Finally, we did not have power to 

examine ovarian cancer by histological subtype. The strengths of our study are that the 

IWHS is a large population-based prospective cohort with practically complete follow-
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up, reliable ascertainment of cancer cases, and detailed information about cancer risk 

factors. Moreover, we were able to separately examine frequency of aspirin and non-

aspirin NSAIDs use. 

Our findings support the hypothesis that aspirin use is inversely associated with 

ovarian cancer risk, but it has no effect on endometrial cancer risk. Large cohort studies or 

clinical trials with accurate assessment of dosage and duration of NSAIDs and information 

about age at the initiation of treatment are needed.
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Table 3-1. Mean age (y) and prevalence of participant characteristics (%) by frequency of aspirin 
or non-aspirin NSAIDs use, IWHS 1992-2006 
 

  Aspirin use, 
times per week 

Non-aspirin NSAIDs use, 
times per week 

Characteristic 0 <1 2-5 6+ 0 <1 2-5 6+ 

Prevalence of use-number 
(%) 

6,084 
(28.0) 

7,353 
(33.9) 

3,838 
(17.7) 

4,419 
(20.4) 

13,342 
(61.5) 

4,027 
(18.6) 

1,689 
(7.8) 

2,636 
(12.2) 

Mean age (y) 67.6 67.2 67.4 67.8 67.6 66.9 67.2 67.5 
Age (≥65y)** 71.7 67.7 68.6 73.1 71.6 65.6 67.4 71.1 
BMI, ≥30 kg/m²** 24.8 21.2 21.8 26.5 20.3 23.7 27.0 36.1 
WHR highest tertile (≥0.87)* 34.8 29.9 32.2 37.5 32.2 32.2 33.7 39.5 
Education up to high school* 60.6 56.1 58.4 59.8 58.7 56.6 62.8 58.0 
Current smoking** 9.3 8.0 9.1 9.7 9.3 8.2 9.2 8.0 
Alcohol (ever)* 40.6 47.1 48.8 44.6 43.4 49.8 49.1 43.6 
Oral contraceptive use 
(ever)* 

19.1 20.7 20.8 18.8 17.9 22.6 22.6 24.1 

HRT use (ever) ** 35.0 33.4 38.1 41.1 32.9 38.0 43.5 46.0 
Age at menarche (≤11y)* 15.3 14.4 15.4 16.1 14.4 15.8 14.9 18.5 
Age at menopause (≥55y)*† 14.7 14.4 15.1 13.8 14.5 14.0 15.4 14.6 
Age at first live birth  
(>30y)* 

4.7 5.4 4.0 8.3 5.0 4.7 4.0 5.1 

Nulliparity* 9.5 8.6 7.4 8.2 9.4 7.2 5.7 8.3 
Hysterectomy** 20.1 17.3 20.3 21.6 17.5 20.3 23.5 26.0 
Partial oophorectomy* 10.0 9.7 10.7 10.8 9.6 9.7 12.0 12.8 
History of endometriosis 2.3 2.2 1.9 2.6 2.0 2.5 2.5 3.3 
History of heart disease** 13.1 8.2 11.5 28.0 14.2 12.1 14.3 17.5 
History of migraines** 8.8 6.9 10.5 12.4 7.6 9.8 12.3 13.5 
History of arthritis** 27.1 18.0 22.0 34.4 16.7 21.2 36.2 64.0 
History of diabetes** 9.1 6.2 6.2 11.1 7.9 7.1 8.2 10.1 
History of hypertension** 41.6 35.5 41.8 51.4 40.5 39.5 42.9 49.4 
Family history of ovarian 
and/or breast cancer* 

13.5 12.9 13.1 13.3 13.2 12.8 13.5 12.8 

Family history of uterine 
cancer* 

4.9 4.4 4.0 4.8 4.3 4.6 4.8 5.6 

 
*Reported at baseline, 1986. 
**Reported up to 1992. 
†For this analysis, women with hysterectomy and partial oophorectomy were excluded (n=3,474) 
because their age at menopause was unknown. 
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Table 3-2. Age- and multivariate-adjusted* hazard ratios (HRs) for ovarian cancer in relation to 
the use of aspirin and non-aspirin NSAIDs, IWHS 1992-2006. 
 

Frequency of 
use 

# of 
cases 

Person-
years 

Age-adjusted HR  
(95%CI) 

Multivariate-adjusted* 
HR  (95%CI) 

Aspirin 
Never  
Ever 

  51 
106 

  67,558 
179,458     

1 (reference) 
0.78 (0.56; 1.09) 

1 (reference) 
0.77 (0.54; 1.10) 

Never  
≤1 times/wk 
2-5 times/wk 
≥6 times/wk 
p-trend 

  51 
  53 
  27 
  26 

  67,558 
  86,046 
  44,158 
  49,254 

1 (reference) 
0.82 (0.56; 1.20) 
0.81 (0.51; 1.29) 
0.70 (0.44; 1.12) 
0.15 

1 (reference) 
0.83 (0.56; 1.22) 
0.77 (0.48; 1.24) 
0.61 (0.37; 0.99) 
0.04 

Non-aspirin NSAIDs 
Never  
Ever 

  99 
  58 

151,522 
  95,494       

1 (reference) 
0.93 (0.68; 1.29) 

1 (reference) 
0.89 (0.64; 1.23) 

Never 
≤1 times/wk 
2-5 times/wk 
≥6 times/wk 
p-trend 

  99 
  20 
  14 
  24 

151,522 
  46,617 
  19,397 
  29,480 

1 (reference) 
0.66 (0.41; 1.07) 
1.11 (0.63; 1.94) 
1.25 (0.80; 1.95) 
0.12 

1 (reference) 
0.65 (0.40; 1.05) 
1.08 (0.62; 1.90) 
1.12 (0.71; 1.78) 
0.27 

 
*Adjusted for age, BMI, HRT use, partial oophorectomy, number of live births, and history of 
heart disease.  
 
 
Table 3-3. Age- and multivariate-adjusted* hazard ratios (HRs) for endometrial cancer in relation 
to the use of aspirin and non-aspirin NSAIDs, IWHS 1992-2006 
 

Characteristics # of  
cases 

Person-
years 

Age-adjusted HR 
(95%CI)  

Multivariate-
adjusted* HR  
 (95%CI) 

Aspirin  
Never 
Ever  

  95 
216 

  54,322 
145,900 

1 (reference) 
0.85 (0.67; 1.08) 

1 (reference) 
0.83 (0.64; 1.06)  

Never  
≤1 time/wk   
  2-5  time/wk  
≥6 time/wk  
p-trend 

  95 
  94 
  57 
  65 

  54,322 
  71,840 
  35,285 
  38,775 

1 (reference) 
0.75 (0.57; 1.00) 
0.93 (0.67; 1.29) 
0.96 (0.70; 1.31) 
0.88 

1 (reference) 
0.78 (0.58; 1.04) 
0.89 (0.63; 1.25) 
0.85 (0.61; 1.18) 
0.50 

Non-aspirin NSAIDs 
Never 
Ever  

190 
121 

125,993 
  74,229 

1 (reference) 
1.09 (0.86; 1.36) 

1 (reference) 
0.91 (0.72; 1.16)  

Never 
≤1 time/wk   
  2-5  time/wk  
≥6 time/wk  
p-trend 

190 
  55 
  29 
  37 

125,993 
  37,429 
  14,948 
  21,852 

1 (reference) 
0.98 (0.73; 1.33) 
1.29 (0.87; 1.91) 
1.12 (0.79; 1.60) 
0.29 

1 (reference) 
0.86 (0.63; 1.18) 
1.16 (0.78; 1.72) 
0.85 (0.58; 1.22) 
0.73 

 
*Adjusted for age, BMI, age at menopause, age at menarche, history of oral contraceptive use, 
HRT use, alcohol, history of diabetes and hypertension. 
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Chapter 4.   ASSOCIATION BETWEEN PSORIASIS AND INCIDENT CANCER: 

IOWA WOMEN’S HEALTH STUDY 

A.  BACKGROUND 

A1.  What is psoriasis? 

Psoriasis is one of the most prevalent autoimmune diseases in the US occurring in 

1-3% of general population in the United States 180. Up to 7.5 million adults in the 

United States have psoriasis, and approximately 150,000 new cases occur each year. 

Psoriasis can appear at any time in life; some studies suggest that the onset is bimodal, 

with peaks in early adult life (20s) and around age of 60 181. Psoriasis is a systemic 

inflammatory disease, characterized by thick, scaly plaques that itch and bleed. Flare-

ups may happen periodically followed by periods of remission. The disease equally 

affects men and women; it is recurrent and incurable impacting health related quality of 

life in a way similar to other major medical diseases 180,182,183. There is no special 

diagnostic test for psoriasis (except skin biopsy, which is performed in less that 50% of 

cases); thus, the diagnosis is usually made clinically by a dermatologist or general 

physician based on characteristic appearance and pattern of affected area 181.  

Of several forms of psoriasis, the most common – plaque psoriasis – accounts for 

90% of all cases. It is characterized by patches of red, raised skin covered by silvery 

scales. The other forms include "inverse" (small, dry areas of skin that are red and 

inflamed but not scaling); “guttate” (small, red, individual drops or dots on the skin); 

pustular (large fluid-filled plaques; raised bumps containing pus), and "erythrodermic" 

(reddening and scaling of most of the skin) 181,184. Although psoriasis may occur 

anywhere on the body, it most commonly appears on the knees, elbows, trunk, lower 
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back, hands, feet, and scalp. About 10-30% of people with psoriasis also develop 

psoriatic arthritis, which is marked by symptoms of pain, stiffness, and swelling in and 

around the joints 181. 

The severity of psoriasis varies from person to person; for most people, psoriasis is 

a mild disease. However, approximately 25% of patients have moderate to severe 

psoriasis which requires treatment with phototherapy and/or systemic agents including 

psoralen ultraviolet A, oral retinoids, methotrexate, and/or cyclosporine. Although 

systemic medications are effective, they are toxic and carcinogenic if used for a long time 

185. Recently, promising targeted biological therapies such as anti-T-cell agents and 

inhibitors of tumor necrosis factor α (TNF-α) have been developed 185. 

Since the psoriasis is a chronic disease and because patients with psoriasis have life 

expectancy similar to those without the disease, prevalence of psoriasis increases with 

age 186. There have been few studies of psoriasis in elderly people. One of the studies 

indicated that patients older than 65 years constituted 12-25% of psoriasis patients 

observed during a 10-year period in hospitals in Slovenia and Croatia 186. Elderly patients 

suffer from the most severe forms of psoriasis (pustular and erythrodermic), and psoriasis 

in the elderly may coexist with other diseases such as hypertension, cardiovascular 

diseases, lymphoma and solid tumors 187. Furthermore, the elderly are frequently on 

medications for other health issues (e.g., medications for hypertension or non-steroidal 

anti-inflammatory drugs (NSAIDs)), which can aggravate psoriasis 186.  
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A2.  Pathophysiology of psoriasis 

The etiology of psoriasis – a chronic inflammatory immune-mediated disease is not 

entirely clear; however, evidence suggests that psoriasis is a complex disorder caused by 

the interaction of multiple genes, the immune system, and environmental factors 180. 

A2.a. Genetic Factors  

About 30% of individuals with psoriasis have an affected first degree relative 181. 

Twin studies have demonstrated that concordance rate is two to three times higher in 

monozygotic twins compared to dizygotic twins 181. The locus that has consistently been 

identified in genetic screenings of families with psoriasis is the MHC locus, on 

chromosome 6p21 (PSOR1), which explains 35-50% of the genetic contribution to 

psoriasis 181. Recently, genome-wide association studies detected a locus on chromosome 

4q27 near interleukin 2 and interleukin 21 genes, which was associated with psoriatic 

arthritis and, potentially, with psoriasis 188. This locus was shown to be related to four 

other autoimmune diseases including celiac disease, type 1 diabetes, Grave's disease, and 

rheumatoid arthritis 188. 

A2.b. Immunologic Factors  

Psoriasis is characterized by excessive growth of skin epithelial cells: epidermal 

hyper-proliferation, abnormal differentiation of epidermal keratinocytes and lymphocyte 

infiltration (predominantly, T cells) 189. The primary mediators of psoriasis pathogenesis 

are T-helper cells type 1 (Th1) 189,190. Th1-cells (CD4-positive and CD8-positive) 

infiltrate the skin lesions of psoriasis and release proinflammatory cytokines such as 

interleukins (IL-2 and IL-12), interferon-γ (IFN-γ), and TNF-α 181,189. IL-2 is the 

strongest growth factor for T-cells (mainly, cytotoxic T-cells). It activates proliferation of 

http://web.ebscohost.com.floyd.lib.umn.edu/ehost/detail?vid=2&hid=103&sid=0832f9c2-cbd0-477b-bc89-a667985476a3%40sessionmgr104&bdata=JnNpdGU9ZWhvc3QtbGl2ZQ%3d%3d#toc
http://web.ebscohost.com.floyd.lib.umn.edu/ehost/detail?vid=2&hid=103&sid=0832f9c2-cbd0-477b-bc89-a667985476a3%40sessionmgr104&bdata=JnNpdGU9ZWhvc3QtbGl2ZQ%3d%3d#toc
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natural killer cells, monocytes and macrophages and increases production of IFN-γ, TNF-

α, and IL-2 self-production 191. TNF-α is a key cytokine of the innate immune response 

that stimulates production of cytokines by T-cells and macrophages, activates and 

increases keratinocyte proliferation by inhibiting their apoptosis 192. Recently, it has been 

demonstrated that dendritic cells are also important in psoriasis development: they 

produce interferon-α (IFN- α), inhibit apoptosis and enhance hyperproliferation of 

keratinocytes. Thus, although exact mechanisms of immune response in psoriasis have 

not been elucidated, both innate and adaptive immune responses contribute to psoriasis 

development with enhanced Th1 response resulting in extended chronic inflammation 

and psoriatic plaque formation 192. 

A2.c. Environmental Factors  

The role of environmental factors in the etiology of psoriasis is not clearly defined. 

Alcohol, local trauma, infection, stress, and use of certain medications can aggravate 

psoriasis. Alcohol has been positively associated with severity of psoriasis and treatment 

failures 193. It was also observed that patients with psoriasis were more likely to smoke 

and be overweight compared to those without psoriasis 192,194-196. Recently, relations of 

smoking and obesity with risk of psoriasis were investigated in a large prospective 

cohort, the Nurses’ Health Study II, and positive associations with both of these risk 

factors were detected 197,198. It was also indicated that multiple measures of adiposity, 

such as body mass index (BMI), waist and hip circumference, waist to hip ratio (WHR), 

and weight gain since the age of 18 years were associated with the increased risk of 

incident psoriasis. 

 

http://web.ebscohost.com.floyd.lib.umn.edu/ehost/detail?vid=2&hid=103&sid=0832f9c2-cbd0-477b-bc89-a667985476a3%40sessionmgr104&bdata=JnNpdGU9ZWhvc3QtbGl2ZQ%3d%3d#toc
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A3.  Psoriasis and cancer 

A3.a. Rationale 

Development of cancer is a multistage process characterized by accumulation of 

genetic abnormalities. In order to progress, cancer has to overcome the impact of the 

immune system at each stage. Several lines of evidence indicate that cancer and 

immunity are related: the number of hematopoietic and some solid tumor (colorectal, 

bladder) cancers is increased among immunosuppressed people compared to people with 

normal immunity, vaccination of bladder cancer patients with BCG vaccine (vaccine 

against tuberculosis) is used to mobilize the immune system and treat bladder cancer 

4,199,200; and allergy linked to increased immune surveillance is inversely associated with 

risk of several cancers, such as glioma and pancreatic cancer 201,202.  

There is a complex relationship between cancer and autoimmunity characterized by 

deregulation of the immune system. For example, appearance of the auto-immune 

disease, vitiligo, in melanoma cancer patients indicates a favorable prognosis, so vitiligo 

is induced to treat melanoma cancer patents 4,200. On the other hand, several 

epidemiological studies reported that risk of cancer is increased in patients with 

autoimmune diseases such as systemic sclerosis 203,204, lupus 205,206, and rheumatoid 

arthritis 207-209. In a comprehensive review, Abu-Shakra et al [2001] suggested that 

patients with cancer demonstrate many autoimmune features and rheumatic 

manifestations 210. The underlying biological mechanism linking autoimmune diseases 

and cancer is still under investigation. A plausible hypothesis is that an overactive 

immune system together with extended chronic inflammation can lead to mutations in 
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dividing cells and errors in elimination of malignant cells, resulting in increased risk of 

cancer, especially, cancer of immune system, such as lymphoma 199,211. 

For a long time, psoriasis was considered to be an inflammatory disease with 

abnormal epidermal proliferation. Now it is established that psoriasis is accompanied 

with changes in the mechanism of cell proliferation and cell cycle control, which are not 

limited to the epidermis 212. Along with other autoimmune diseases such as rheumatoid 

arthritis, lupus, and systemic sclerosis, psoriasis is a T-cell mediated disease, and it is 

possible that antigenic stimulation accompanied by chronic inflammation may lead to an 

increased risk of cancer in psoriasis patients. Alternative explanations are that the risk of 

cancer may be increased because of carcinogenic and/or immunosuppressive therapy or 

because of genetic and environmental factors predisposing to both diseases 210 (Figure 

4-1). 

A3.b. Epidemiological studies of psoriasis and cancer 

Several Scandinavian cohorts investigated risk of cancer among hospitalized 

patients with psoriasis in comparison to general populations. They reported standardized 

incidence ratios (SIRs): observed cancer rates for patients with a hospital discharge 

diagnosis of psoriasis divided by expected rates in the general population based on 

national sex-specific and age-specific incidence rates. Two Danish linkage studies found 

that patients hospitalized with psoriasis had increased risks of squamous cell skin 

carcinoma, pharyngeal, laryngeal, lung, kidney, and colon cancers compared to expected 

cancer rates in general population 213,214. The SIR for cancers overall was also 

significantly increased – SIR=1.4 213. A Swedish cohort study examined 9,973 records of 

patients hospitalized with psoriasis and reported increased incidence ratios in psoriasis 
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patients compared to general population for all-site cancer 1.37 (95%CI, 1.28; 1.47); oral 

cavity and pharynx, SIR=2.80 (95%CI, 1.96; 3.87); liver, SIR=1.91 (95%CI, 1.28; 2.74); 

pancreas, SIR=1.56 (95%CI, 1.02; 2.23); lung, SIR=2.13 (95%CI, 1.71; 2.61); skin, 

SIR=2.46 (95%CI, 1.82; 3.27); breast, SIR=1.27 (95%CI, 1.00; 1.58); vulva, SIR=3.24 

(95%CI, 1.18; 7.06); bladder , SIR=1.43 (95%CI,1.03; 1.92) and kidney, SIR=1.56 

(95%CI, 1.04; 2.25) 212. Recently, another Swedish cohort study of 15,858 patients, 

hospitalized for psoriasis during 1965-2004 was conducted, and similar results were 

obtained –a 33% excess risk of all-site cancer mainly explained by cancers of esophagus, 

skin, upper aerodigestive, lung, stomach, pancreas, bladder and liver, as well non- 

Hodgkin’s lymphoma 215. In both Swedish studies, the risk was elevated mainly for 

cancers related to smoking and alcohol use; however, these studies did not have data to 

test whether these factors confounded the associations. In a Finnish cohort of 5,687 

hospitalized patients, Hannuksela-Svahn et al [2000] showed a similar increased risk of 

total cancer (by 30%) for psoriasis patients versus the general population, largely 

attributed to the excess risk of skin cancer and lymphomas 216.  

The above-mentioned associations between psoriasis and cancer were detected in 

hospitalized patients with psoriasis 215. Olsen et al [1993] and Boffetta et al [2001] 

indicated that more than 60% of psoriasis patients in their studies not only had a 

discharge diagnosis of psoriasis but were actually hospitalized for psoriasis 212,213. This 

implies that these psoriasis patients had more severe disease and may have a different 

impact on cancer than the majority of psoriasis patients. Few studies have investigated 

the full spectrum of psoriasis and cancer risk. A Swedish cohort of 20,328 psoriasis 

patients – members of the Swedish Psoriasis Association – observed an unusually high 
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risk of kidney cancer among female psoriatic patients compared to the general population 

(SIR~2.8) 217. Margolis et al [2001] reported an increased risk of overall, 

lymphoproliferative and non-melanoma skin cancers in patients with psoriasis compared 

to a referent group (the referent group consisted of patients with hypertension) 218. The 

authors indicated that the risk of malignancy in patients with severe psoriasis (RR= 1.78 

(95%CI, 1.32; 2.42) was similar to those with organ transplants. However, in patients 

with mild psoriasis, the risk was only slightly elevated. Further, Gelfand et al [2006] 

examined associations between psoriasis and lymphoma in a retrospective cohort of 

patients with (N=153,197) and without psoriasis (N=765,950) in Great Britain 219. In 

those with severe psoriasis versus no psoriasis, the authors detected positive associations 

with the highest relative risks for Hodgkin’s lymphoma and cutaneous T-cell lymphoma: 

3.2 and 10.75, respectively 219. Further, researchers from Canada reported that 

malignancy rates were similar for 665 patients with psoriatic arthritis in comparison with 

the general population 220. Recently, a study examining the linkage between psoriasis and 

cancer has been conducted, which was the first to account for confounders including 

BMI, smoking, alcohol, benign cancers, and some other risk factors in their nested case-

control study matched by age, sex and calendar time 221. They concluded that patients 

with psoriasis had an increased risk of all lymphohematopoietic cancers and a slightly 

increased risk of all-site cancer (OR=1.13 (95%CI, 1.02; 2.24)), which was higher for 

psoriasis with duration ≥4 years: OR=1.50 (95%CI, 1.30; 1.74). Odds ratios for 

bladder/kidney, pancreatic, and colorectal cancers were also increased with longer- 

duration psoriasis. 



 

 94

The positive associations between psoriasis and cancer may be due to the 

underlying biology of psoriasis as discussed above. Alternatively, the elevated risks may 

result from cytotoxic and immunosuppressive medications which are carcinogenic and 

are commonly used to treat psoriasis. For instance, treatment with psoralen plus 

ultraviolet-A (PUVA) was associated with an increased risk of a squamous cell skin 

carcinoma 222, and use of methotrexate or cyclosporine in patients with psoriasis treated 

with PUVA was associated with increased lymphoma rates 183. However, the effect of 

medications on cancer risk has been inconsistent across studies 223 and is still an area of 

active research. 

In brief, several studies observed positive associations between psoriasis and cancer 

especially lymphoma and non-melanoma skin cancers 212-214,216,218,219. Some studies have 

also found increased rates of lung 213,214, kidney 212,217, colorectal 213,214,221 and some other 

cancers among psoriasis patients 187. Increased risks of cancer were more consistently 

reported for patients using systemic medications and/or for those with severe psoriasis. 

Of note, only a few studies investigating associations between psoriasis and cancer 

examined a full spectrum of psoriasis, and one of the studies adjusted for confounders 

such as smoking, obesity and alcohol.  



 

 
Figure 4-1. Potential mechanisms of the association between psoriasis and cancer (adapted from 
Kremers et al, 2007) 224.
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B.  STUDY DESIGN 

B1.  Iowa Women’s Health Study (please, refer to section B in Chapter 3) 

B2.  Linkage of IWHS to Medicare  

IWHS was linked to Medicare claims data from 1986 until 2004 via social security 

number, first and last names, and dates of birth 225. Medicare is the largest health 

insurance service in the country administered by the Centers for Medicare & Medicaid 

Services (CMS). Approximately 40 million Americans aged 65 and older participate in 

this program (97% of the population in this age group). In addition, over 99.5% of deaths 

reported by the National Center for Health Statistics for persons 65+ are accounted for by 

deaths in the Medicare program, which confirms that practically all older persons are 

covered by Medicare 225. 

All Medicare enrollees receive part A (hospitalization insurance), but individuals 

must pay a premium to receive part B benefits, which covers medically necessary 

physician’s services, outpatient care, and most other services not covered by Part A, such 

as some physical or occupational therapies and some home health care services. Part A 

electronic files have been available since 1986, and part B, since 1991 226,227. 

The linkage of CMS data with IWHS was conducted for participants at or over age 

65 from 1986 through 2004, since Medicare provides health benefits for US residents 

aged 65 and up (65+ y), 226,228. The linkage was successful for 99% of the cohort 

members in this age group 225.  

The IWHS cohort was linked to five Medicare Files: 1) Enrollment (Denominator), 

2) Medicare Provider Analysis and Review (MedPAR) Hospitalization, 3) Outpatient 4) 
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Carrier, and 5) Durable Medical Equipment. Claims in MedPAR are covered by part A, 

and claims in the last three files, by part B. 

The MedPAR file includes information about hospital admission and discharge 

dates, primary and secondary diagnoses (up to 10 ICD-9-CM codes) and up to 10 

procedures performed in the hospital or in a Skilled Nursing Facility 229. The Outpatient 

file contains dates of outpatient hospital services, revenue center codes and up to ten 

fields for diagnoses (ICD-9-CM) and procedures. The Carrier file contains claims from 

physicians in hospitals and offices and from other suppliers, e.g. ambulance services and 

independent laboratories. Each claim record includes some beneficiary’s demographic 

information, dates of service, diagnosis codes (ICD-9-CM), the specialty of the provider, 

procedures provided (such as office visit, surgical procedures, administration of 

chemotherapy), and place of service (e.g., office, home, outpatient hospital, skilled 

nursing facility, emergency room). The Carrier file includes up to 4 diagnosis codes in 

1991-2003 and 10 codes in 2004 in the claim header along with ICD-9 diagnosis codes 

on the “line-level” of the claim. Each action of the physician needs to be justified by an 

appropriate ICD-9 “line level” code. “Line level” codes are the most important and the 

most accurate codes since they are linked to the level of reimbursement and are carefully 

audited 230. The annual Denominator file is used to identify periods of enrollment into 

Medicare and managed care among IWHS participants. CMS routinely monitors and 

reports the accuracy of Medicare claims and payments. 

The linkage was successful for 40,668 IWHS participants. Among them, 36,637 

participants had part A and B coverage and did not have managed care (i.e., had fee-for 

service (ffs)) during the entire enrollment from 1986 through 2004 (88% of the initial 



 

 98

IWHS cohort), and 39,503 participants had at least some period of part A and B coverage 

and no managed care (95% of the cohort) 225. 

Since our goal was to ascertain psoriasis, for which patients are rarely hospitalized, 

the main source of claims for psoriasis patients is Carrier file data that were available 

from 1991 through 2004. Thus, the follow up for each participant in our analytical cohort 

began either at age of 65 or at 01/01/1991, whichever was later (Figure 4-2). In fact, some 

women started follow-up after age of 65, because, although everybody must enroll in part 

A at 65 y, the enrollment in part B can happen at any time after age of 65. Thus, ~90% of 

those who turned age 65 by 01/01/1991 started follow-up at this time (~70% of the 

cohort), whereas the youngest participants started in 1996 or later. Of note, all women 

had turned 65 by the end of 1996. 

 

B3.  Ascertainment of psoriasis 

Psoriasis cases were identified using the ICD-9 diagnosis code of 696.1 in the 

Medicare claim data. This is the only psoriasis code; it includes major types of psoriasis 

including plaque, guttate, pustular, and erythrodermic psoriasis. Over 1991-2004, 1301 

people had a 696.1 ICD-9 code from Carrier, Outpatient, and/or MedPAR files. The 

majority of the claims were in Carrier Files and most of the claims were submitted by 

dermatologists, whereas some claims for psoriasis were from other physicians. In 

addition, claims for psoriasis were encountered in some MedPAR and outpatient files. 

After consultation with a dermatologist (E.Warshaw, pers. comm, October, 2008), we 

developed the following algorithm for the diagnosis of psoriasis in CMS: 1) at least one 

claim by a dermatologist with the line item diagnosis code of 696.1 and a code of 696.1 
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in any header position; 2) two or more claims with a diagnosis code of 696.1 in any 

position in Carrier files on two different days established by any physician; 3) two or 

more claims with a diagnosis code of 696.1 on two different days in any combination of 

Carrier, MedPAR, and Outpatient files.a All other women with a single claim in any 

source were excluded. As a result, 831 patients among 37,734 women in IWHS/CMS 

(about 2.2 %) had a diagnosis of psoriasis at 65+ y. This is in agreement with the reported 

prevalence of psoriasis of 1-3% in the United States 180. For our analysis, we included 

only women free from cancer at the start of their follow-up (N=33,266). After excluding 

women with one claim for psoriasis (other than one dermatology claim) (N=356), there 

were 719 women with psoriasis among 32,910 cancer-free women (Figure 4-3). Among 

women with psoriasis, 586 had 1+ dermatology claim, 101 had 2+ claims from Carrier 

files, and 32 had 2+ from any source. To assess severity of psoriasis, we created a 

“surrogate” measure of severity – number of visits to a dermatologist per year. “Severe” 

psoriasis was defined as at least four dermatology claims in one year at any time 

(N=121)b. All other cases were considered mild (N=598). 

 

B4.  Strengths and limitations of linkage to Medicare 

To our knowledge, this is a first comprehensive attempt to establish an algorithm 

identifying psoriasis diagnosis through Medicare. Information about psoriasis was not 

gathered in IWHS. By linking medical claims longitudinally, Medicare provides a cost-

 
a Using available claims from all sources versus a single specific type of claim, increases sensitivity 
without decreasing specificity 259. 
 
b Four visits were selected as a cut-off because patients on oral medications or UV light treatment are 
usually sees every 3 months by dermatologist (E.Warshaw, pers. comm, October, 2008).   
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efficient way to collect data about psoriasis in this large prospective cohort. Medicare 

claims have been validated and dates, diagnosis, procedure and cost information are 

considered to be highly specific and reasonably sensitive 227. Katz et al [1997] abstracted 

medical records of 378 patients managed in a rheumatology specialty practice, and 

identified 90% of these records in Medicare physician claims (331 patients) 231. Using 

medical records data as the "gold standard" for these 331 patients, they reported high 

sensitivities of the Medicare physician claims: 0.90 for rheumatoid arthritis and 0.85 for 

systemic lupus erythematosus, and 0.85 for aspiration or injection procedures. The 

positive predictive values (PPV) were also high: 0.90 for rheumatoid arthritis and lupus 

erythematosus. Diagnosis codes in physician claims are generally more accurate and 

precise if coded by specialty provider offices rather than by primary-care provider or in 

general-practitioner offices 231,232.  

Recently, several studies used different algorithms to identify psoriasis from 

administrative claims data 187,218,233-236 and from electronic medical records 180,196,219,237-

239. In a study by Watson et al [2008], which used Medicare claims data to examine 

comorbidities in patients with psoriasis and in psoriatic arthritis, a person was classified 

as having psoriasis if she/he had at least one claim with a code of 696.1 236. 

One study from Rochester, MN 237 and several studies from the United Kingdom 

219,238-240 used electronic medical records for psoriasis ascertainment and validated their 

results by manually reviewing medical records. In the study from Great Britain, a person 

was considered as potentially having psoriasis if she/he was referred to the specialist or 

hospitalized; received treatment for psoriasis; or had more than 1 entry of a psoriasis 

diagnosis in the computerized medical history. Manual review of the electronic medical 
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records confirmed 82% of psoriasis diagnoses. In the Rochester study, researchers 

reviewed the medical records of 2556 patients with at least one diagnostic code consistent 

with psoriasis in electronic database and found a positive predictive value of 68.7% (95% 

confidence interval: 66.5%, 70.9%) for the 696.1 code. Increasing frequency of codes 

was associated with increasing PPV: 60% for one code, 76% for two codes and 89% for 3 

codes within a five-year window 237. To our knowledge, there have been no validation 

studies for psoriasis in Medicare. 

The use of Medicare data with IWHS has several other strengths:  

1) Medicare data are free from usual biases such as recall bias and non-response 230. 

Kimball et al [2008] underscored that “in spite of their limitations, data from healthcare 

claims have been widely used for epidemiologic research in psoriasis as well as other 

autoimmune diseases” because they are readily available and can provide useful clinical 

information 234. 

2) Psoriasis is symptomatic, easily recognized and diagnosed, and in most cases, it is 

verified by a dermatologist 237. Importantly, the procedures to identify psoriasis have not 

changed since the early 1990s (E.Warshaw, pers. comm, October, 2008). 

3) Linkage to IWHS allows adjustment for multiple potential confounders, which are not 

available in claim datasets. 

However, use of Medicare data with IWHS has limitations. 

1) Medicare data were not created for epidemiological research or for enumeration; 

therefore, diagnoses ascertained by Medicare can be affected by errors in coding, missing 

data, variability of billing practices in health care systems, or absence of information for 

which billing was not submitted, i.e. prescription drugs, clinical information related to a 
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diagnosis and the results of tests (i.e. only the receipt showing that a test was conducted is 

available) 237,241. In the case of psoriasis, the absence of information about over-the 

counter and prescription drugs makes it difficult to distinguish between mild and severe 

psoriasis. In addition, if an association between psoriasis and cancer risk really exists, it 

is unclear whether it is due to psoriasis or anti-psoriasis medications. 

2) Although psoriasis is easily diagnosed, epidemiologic studies of psoriasis are difficult 

to conduct because of the remitting character of disease and absence of established 

diagnostic criteria 237. This can partly explain the relatively low PPV for psoriasis 

ascertained from electronic databases in Rochester and Great Britain 196,237.  

3) Psoriasis is a chronic disease which could have started at young or middle age. The 

IWHS questionnaire did not ask about history of psoriasis. Moreover, the follow-up starts 

in 1991 or at age 65 (whichever happened later). So, we did not have information about 

psoriasis until after Medicare enrollment which could happen in 1996 or later for some 

women. Thus, we investigated the association between so-called “active” psoriasis after 

age 65 and risk of subsequent cancer rather than between all psoriasis and risk of cancer.



 

Part B  EligibilityPart B  Eligibility

Oldest** 
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1986 1991 1996  2006

Youngest ***

Oldest** 

End of 
follow-up*

End of follow-up* – cancer, death, moving out of Iowa, or end of 2006 
whichever occurred first
Oldest **– turned 65 before 1991, so were available for enrollment in 1991
Youngest*** – turned 65 and became available for enrollment after 1991 
Everybody turned 65 in 1996

Youngest ***

1986 1991 1996  2006

End of 
follow-up*

End of follow-up* – cancer, death, moving out of Iowa, or end of 2006 
whichever occurred first
Oldest **– turned 65 before 1991, so were available for enrollment in 1991
Youngest*** – turned 65 and became available for enrollment after 1991 
Everybody turned 65 in 1996  

Figure 4-2. IWHS-Medicare study design. 
 
 
 
 
 
 

 

 
Figure 4-3. Number of women with psoriasis in IWHS/Medicare, 1991-2004 (women with cancer 
up to 1991 were excluded). The total number of women with psoriasis is N=719. 

.
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C.  MANUSCRIPT III – ASSOCIATION BETWEEN PSORIASIS AND 

INCIDENT CANCER: THE IOWA WOMEN’S HEALTH STUDY 

 
 
Background: Previous studies have reported a higher risk of cancer in individuals with 

psoriasis, a chronic inflammatory autoimmune disease; however, most did not adjust for 

potential confounders. We examined the association of psoriasis with cancer incidence in 

32,910 women in the IWHS, free of cancer at the start of follow-up (mean age 68y), 

followed through 2006. The presence of psoriasis was defined as at least two claims from 

any Medicare file at any time in 1991-2004 (ICD-9 code 696.1) or at least one 

dermatology Medicare claim (N=719). Severe psoriasis was defined as at least 4 

dermatology claims in one year (N=121). Cox proportional hazards regression, with 

psoriasis as a time-dependent variable, and adjusted for age at the start of follow-up, 

smoking, body mass index, education, physical activity, and use of hormone replacement 

therapy, was used to calculate hazard ratios (HR) (95% confidence interval) of total 

(N=6,488), breast (N=2,066), lung (N=742), and colon cancers (N=949).  

Results: In an age-adjusted model, psoriasis (yes versus no) was associated with an 

increased incidence of lung cancer HR =1.93 (95%CI, 1.23; 3.01), colon cancer HR=1.61 

(95%CI, 1.06; 2.46), and all cancers HR=1.18 (95%CI, 0.97; 1.43). There was no 

association between psoriasis and breast cancer. After adjustment for potential 

confounders, all observed associations were attenuated: HR=1.27 (95%CI, 0.81; 1.99) for 

lung cancer, HR=1.57 (95%CI, 1.02; 2.42) for colon cancer, and HR=1.12 (95%CI, 0.92; 

1.36) for total cancer.  
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Conclusions: In summary, psoriasis was associated with a higher risk of colon cancer. 

This association might be mediated by inflammation or other unidentified mechanisms. 

 

C1.  Introduction and hypothesis 

Psoriasis is one of the most common inflammatory autoimmune diseases; 

prevalence is 1-3% in the United States, and approximately 7.5 million people are 

affected 180. Psoriasis is characterized by thick scaly dermatologic plaques that itch and 

bleed. Its onset peaks in young adulthood and around age 60, but it can begin at any time 

in life with periodic flare-ups followed by periods of remission 181. For most people, 

psoriasis is a mild disease. However, approximately 25% of patients have moderate to 

severe psoriasis which requires treatment with phototherapy and/or systemic agents 

including psoralen with ultraviolet light A (PUVA), oral retinoids, methotrexate, and/or 

cyclosporine. 

There is no specific diagnostic test for psoriasis (except skin biopsy, which is 

performed in less that 50% of cases). Thus, the diagnosis is usually made clinically by a 

dermatologist or general physician based on a characteristic appearance and pattern in 

the affected area 181,242.  

The disease equally affects men and women; it is recurrent and incurable and is 

often accompanied by obesity, diabetes, cardiovascular disease, and depression 

187,192,197,234,238,243,244. Smoking and alcohol use are also more prevalent in the psoriasis 

patients than in general population 193,198,243.  

The etiology of psoriasis in not fully understood but it is affected by both 

environmental factors and genetic predisposition (concordance rate is 2-3 times higher in 
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monozygotic twins compared to dizygotic twins) 181. Similar to other autoimmune 

diseases, it is a T-cell mediated disease, and it is possible that antigenic stimulation 

results in release of inflammatory cytokines and rapid cell proliferation (not limited to 

skin cells), which may lead to an increased risk of cancer in psoriasis patients 212. 

Research has linked rheumatoid arthritis, lupus, systemic sclerosis and other 

autoimmune diseases with increased risk of cancer including total, lung, non-melanoma 

skin cancer, and lymphoma 203-206,209. Several studies reported that psoriasis is related to 

increased cancer risk 212-216,218,219,221. The cancers with the highest relative risk among 

psoriatic patients are lymphoma and non-melanoma skin cancers, but increased risks 

have been also found for lung, colorectal, kidney, bladder, pancreatic, and some other 

cancers 187,212,215,221. However, most studies of psoriasis and cancer involved patients 

hospitalized with psoriasis or those treated with phototherapy or systemic medications 

183,222,223. The cancer risk for these severe psoriatic patients could be higher than for the 

full spectrum of psoriasis. In addition, only one study examining psoriasis and cancer 

was able to adjust for potential confounding variables 221. 

We hypothesized that psoriasis is associated with a higher incidence of total cancer 

in a population-based cohort of elderly Iowa women, after adjusting for potential 

confounding variables. To test the hypothesis, we identified all women with psoriasis at 

or after age 65 y (65+ y) using Medicare data linked to IWHS. We also examined 

associations between psoriasis and specific solid tumors including breast, lung, and colon 

cancers.  
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C2.  Materials and Methods 

C2.a. IWHS study design 

The IWHS was initiated in 1986, when a mailed questionnaire was sent to 98,030 

randomly selected women between 55 and 69 years of age who had valid Iowa drivers’ 

licenses in 1985; 41,836 (42%) women responded and constituted the IWHS cohort.  

In order to update vital status, residence, and information about risk factors, five 

follow-up questionnaires were mailed, and the response to each was high: 91% in 1987, 

90% in 1989, 83% in 1992, 79% in 1997, and 69% in 2004. The vital status of women 

who did not respond to the follow-up surveys was determined through the National Death 

Index of the National Center for Health Statistics and the State Health Registry of Iowa. 

About 99% of deaths in the cohort have been identified 172. Data from follow-up surveys 

indicated that the annual emigration rate from Iowa for IWHS cohort members was less 

than 1% 171. 

The IWHS was conducted under a protocol approved for human subject research by 

the University of Minnesota Institutional Review Board. The return of baseline and 

follow-up questionnaires was considered as consent. 

C2.b. IWHS-CMS linkage 

IWHS identifiers were linked to Centers for Medicare Services (CMS) claims data 

from 1986 until 2004 via social security number, first and last names, and dates of birth, 

as previously described 245. Linkage was conducted for participants at or after age 65 y, 

since Medicare provides payment for health benefits for US residents aged 65+ y 226,228. 

The linkage was successful for 99% of the cohort that survived to age 65 y (N=40,668).  
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Information about Medicare participants was collected from four files 

(Denominator, MedPar, Carrier, and Outpatient files). The annual Denominator file was 

used to identify periods of enrollment into Medicare and managed care. Information 

about inpatient services, including discharge codes (ICD-9-CM), has been available since 

1986 (Medpar files; Part A), whereas data about outpatient services, including diagnosis 

codes have been available since 1991 (Outpatient and Carrier files; Part B) 226,227. In 

addition, information about the specialty of providers was obtained from Carrier files.  

C2.c. Analytical cohort 

Our cohort included participants who had reached 65+ y and who enrolled in part 

A, part B and had at least one month of fee-for-service (FFS, i.e. no managed care) in 

Medicare (N=39,503). Thus, the earliest start of follow-up was in 1991 but was later for 

those how became 65 in late years. Those participants who did not reside in Iowa at the 

start of their follow-up were excluded (N=1,354). The participants were followed from 

the start of their follow-up until disenrollment from part A, part B, and FFS, emigration 

from Iowa, diagnosis of cancer in Iowa, death, or end of follow-up in December 31, 

2006, whichever occurred earlier. Further, women with cancer at baseline (except non-

melanoma skin cancer) or diagnosed with cancer before the start of their follow-up were 

excluded (N=4,883). After these exclusions, 33,266 women were left in the cohort. 

C2.d. Psoriasis ascertainment 

Psoriasis diagnoses were identified using the ICD-9 diagnosis code of 696.1 in the 

Medicare claims data. This is the only psoriasis ICD-9 code; it includes major types of 

psoriasis including plaque, guttate, pustular, and erythrodermic psoriasis. Since patients 

are rarely hospitalized with psoriasis codes, the main source of claims for psoriasis 
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patients is Carrier file data available in IWHS-Medicare from 1991 to 2004; most of the 

claims were submitted by dermatologists (76% of all Carrier claims for psoriasis), which 

is in agreement with National Ambulacy Medical Survey data, that reported that 

dermatologists were responsible for 82% of visits for psoriasis in 1990-2001 in the 

United States 246. In addition, claims for psoriasis were encountered in some MedPAR 

and Outpatient files. As a result, there were 586 women with at least one dermatology 

claim with a diagnosis code of 696.1 (188 of them had only one dermatology claim) and 

133 with at least 2 claims on two different days at any time during follow-up (in any 

combination of Carrier, MedPAR, and Outpatient files). All other women with a single 

claim in any source were excluded since it was unclear if they had a firm diagnosis of 

psoriasis (N=356) (Figure 4-3). Thus, 719 patients among 32,910 women free of cancer 

(about 2.2%) had a diagnosis of psoriasis after age 65 y from 1991 through 2004 in 

IWHS/CMS. Of note, the prevalence of psoriasis in the cohort prior to excluding cancer 

cases was also 2.2% (831 psoriasis cases among 37,734 women). This is in agreement 

with the reported prevalence of psoriasis of 1-3% in the United States 180.  

We used the number of visits to a dermatologist with a psoriasis diagnostic claim as 

a surrogate measure of severity. Severe psoriasis was defined as having four or more 

visits to a dermatologist in any year (N=121). Of note, four visits were selected as a cut-

off because patients on oral medications or UV light treatment are usually seen every 3 

months by dermatologists (E.Warshaw, pers. comm, October, 2008). All other cases of 

psoriasis were considered mild (N=598). 
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We did not have information about psoriasis diagnoses before enrollment in 

Medicare; thus we examined women who had “active” psoriasis at age 65+ y. 

Information about treatment for psoriasis was not available. 

C2.e. Cancer ascertainment 

Incident cancer cases from 1991 through 2006 were ascertained via linkage to the 

State Health Registry of Iowa, a participant in the Surveillance, Epidemiology, and End 

Results Program (SEER). Sites were defined using ICD-O codes (International 

Classification of Diseases for Oncology, 3rd ed) 173. In our analytical cohort of women 

free of cancer at the start of their follow-up, there were 6,488 total cancers (excluding 

non-melanoma skin cancer), 2,066 breast, 742 lung, and 949 colon cancers.   

Due to insufficient number of cases, we were not able to investigate the association 

of psoriasis with less common neoplasms, such as cancers of the pancreas, bladder, liver, 

esophagus, upper aerodigestive, stomach, or hematopoietic cancers, for which 

associations were observed in some other studies. We also did not have information about 

non-melanoma skin cancers. 

C2.f. Other exposure information  

The baseline questionnaire (1986) collected information about lifestyle, behavioral, 

anthropometric, and sociodemographic characteristics, including education level, 

smoking status and number of pack-years of smoking, usual alcohol intake within the last 

year, and physical activity level 247,248. Body mass index (BMI, kilograms/meters 

squared) was calculated from self-reported height and current weight at baseline. Waist-

to hip ratio (WHR) was calculated using circumference of the waist (1 inch above 
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umbilicus) and hip (maximal protrusion) which had been measured by a friend with an 

enclosed paper tape measure 171.  

Detailed information about women’s reproductive history and use of oral 

contraceptives and hormone replacement therapy (HRT) was collected at baseline. Self-

reported information about HRT use, diabetes mellitus, heart disease, and hypertension 

was collected at baseline and at each follow-up. Information about the frequency of use 

of aspirin and other non-steroidal anti-inflammatory drugs (NSAIDs) was collected in 

1992. 

C2.g. Statistical analysis 

We examined univariate associations of psoriasis with the following variables: 

BMI, WHR, education, smoking status, pack-years, alcohol intake, aspirin, oral 

contraceptive use, number of live births, and physical activity (all collected at baseline in 

1986), and age, history of HRT use, diabetes, heart disease, and hypertension collected up 

to the start of their follow-up. Chi-square tests and t-tests were used for categorical and 

continuous variables, respectively.  

We compared age-adjusted incidence rates of cancer in psoriatic and non-psoriatic 

groups using Poisson regression. If a woman did not have psoriasis or psoriasis occurred 

after a cancer, she contributed person-years only to the non-psoriasis group from the start 

of follow-up until the occurrence of cancer or censoring event. If a woman was diagnosed 

with psoriasis during follow-up, she contributed person-years to the non-psoriasis group 

before the psoriasis diagnosis and to the psoriasis group afterwards. 

To investigate the association of “active” psoriasis at 65+ y with each cancer, we 

used a Cox proportional hazards model with psoriasis as a time-dependent covariate 249. 
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The following confounding variables, associated with cancer and psoriasis, were included 

into a multivariate-adjusted model: age at the start of follow-up, BMI, education, 

smoking status, pack-years, HRT use, physical activity, and number of live births (for 

breast cancer). Further adjustment for alcohol intake, WHR, history of diabetes, the use 

of oral contraceptives, and the date of the start of follow-up did not materially change 

associations and they were not included in the model. In additional analysis, we tested 

confounding by aspirin and non-aspirin NSAIDs. Since questions about NSAIDs were 

asked at the 1992 questionnaire, non-respondents to this questionnaire and those for 

whom follow-up ended before 1992 were excluded (N=26,414 participants were 

available for this analysis). 

We also examined the association between psoriasis “severity” and risk of total and 

specific cancers by calculating hazard ratios for each cancer in groups with severe and 

mild psoriasis versus “no psoriasis”, although there was limited power to conduct this 

analysis. A test for trend across psoriasis groups was calculated by putting a psoriasis 

severity variable (0 – no psoriasis, 1 – mild, 2 – severe psoriasis) as a continuous variable 

into the model.  

We tested effect modification of the psoriasis – cancer association by smoking and 

BMI, since these are risk factors for cancer and are related to psoriasis: no interactions 

were detected (p-values were 0.3-0.8). We also performed two stratified analyses for 

groups divided at the median between baseline and the start of follow-up (~5 y), and for 

groups divided by the median age at the start of follow-up (68 y). 

In addition, two sensitivity analyses were conducted. We included only those 

women who had at least 2 years (or 5 years) of cancer-free follow-up time. The follow-up 
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for this analysis started at 2 (or 5 years). If psoriasis was encountered during the first 2 

(or 5, depending on the analysis) years of follow-up, these women were considered as 

having psoriasis at the beginning of the redefined follow-up. Finally, to validate our 

results, we conducted analyses by including in the psoriasis group only patients with at 

least two claims of psoriasis (N=531). 

 

C3.  Results 

The analysis included 32,910 women with a total of 389,180 person-years of 

follow-up. Mean age at the start of follow-up was 68.1 years and over 99% women were 

white. Women who were identified as having psoriasis (mean age at psoriasis diagnosis, 

73.1 y) were more likely to be highly educated, smoke, drink alcohol, and not to exercise 

regularly (Table 4-1). The prevalence of comorbidities (diabetes, history of heart disease, 

and hypertension), use of HRT and oral contraceptives, and aspirin use was also higher 

for those with psoriasis than for those without. The percentage of women with WHR in 

the highest tertile (≥0.881) was also slightly higher among those with psoriasis. 

Age-adjusted incidence rates of total, lung, and colon cancers were higher for those 

with than for those without psoriasis. In an age-adjusted model, hazard ratios were 1.93 

(95%CI, 1.23; 3.01) for lung cancer, 1.61 (95%CI, 1.06; 2.46) for colon cancer, and 1.18 

(95%CI, 0.97; 1.43) for total cancer for those with versus no psoriasis. There was no 

association between psoriasis and breast cancer (Table 4-2). After adjustment for 

potential confounders, all observed associations were attenuated: HRs were 1.27 (95%CI, 

0.81; 1.99) for lung cancer, 1.57 (95%CI, 1.02; 2.42) for colon cancer, and 1.12 (95%CI, 

0.92; 1.36) for total cancer among those with versus no psoriasis (Table 4-2). The 
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associations were attenuated because of adjustment for smoking: when we adjusted for all 

the covariates but smoking, hazard ratios for all cancers were virtually the same as in the 

age-adjusted analysis. Compared to those without psoriasis, HRs of colon cancer were 

1.94 (95%CI, 0.80; 4.67) for severe psoriasis and 1.48 (95%CI, 0.90; 2.44) for mild 

psoriasis (p-trend=0.03) (Table 4-2). 

Sensitivity analyses after excluding women with less than 2 or 5 years of follow-up 

(and cancer cases during these years) gave results similar to the main analysis. For 

instance, for those with ≥5 years of follow-up, multivariate-adjusted HRs were 1.04 

(95%CI, 0.68; 1.58) for breast, 1.38 (95%CI, 0.84; 2.22) for lung, 1.84 (95%CI, 1.18; 

2.87) for colon, and 1.20 (95%CI, 0.97; 1.48) for total cancer (Table 4-3). When only 

women with 2+ claims for psoriasis were included in the psoriasis group, associations for 

total cancer were similar but the confidence interval became wider (Table 4-3). 

We further examined the association between psoriasis and colon cancer after 

adjusting for ever use of aspirin or non-aspirin NSAIDs among initially cancer-free 

respondents to the 1992 questionnaire (N=26,414). The association became slightly 

stronger: multivariate-adjusted HR=1.69 (95%CI, 1.04; 2.74). When we stratified colon 

cancer into proximal and distal, there were 20 proximal and 2 distal colon cancer cases in 

the psoriasis group. Due to the small number of cases, we were not able to examine 

psoriasis in relation to distal colon cancer. For proximal colon cancer, HR= 1.97 (95%CI, 

1.24; 3.11).  

Finally, we conducted two subgroup analyses. After stratifying the difference 

between IWHS baseline and the start of women’s follow-up at the median of ~5 years, 

multivariate-adjusted HRs of colon cancer for psoriasis versus no psoriasis were similar 
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in the subgroups – below and above the median 1.64 (95%CI, 0.92; 2.91) and 1.77 

(95%CI, 0.91; 3.43), respectively (Table 4-4). After stratification by median age at the 

start of follow-up (68 y), multivariate-adjusted HRs of colon cancer for psoriasis versus 

no psoriasis were increased in both groups: 1.39 (95%CI, 0.77; 2.54) for those younger 

than 68 y at the start of their follow-up and 1.74 (95%CI, 0.93; 3.27) for those older than 

68 y at the start of their follow-up; however, the statistical power was low for all 

sensitivity analyses. 

 

C4.  Discussion 

This prospective cohort study linked to Medicare found that after adjustment for 

age, smoking, BMI, education, physical activity, and HRT use, having psoriasis at age 

65+ y was associated with higher colon cancer risk. The hazard ratios were higher for 

severe than for mild psoriasis. We also observed increased HR for lung and total cancer 

in age-adjusted models but this was mainly explained by confounding by smoking. There 

was no association of psoriasis with breast cancer risk.  

Most previous studies of psoriasis and cancer examined total, skin, and 

lymphoproliferative cancers, whereas far fewer studies focused on solid organ tumors. 

Several studies that included only hospitalized patients were conducted in Scandinavian 

countries, where the rates of cancer in the cohort of psoriasis patients were compared to 

those in general population (standardized incidence ratio (SIR)). All of these studies 

observed an increased risk of total cancer by 27-40%, largely explained by an excess risk 

of skin cancer and lymphoproliferative cancers and/or cancers related to smoking 212-216. 

Two Danish and two Swedish studies found that patients hospitalized with psoriasis had 
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increased SIRs of lung cancer: 1.4 (95%CI, 1.1; 1.8) in Olsen [1993], 1.5 (95%CI, 1.3; 

1.9) in Frentz [1999], 2.13 (95%CI, 1.71; 2.61) in Boffetta [2001], and 1.78 (95%CI, 

1.51; 2.09) in Ji [2009] 212-215, which is in agreement with our age-adjusted results. 

Similar to our study, two Danish studies observed an increased SIR for colon cancers 1.3 

(95%CI, 1.0; 1.6) in Frenz [1999] and 1.4 (95%CI, 1.0; 1.9) in Olsen [1993] 213,214. A 

study by Boffeta et al [2001] also observed an increased SIR for breast cancer in the 

psoriasis group versus the general population: 1.27 (95%CI, 1.00, 1.58) 212. In that cohort, 

psoriasis was ascertained in 1965-83, when X-rays and radium were still used for treating 

psoriasis, which could cause breast cancer. The relation between psoriasis and breast 

cancer was not supported by findings of our study or the other studies. 

Similar to the above-mentioned studies, we observed a positive association of 

borderline significance for total cancer HR=1.22 (95%CI, 0.98; 1.51) in an age-adjusted 

model, which was attenuated after adjustment for smoking. The HR for total cancer was 

lower in our study than in those cohorts because first, in other cohorts, non-melanoma 

skin cancers, which are associated with psoriasis 212,213,215, were included in the 

estimation of total cancer; and, second, those studies included only hospitalized patients, 

with the majority of them hospitalized for psoriasis 212,213,215. Hospitalized psoriasis 

patients could have more severe disease and a different risk of some cancers than other 

psoriasis patients 239. The main limitation of these Scandinavian studies is a potential bias 

because they did not have data about other covariates and could not control for 

confounding. 

Few studies have investigated the full spectrum of psoriasis cases and risk of 

cancers other than lymphoma and skin cancer. In a U.S. study using the Medicaid 
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administrative database, Margolis et al [2001] reported an increased risk of total cancer 

for those with psoriasis compared to a referent group of hypertensive patients after 

adjustment for age, sex, and state of residence 218. The highest risk of cancer was 

observed for patients with severe psoriasis, i.e. those treated with systemic medication 

(RR= 1.78 (95%CI, 1.32, 2.40)), and a slightly elevated relative risk was observed for 

those with mild disease (RR= 1.13 (95%CI, 1.03, 1.25)). The Margolis study did not 

stratify by tumor types other than lymphomas and skin cancers and, similarly to the 

Scandinavian studies, did not have data about BMI, smoking, alcohol, or other 

confounding variables. Recently, Brauchli et al [2009] examined the link between 

psoriasis and cancer in a cohort study and in a case-control study nested in that cohort 221. 

Crude incidence rate ratios of cancer in the entire cohort were increased for total and 

pancreatic cancer among all age groups and for colorectal cancer among those older than 

60 years. The nested case-control study, adjusted for age, sex and calendar time (by 

matching), BMI, smoking, and benign tumors, revealed that patients with psoriasis had a 

slightly increased risk of total cancer (OR=1.13 (95%CI, 1.02; 1.26)), which was higher 

for psoriasis with duration ≥4 years: OR=1.50 (95%CI, 1.30; 1.74). The odds ratio for 

colorectal cancers was also increased with longer-duration psoriasis: OR~2.5 and was 

statistically significant. The results for total cancer and colorectal cancer are in agreement 

with the findings in our study.  

The etiology of psoriasis is still under investigation but the common view is that it 

is a systemic inflammatory disease, which is not limited to the skin cells. It is 

characterized by immune abnormalities – more than 20 billion T cells infiltrate the skin 

of the patient with severe psoriasis. T cells release inflammatory cytokines (IL-1, IL-6, 
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IFN-γ, and TNF-α) and stimulate other inflammatory components such as dendritic cells, 

macrophages, and neutrophils, which induce epidermal hyperproliferation and 

hyperplasia 190,238,250,251. A plausible hypothesis is that a deregulated immune system 

together with extended chronic inflammation can lead to mutations in dividing cells and 

errors in elimination of malignant cells, resulting in increased risk of cancer, especially, 

lymphoproliferative cancers 199,211. 

If associations between psoriasis and cancer are explained by inflammation, then it 

is not surprising that we observed an association for colon cancer, since the evidence of a 

link between inflammation and cancer is strongest for colorectal cancer. Several studies 

showed a positive association between C-reactive protein, a systemic inflammatory 

marker, and risk of colorectal cancer18-20,22. Colorectal cancer is the only cancer for which 

the protective effect of aspirin – an anti-inflammatory drug – has been clinically 

established 14,137. Positive associations have been shown between inflammatory bowel 

disease (IBD)–Crohn’s disease and ulcerative colitis – and colorectal cancer 14,28. 

Moreover, there is evidence of a positive association between psoriasis and IBD: RR of 

IBD is 2.9 (95%CI, 1.1; 7.9) for those with versus without psoriasis, although the 

temporal relations between these diseases is not clear 243,252. Minor defects of small bowel 

function have also been described in patients with psoriasis, mainly in those with severe 

disease 252. Therefore, chronic inflammation associated with psoriasis and IBD may result 

in subsequent colon cancer. 

Thus, psoriasis and cancer may be associated because they have a common 

underlying disorder of systemic inflammation 253, which may or may be not related to 

common genes (e.g. genes encoding for cytokines –interleukin (IL) enhancer binding 
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factor and tumor necrosis factor α (TNF-α)) 212. In addition, psoriasis itself, because it is 

characterized by a deregulated immune system and chronic inflammation, can contribute 

to colon carcinogenesis. An alternative explanation is that treatment for psoriasis – 

systemic drugs or phototherapy – increase cancer risk, mainly risks of 

lymphoproliferative and skin cancers, and thus, affect risk of total cancer. However, 

treatment is unlikely to explain an observed association of psoriasis with colon cancer 

risk: the majority of past studies did not find a link of systemic anti-psoriatic drugs (i.e. 

methotrexate or cyclosporine) or phototherapy with solid tumor cancers (other than skin 

cancer) 223,254, methotrexate and cyclosporine, in fact, are sometimes used to treat colon 

cancer 255,256.  

The major strength of our study is the use of the data from a large prospective 

population-based cohort linked to the already existing longitudinal Medicare dataset. 

These data allowed us to conduct cost-efficient analyses by combining information from 

the IWHS cohort about multiple risk factors and cancer cases ascertained through SEER 

with data about psoriasis obtained from Medicare. To the best of our knowledge, this is 

the first attempt to comprehensively establish a diagnosis of psoriasis through Medicare. 

Our study has important limitations. An administrative database was used for 

psoriasis ascertainment, which collects billing information rather than direct information 

about diagnoses. As with other health claims data, we cannot exclude incomplete coding 

and coding errors 231,237. We did not validate psoriasis diagnosis. However, validation 

studies conducted for other autoimmune diseases in Medicare, which used medical 

records as the gold standard, reported high sensitivities of the physician claims (0.90 for 

rheumatoid arthritis and 0.85 for systemic lupus erythematosus), and high positive 
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predictive values (0.90 for both of these diseases) 231. Further, the associations of 

psoriasis with smoking, alcohol, diabetes, hypertension and heart disease observed in our 

study are in agreement with findings for psoriasis patients in other studies 180,193,198,238,244. 

Additionally, the most common diseases that can be misdiagnosed as psoriasis are 

seborreic dermatitis and other types of chronic dermatitis, which are not known to be 

related to cancer 212. Finally, in a sensitivity analysis including only psoriasis patients 

with 2+ claims in Medicare (i.e. a more reliable psoriasis diagnosis), we observed results 

similar to the main analysis. 

Another limitation is that no information about psoriasis was collected before 

Medicare enrollment, so we missed psoriasis cases that manifested before the beginning 

of the study and no further. We also did not know the precise date of psoriasis onset. To 

reduce ambiguity for a temporal relation between psoriasis and cancer, we conducted a 

sensitivity analysis by excluding women with follow-up time less than 2 or 5 years, and 

excluded cancer cases that occurred during these 2 or 5 years. We obtained results similar 

to those in the main analysis. Further, we had information about psoriasis only up to 

2004, but we followed the cohort up to 2006. Limiting the follow-up through 2004 did 

not practically change our results. Another potential limitation is a large gap between 

ascertainment of covariates in 1986 and the start of follow-up (50% of participants started 

follow-up in 1991 and the rest, later), so these covariates could have changed during this 

time period. When the time period between 1986 and the start of follow-up was stratified 

at the median of ~ 5 years, similar relations in both subgroups – below and above the 

median – were observed. Furthermore, our study does not have data about treatment, so 

we lacked the ability to assess the role of treatment in carcinogenesis and to better 
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estimate the severity of psoriasis. Although it is unlikely that systemic drugs or 

phototherapy affect the risk of solid organ cancers (other than skin cancer), this 

possibility cannot be fully excluded. 

Another potential concern is surveillance bias: patients with psoriasis could be more 

likely screened for cancer. We do not have information about colorectal cancer screening, 

but if there were surveillance bias, in the long run, it should have decreased the number 

of colorectal cancers in psoriasis patients, whereas there was a positive association 

between psoriasis and colon cancer risk. Finally, our study was conducted among white 

elderly women in Iowa; results may not be generalizable to other age, gender, or 

geographic settings. 

In summary, our analysis showed that there was a positive association between 

psoriasis and colon cancer incidence. If this association in fact exists, this supports the 

view that inflammation plays a role in colon carcinogenesis. 
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Table 4-1. Prevalence of selected characteristics according to psoriasis diagnosis, 
IWHS/Medicare, 1991-2004* 
 

Psoriasis   
Characteristics, 
 Mean (SD) or frequency (%) 

No 
N=32,191 
(97.8%) 

Yes  
N=719 (2.2%) 

Mean age at the start of follow-up (y) (SD) 68.1 (3.22)  67.8 (3.04)  
BMI categories in 1986 (kg/m2) 

<24.9 
25-30 
≥30 

 
39.5 
37.3 
23.2 

 
41.3 
33.4 
25.3 

WHR tertiles in 1986 
≤0.807 
0.808-0.880  

    ≥0.881 

 
33.9 
33.6 
32.5 

 
29.9 
34.7 
35.4 

Education in 1986 (%) 
Less than high school  
High school  
More than high school  

 
19.6 
42.2 
38.1 

 
17.9 
38.2 
43.9 

Smoking in 1986 (%) 
Never 
Former 
Current 

 
67.6 
18.6 
13.8 

 
53.1 
25.0 
22.0 

Pack-years 40+ in 1986 (%) 7.8 15.0 
Alcohol intake in 1986 
Never (%) 
<4 g/day (%) 

  ≥4 g/day (%) 

 
56.9 
23.6 
19.5 

 
52.8 
22.4 
24.8 

Regular physical activity in 1986 (yes) (%) 42.1 36.3 
Oral contraceptives in 1986 (yes) (%) 18.7 19.7 
HRT, ever ** (%) 43.9 48.3 
Diabetes, ever ** (%) 14.8 19.3 
Heart disease, ever ** (%) 13.4 14.6 
High blood pressure, ever** (%) 42.2 45.9 
History of aspirin use, ever † (%) 71.9 73.5 
 
*A person was included if she had at least one month of part A, part B and fee-for-service, resided in Iowa 
at the start of follow-up, and was free of cancer at the start of her follow-up. 
** Up to the start of follow-up.  
† Questions about aspirin were asked in 1992.
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Table 4-2. Associations between psoriasis and risk of total cancer and cancers of breast, lung, and colon, IWHS/Medicare, 1991-2006 
 

HR# (95%CI), 
age-adjusted 

HR# (95%CI), 
multivariate-
adjusted* 

HR#  (95%CI), 
multivariate-
adjusted* 

HR#  (95%CI), 
multivariate-
adjusted* 

 p-
trend
*** 

 
 
Incident 
cancer 

 
 
Psoriasis 

 
 
Number 
of 
cancers 

 
 
Person-
years 

 
Incidence 
rate per 
1,000, age-
adjusted 

Psoriasis† vs no 
psoriasis 

Psoriasis† vs no 
psoriasis 

Mild ††psoriasis 
vs no psoriasis 

Severe‡  psoriasis  
vs no psoriasis 

 

Total no 6,346 380,451 16.11 ref ref ref ref  
 yes    142     8,729 17.23 1.18 (0.97; 1.43) 1.12 (0.92; 1.36) 1.10 (0.89; 1.36) 1.17 (0.77; 1.78) 0.25 
Breast** no 2,037 402,199 5.06 ref ref ref ref  
 yes      29     5,477 5.29 1.01 (0.70; 1.46) 1.04 (0.71; 1.51) 1.06 (0.70; 1.60) 0.95 (0.39; 2.28) 0.91 
Lung no    722 414,074 1.74 ref ref ref ref  
 yes      20     5,703 3.48 1.93 (1.23; 3.01) 1.27 (0.81; 1.99) 1.35 (0.82; 2.22) 1.01 (0.37; 2.70) 0.42 
Colon no    925 411,031 2.22 ref ref ref ref  
 yes      22     5,637 3.90 1.61 (1.06; 2.46) 1.57 (1.02; 2.42) 1.48 (0.90; 2.44) 1.94 (0.80; 4.67) 0.03 

 
# HR- hazard ratio. 
*Adjusted for age at the start of follow-up, BMI, education, smoking status, pack-years, physical activity, and history of HRT use.  
** Additionally adjusted for number of live births.  
† Psoriasis was defined as 2+ claims from any Medicare file or 1+ dermatology claim. 
‡ Severe psoriasis was defined as 4+ dermatology claims per any year.   
††Mild psoriasis was defined as all psoriasis cases excluding cases of serious psoriasis. 
*** Test for trend across psoriasis groups was calculated by putting a psoriasis severity variable (0 – no psoriasis, 1 – mild, 2 – severe psoriasis) as continuous 
into the model.  
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Table 4-3. Sensitivity analyses: associations between psoriasis and risk of total cancer and 
cancers of breast, lung, and colon, IWHS/Medicare, 1991-2006 
 

Incident 
cancer 

Psoriasis Multivariate-adjusted*HR (95%CI),  

  

Women who had 
≤ 2 years of follow-up 

were excluded 

Women who had 
≤ 5 years of follow-up 

were excluded 

Women who had 
2+ psoriasis claims 

Total no ref ref ref 
 yes 1.14 (0.94;1.39) 1.20 (0.97; 1.48)  1.13 (0.91; 1.40) 
Breast** no ref ref ref 
 yes 1.05 (0.71; 1.53) 1.04 (0.68; 1.58) 1.06 (0.69; 1.61) 
Lung no ref ref ref 
 yes 1.26 (0.80; 1.99) 1.38 (0.84; 2.22) 1.10 (0.65; 1.87) 
Colon no ref ref ref 
 yes 1.56 (1.00; 2.43)       1.84 (1.18; 2.87) 1.42 (0.85; 2.36) 

 
*Adjusted for age at the start of follow-up, BMI, education, smoking status, pack-years, physical activity, 
and HRT.  
** Additionally adjusted for number of live births.  
 
 
 
 
Table 4-4. Association of psoriasis with colon cancer: stratification by age at the start of follow-
up and time between baseline in 1986 and the start of follow-up, IWHS/Medicare, 1991-2006 
 

 Psoriasis HR (95%CI), 
multivariate-adjusted*  

Full cohort no ref 
 yes 1.57 (1.02; 2.42) 

Stratification by age at the start of follow-up  
Less than 68 y no Ref 
 yes 1.39 (0.77; 2.54) 
Greater or equal to 68 y  no Ref 
 yes 1.74 (0.93; 3.27) 

Stratification by time between baseline (1986) and the start of follow-up 
Less than 5 y no Ref 
 yes 1.64 (0.92; 2.91) 
Greater or equal to 5 y no Ref 
 yes 1.77 (0.91; 3.43) 

 
*Adjusted for age at the start of follow-up, BMI, education, smoking status, pack-years, physical activity, 
and history of HRT use.  
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Chapter 5.   SUMMARY 

A.  SUMMARY OF RESULTS 

An association between chronic inflammation and cancer has been investigated 

extensively over recent decades but neither a causal effect nor the mechanism of the 

association has been firmly established. It is unclear whether chronic inflammation is a 

cause of cancer, whether an association exists due to similar underlying mechanisms 

(genetic and environmental) for inflammation and cancer, or whether inflammation is a 

result of tumor growth. To address these questions, we examined three hypotheses about 

the role of inflammation in incident cancers in two large population-based prospective 

cohorts.  

In the first manuscript, we hypothesized that increased levels of circulating acute-

phase reactants, which are markers of inflammation, such as WBC, fibrinogen, factor 

VIII, von Willebrand factor, and CRP (positive reactants) and decreased levels of 

albumin (a negative reactant) are associated with increased risk of subsequent colorectal 

cancer in a prospective cohort –ARIC. We found that after multivariate adjustment, there 

was a statistically significant association of two individual markers with CRC risk: 

fibrinogen, HR for the highest versus lowest quartile was 1.50 (95%CI, 1.05; 2.15) (p-

trend across quartiles was 0.03), and CRP, HR=1.97 (95%CI, 1.13; 3.43) (p-trend=0.02). 

There was also a positive association with a joint inflammation Z score: HR =1.65 

(95%CI, 1.15; 2.35) for the highest versus lowest quartile (p-trend=0.01). We believe that 

studying these inflammatory markers as a group makes sense, since, precision may be 

enhanced and, although markers may affect cancer risk via different pathways, they are 



 

 126

all indicators of inflammation. To our knowledge, no previous studies have examined a 

joint inflammation score in relation to incident cancers. 

The second manuscript hypothesized that the frequency of NSAIDs use was 

inversely associated with incident ovarian and endometrial cancers in the IWHS cohort of 

elderly women. We found that compared to women who reported no use of aspirin, the 

multivariate-adjusted hazard ratios of ovarian cancer for those who used aspirin less than 

2, 2-5 times, and 6 or more times per week were 0.83, 0.77 and 0.61, respectively (p-

trend=0.04). We did not observe an association between non-aspirin NSAIDs use and 

ovarian cancer risk. Neither did we find associations between aspirin or non-aspirin 

NSAIDs use and risk of endometrial cancer. 

The third manuscript examined whether or not elderly women (65+) suffering from 

an inflammatory autoimmune disease – psoriasis – have an increased risk of total, breast, 

lung, or colon cancers. We studied the IWHS cohort linked to Medicare. We observed a 

positive association between psoriasis and colon cancer risk: multivariate-adjusted 

HR=1.57 (95%CI, 1.02; 2.42) for those with versus without psoriasis. The association 

was stronger for serious than mild psoriasis. 

Findings from these studies give further support to the hypothesis that chronic 

inflammation plays role in colorectal and ovarian carcinogenesis. 

 

B.  MAIN STRENGTHS AND LIMITATIONS 

The three studies that we conducted have common strengths and limitations. Each 

of these studies had a prospective design, reliable ascertainment of cancer cases, and 
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detailed information about confounders. However, as in virtually all observational 

studies, residual confounding could not be excluded.  

There were some limitations regarding the ascertainment of exposure in each of 

these studies. The measurement of biomarkers in the ARIC study was generally reliable 

but markers were measured only once, which most likely attenuated observed 

associations with CRC. In addition, we used inflammatory markers already available in 

ARIC. They are sensitive but non-specific and could be induced by many different 

processes. Further, we did not have information on inflammatory cytokines or other 

related pathways. This precluded examining the mechanism of the association between 

markers and CRC risk. Additionally, our study had low power to conduct subgroup 

analyses for CRP, the most promising inflammatory marker for cancer. 

The main limitation of the second study was the absence of data on dosage and 

duration of NSAIDs use in IWHS, so we were not able to estimate whether the duration 

or dosage of aspirin was associated with reduced ovarian cancer incidence. Neither could 

we determine if any inverse association with aspirin remained after the participants 

stopped taking aspirin. Another important limitation is potential confounding by 

indication, which can be avoided in clinical trials only. 

In the third study, Medicare data was used to ascertain psoriasis. To our knowledge 

this is a first attempt to comprehensively ascertain psoriasis via Medicare claim data. As 

in our first study, ascertainment of exposure through Medicare was free from usual bias 

such as non-response or recall. However, Medicare data were created for billing purposes 

rather than for epidemiological research or enumeration. Further, information about 

psoriasis was available only for those 65+. Both of these issues could lead to 
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misclassification of psoriasis. Finally, no data about therapy for psoriasis are available in 

Medicare.  

 
C.  FUTURE DIRECTIONS 

Examining associations between inflammation and cancer is challenging 

particularly since cancers have long latent periods estimated at 10 years and longer. Thus, 

even prospective studies may suffer from reverse causality, and most clinical trials may 

be too short to replicate associations observed in cohort studies. Only recently a 

randomized trial with follow-up of more than 20 years and CRC as a primary outcome 

has corroborated a protective effect of aspirin on CRC risk, which had been detected in 

observational studies several decades ago 137. That clinical trial did not find associations 

with any other cancer including ovarian cancer, for which we observed an inverse 

association with aspirin, but the number of ovarian cancer cases in the trial was very low. 

Ideally, a large long-term randomized study is necessary to further investigate the effect 

of NSAIDs on ovarian cancer, but such a trial is unlikely to be mounted due to issues of 

cost and feasibility. Therefore, it is essential to examine an inverse association between 

aspirin use and ovarian cancer in large cohort studies with detailed information about 

frequency, dosage and duration of NSAIDs use collected at several follow-ups. If this 

association is confirmed in cohort studies, it will be of benefit to conduct clinical trials of 

shorter duration, using change in appropriate biomarkers for ovarian cancer as surrogate 

endpoints.  

To further investigate the link between inflammatory markers and cancers, it would 

be useful to examine whether or not associations exist for some other cancers in the 
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ARIC cohort, i.e. lung and breast cancer, which have been shown to be related to 

inflammation in some other studies 40,51. We will not be able to examine inflammatory 

markers in relation to ovarian cancer because of the small number of cases. 

Thus, our findings should be tested in other large prospective cohort studies that 

have repeated measurements of acute-phase reactants and additional markers that we do 

not have, such as inflammatory cytokines IL-1, IL-6 and TNF-α, which regulate the 

inflammatory response. Further, signaling from inflammatory cytokines is complicated 

and different biomarkers are interrelated, so a single marker, especially measured only 

once, cannot reflect the complex nature of inflammation. Using a score that combined 

several biomarkers seems promising because it can more accurately reflect systemic 

inflammation. The ultimate goal is to create a score that can predict CRC risk. This will 

be especially important for individuals, who do not undergo regular screening for CRC.  

Another way to investigate biomarkers in relation to cancers is to examine the 

associations of gene variants that increase blood level of CRP, IL-6 or other 

inflammatory biomarkers, with cancer. Since genes are allocated at birth, the associations 

between genes and cancer are free from confounding and reverse causality. A limitation 

of gene-association studies, as was indicated by studies of CRP, is the low proportion of 

CRP variance explained by polymorphisms 105,257. Therefore, very large studies will be 

needed to detect gene-cancer associations and replicate them in other populations.  

The intriguing association between psoriasis and cancers examined in our third 

study is in an initial stage of research. It is difficult to investigate the risk of site-specific 

cancers in psoriasis patients because both psoriasis and most cancers are rare diseases and 

large sample sizes are needed to get sufficient power. Recently, several cohorts of 
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psoriasis patients with detailed information about psoriasis treatment have been initiated 

258, which are expected to contribute to our understanding of the link between psoriasis 

and cancer. 

Findings from our studies do not have immediate clinical implications. They 

provide evidence that inflammation may play a role in the etiology of some cancers such 

as colon and ovarian cancer. This thesis is a step towards understanding cancer etiology, 

which is important for identifying high-risk groups and creating strategies for cancer 

prevention in the future. 
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Appendix: Dictionary of Abbreviations 
 
ADA  American Diabetes Association 
ARIC  Atherosclerosis Risk in Communities Study 
BMI  body mass index 
CI  confidence interval 
CMS  Centers for Medicare and Medicaid Services 
COX  cyclo-oxygenase  
CRC  colorectal cancer 
CRP  C-reactive protein  
CVD  cardiovascular disease 
DF  degrees of freedom 
FFQ  food frequency questionnaire 
HR  hazard ratio 
HRT  hormone replacement therapy 
ICD   International Classification of Diseases 
IFN  interferon  
IL   interleukin 
IWHS  Iowa Women’s Health Study 
MedPAR  Medicare Provider Analysis and Review Hospitalization 
NSAIDs nonsteroidal anti-inflammatory drugs  
NF-κB  nuclear transcription factor κappa β  
OR  odds ratio 
PPV  positive predictive value 
QC  quality control 
RNS  reactive nitrogen species  
ROS  reactive oxygen species 
SD  standard deviation  
SE  standard error 
SEER  Surveillance, Epidemiology and End Results  
SES  socio-economic status 
SIRs  standardized incidence ratios  
Th2   T-helper (cells) 
TNF-α  tumor necrosis factor-α  
TGF-β   transforming growth factor-β 
vWF  von Willebrand factor 
WBC  white blood cell count  
WHR   waist-to-hip ratio 
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