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Abstract 
 

Oxidative Stress, Gamma-tocopherol and Colorectal Adenoma 
By Dina Huang 

 
 

Background: 
Oxidative stress is considered both the initiator and promoter of colorectal carcinogenesis.  
In this study we examined the use of gamma-tocopherol, a major isoform of vitamin E, as 
an oxidative biomarker and assessed its association with incident, sporadic colorectal 
adenoma. We conducted these analyses because the blood levels gamma-tocopherol serve as 
a reflection of metabolic response to oxidative stress and inflammation rather than a 
reflection of vitamin E intake. We also extended our analyses by assessing the associations of 
gamma-tocopherol with oxidative balance score (OBS), and several other biomarkers of 
oxidative stress and inflammation including F2-isoprostanes (FIP), fluorescent oxidation 
products (FOP), and C-reactive protein (CRP).  
 
Methods:  
The research data were obtained from two previous case-control studies of incident, 
sporadic colorectal adenoma conducted several years apart using similar protocols in two 
different U.S. states.  Gamma-tocopherol levels were categorized into tertile intervals, and 
OBS was divided into three equal intervals. Gamma-tocopherol and biomarker levels were 
also dichotomized based on median values among controls. Unconditional logistic regression 
was used to calculate adjusted odds ratios (ORs) and corresponding 95% Confidence 
Intervals (95% CIs). 
 
Results:  
There were no significant associations between gamma-tocopherol (used as a continuous, 
dichotomized, or three-level variable) and incident, sporadic colorectal adenoma. In the 
analysis of the association between OBS and gamma-tocopherol, the OR for the middle vs. 
lowest OBS interval was 0.57 (95% CI: 0.31- 1.04), and the corresponding OR for the 
highest vs. lowest interval was 0.17 (95% CI: 0.07-0.41; P trend<0.001).  FIP was 
significantly associated with plasma concentrations of gamma-tocopherol; and adjusted ORs 
for the medium and high levels of gamma-tocopherol were 1.51 (95% CI: 0.79-2.87) and 
3.28 (95% CI: 1.58, 6.80) compared to low gamma-tocopherol concentration. None of the 
corresponding estimates for FOP and CRP were significantly different from the null value. 
 
Conclusion:  
Although gamma-tocopherol was not associated with colorectal adenoma directly, the 
significant associations between gamma-tocopherol and OBS/FIP indicate that gamma-
tocopehrol may be capable of reflecting oxidation levels.  A cohort study is needed to 
further evaluate this issue. 
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Oxidative Stress, Gamma-tocopherol and Colorectal Adenoma 

 

Introduction 
 

 

Oxidative stress is thought to be both an initiator and a promoter of carcinogenesis [1-3].  

Despite compelling biological evidence, epidemiologic studies on the associations 

between determinants of oxidative stress and cancer risk remain inconclusive.  An 

important challenge facing population-based studies of oxidative stress is the relative 

paucity of biomarkers that can accurately measure oxidation in humans. One biomarker 

that may serve this purpose is plasma gamma-tocopherol.  Gamma-tocopherol is an 

important isoform of vitamin E that acts as a potent dietary anti-oxidant.  More 

importantly, plasma concentration of gamma-tocopherol increases in response to 

inflammation and oxidative stress, and thus serves as a marker of these two closely 

related processes.  In this study, we assess the role of gamma-tocopherol, as a measure 

the oxidative stress burden and its relation to colorectal neoplasia.   

 

Oxidative stress and carcinogenesis 

 

Oxidative stress is defined as an imbalance between pro-oxidant and antioxidant factors 

in favor of the former resulting in overproduction of reactive oxygen species (ROS)[4].  

ROS may stimulate carcinogenesis by inducing mutations, damaging genomic DNA or 

disrupting cell cycle [4].  Oxidative stress is also closely associated with inflammation.  
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Inflammatory cells are characterized by excessive production of ROS [5, 6]. Conversely, 

mediators of inflammation including metabolites of arachidonic acid, cytokines and 

chemokines are overproduced in the presence of oxidative stress [7].  

A substantial body of evidence has supported the role of oxidative stress in initiation, 

promotion and progression of colon tumors [8]. Prolonged DNA damage initiated by 

oxidative stress results in arrest or induction of transcription, alteration of signal 

transduction pathways, replication errors and genomic instability, which are all associated 

with colon carcinogenesis [4].  In addition, colon cancer is closely associated with 

inflammation. Previous study has demonstrated that risk of colorectal cancer among 

patients with inflammatory bowel disease (e.g. ulcerative colitis) is 6 times higher than 

the corresponding risk in the general population [9].  Excessive production of ROS 

results in persistent inflammation and the injured cells tend to recruit inflammatory cells 

and continue to produce ROS [10, 11].  Hence, sustained ROS environment with 

inflammatory response aggravates prolonged cell injury and lead to colon carcinogenesis.  

 

Markers of oxidative stress and inflammation and their association with 

colorectal tumors 

 

The three markers previously examined in relation to both colorectal adenoma risk and 

OBS include F2-isoprostanes (FIP), fluorescent oxidative products (FOP) and C-reactive-

protein (CRP). 
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FIP are considered to be the most established biomarker of oxidative stress [12-14].  

However, FIP only measures lipid peroxidation and it does not take into account other 

aspects of oxidative damage  The methodology of measuring FIP is complicated by rather 

rigorous requirements for proper sample collection and storage to prevent in vitro 

oxidation.  This affects the use of FIP in large epidemiological studies with in-the-field 

sample collection [15-17]. 

Unlike FIP, which only measures lipid peroxidation and is relatively unstable, FOP is 

thought to be a global indicator of oxidative stress that is not affected by in vitro 

oxidation.  FOP measures byproducts of oxidation of lipids, proteins and DNA [18]. 

Historically, FOP has been used to measure oxidation in food, in animals and in vitro 

studies.  More recently, it was proposed as a novel global biomarker of oxidative stress 

for large epidemiological studies [16].  When interpreting FOP data, however, it is 

important to keep in mind that some products not related to oxidative stress can also 

generate fluorescence [17]. 

As oxidative stress is also closely related to inflammation, studies assessing biomarkers 

of oxidative stress also tend to include CRP.  Serum CRP levels increase in response to 

inflammatory stimuli and for this reason it is regarded as an established and reliable 

biomarker of inflammation [19, 20].   Recent studies demonstrate that markers of 

oxidative stress may also correlate with CRP.   
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Gamma-tocopherol  

 

Gamma-tocopherol, a major isoform of vitamin E, is a potent dietary antioxidant. 

Although gamma-tocopherol is the most common form of vitamin E in the American 

diet, plasma concentrations of gamma-tocopherol are only one tenth of the concentrations 

of alpha-tocopherol, which is another major isoform of vitamin E [21, 22]. 

Unlike alpha-tocopherol, which preferentially absorbed by α-tocopherol transfer protein 

(α-TTP), gamma-tocopherol does not have a specific transfer mechanism [23]. As most 

of the ingested alpha-tocopherol is found in plasma it serves as an indicator of vitamin E 

intake. By contrast plasma concentration of gamma-tocopherol is less influenced by 

dietary intake, but rather serves as a biomarker of endogenous levels of oxidative stress 

and inflammation.  

Both gamma-tocopherol and alpha-tocopherol function as anti-oxidants; however, only 

gamma-tocopherol and its metabolites possess anti-inflammatory properties [24, 25]. 

Although gamma- and alpha-tocopherol have similar ROS scavenging capacity [26, 27]; 

alpha-tocopherol is probably more important because its plasma levels are much higher.  

On the other hand gamma-tocopherol is more effective in capturing reactive nitrogen 

radicals [28] and nucleophilic oxidants such as peroxynitrite [29]. In addition to reacting 

with ROS and nitrogen species, gamma-tocopherol also reduces inflammation and 

inflammatory damage. It has been reported that gamma-tocopherol and its metabolites 

inhibit the activity of the cyclooxygenase enzyme, which mediates and further induces 

inflammation [30]. 
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A number of experimental biology studies argued that that it is the anti-inflammation 

rather than anti-oxidant properties of gamma-tocopherol and its metabolites that may help 

reduce colorectal cancer risk [31]. Others have shown that gamma-tocopherol may 

influence carcinogenesis by inhibiting cell proliferation of colon epitelium [32] and by 

downgrading cyclin D1 and cyclin E levels [32].  

 

Tocopherols and colon tumors in human population studies 

 

The epidemiological investigations of vitamin E intake showed weak or statistically non-

significant associations with colorectal tumors [33-35].  The studies that assessed the 

association between blood tocopherol levels and colon cancer were also inconsistent with 

predominantly null results [36-42].   

The data on the association between tocopherol levels and adenoma risk are scarce. One  

study compared plasma alpha- and gamma-tocopherol concentrations among 332 

colorectal adenoma patients and 363 sigmoidoscopy-confirmed controls [43].  Higher 

alpha-tocopherol and lower gamma-tocopherol levels were associated with decreased 

occurrence of large (at least 1 cm) but not small adenomas; however, the results were no 

longer statistically significant after adjusting for confounders.  A stronger and more 

consistent trend was observed when exposure of interest was expressed as alpha-

tocopherol-to-gamma-tocopherol ratio.  These results indicate that combined tocopherol 

exposure measures may serve as better predictor of decreased cancer risk than high 

plasma alpha-tocopherol alone.  
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Oxidative Balance Score 

 

As oxidative stress is thought to be important in the pathogenesis of colorectal tumors, it 

has been proposed that increased intake of antioxidants (not just tocopherols) may help 

prevent colorectal adenomas and cancer.  However epidemiological studies addressing 

this hypothesis reported weak and inconsistent associations [33, 34, 44-46].  One possible 

explanation for these results is the complex and multifactorial mechanisms by which pro- 

and anti-oxidants affect oxidative stress. Data indicate that a combination of several 

micronutrients can be more strongly associated with disease risk than any individual 

agent [47-49]. Previous studies have proposed to address this issue by calculating an 

oxidative balance score (OBS).  OBS is an indicator of oxidative stress-related exposures, 

which combines various pro- and antioxidant measures into single variable.  OBS was 

found to be associated with colorectal adenoma and with certain markers of oxidative 

stress [50, 51]; however, data on the associations between OBS and gamma-tocopherol 

and between gamma-tocopherol and colorectal tumors are lacking.  
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Methods 

Study population 

 

The current analysis used data from two previous case-control studies of incident, 

sporadic colorectal adenoma. The two studies were conducted by the same principle 

investigator (Dr. Roberd M. Bostick) in two different US states several years apart. 

Both studies were designed to investigate potential biomarkers of risk for incident, 

sporadic colorectal adenoma. The first study Markers of Adenomatous Polyps I (MAP I) 

was conducted in Winston-Salem and Charlotte, North Carolina [52, 53].  Participants for 

the second study Markers of Adenomatous Polyps II (MAP II) were recruited upon 

referral to Consultants in Gastroenterology, PA, a large private practice in Columbia, 

South Carolina [54, 55]. 

To be eligible for the MAP I or MAP II study, participants had to be English speaking, 

30-74 years of age, and capable to provide informed consent. Exclusion criteria for both 

studies were prior history of colorectal adenoma, inflammatory bowel disease, incident 

colorectal cancer and history of cancers other than non-melanoma skin cancer. 

 

Data collection and laboratory analyses 

 

Data collected for both MAP I and MAP II studies included demographic information, 

family history, life style and health behaviors, personal body characteristics, and use of 

medications such as aspirin and other nonsteroidal anti-inflammatory drugs (NSAID). 
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Dietary information was obtained from the modified 153 item Willett food frequency 

questionnaire [56, 57].  

Blood samples were collected, processed and handled to measure the concentration of 

pro- or anti-oxidants, FIP, FOP and CRP. The samples were drawn by cold vacutainer 

tubes and immediately placed on ice. Plasma and serum were separated in a refrigerated 

centrifuge and placed into O-ring-capped, amber-color cryopreservation vials. MAP I 

samples were filled with nitrogen in replacement of the air in the vials; MAP II samples 

were filled with argon. Vials were frozen at -70°C until analysis.  

High performance liquid chromatography was used to measure the concentrations of 

plasma lycopene, alpha-carotene, beta-carotene, lutein, beta-cryptoxanthin, alpha-

tocopherol and gamma-tocopherol as described elsewhere [58, 59]  Serum ferritin was 

measured by an antibody-based Roche immunoturbidimetric assay.  

Plasma free FIP was measured by gas chromatography-mass spectrometry [60],using 

deuterium(4)-labeled 8-iso-prostaglandin F2 alpha as an internal standard.  Unlabeled 

purified FIP was used as a calibration standard. 

FOP measurement procedure was modified from the Shimasaki’s method [61]. As 

described elsewhere [62], plasma samples were treated with ethanol-ether and mixed on a 

vortex mixer. The mixed solution was centrifuged for 10 minutes at 3000 rpm; 1.0mL of 

supernatant was added to cuvettes for spectrofluorometric readings. The result was 

expressed in relative fluorescence intensity units per milliliter of plasma at 360/430 nm 

wavelength [62].  The results of all samples were calculated against 1.0 ppm fluorescent 

reference standard quinine in 0.1 NH2SO4. In approximately one-fifth (22%) of the 
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samples FOP concentrations were measured by using serum because of the limited 

amount of plasma samples. In a subset analysis, which used both plasma and serum 

samples available, the two sets of FOP values were highly correlated (r=0.9;P<0.001).   

CRP was measured by latex-enhanced immunonephelometry on a Behring nephelometer 

II (BN-II) analyzer.  The interassay coefficient of variation (CV) for CRP was 4%. 

 

Oxidative Balance Score 

 

OBS was calculated by combining the information from a priori selected variables that 

reflect exposures to pro- and anti-oxidant factors. As described in previous studies [63], 

levels of micronutrient exposures were categorized as low, medium or high according to 

study-specific tertile values among controls. The micronutrients measured in plasma 

concentration included in OBS calculations were lycopene, alpha-carotene, beta-carotene, 

lutein, beta-crypotexanthin, alpha-tocopherol and serum ferritin.  Intakes of 

polyunsaturated fat and vitamin C were obtained from food frequency questionnaires.  

Variables expressing antioxidant exposures were assigned 0, 1, and 2 points, 

corresponding to the lowest, the middle and the highest tertile, respectively. Conversely, 

high pro-oxidant exposures were assigned 0 points, medium pro-oxidant exposures 

received 1 point and low pro-oxidant exposures received 2 points.  

For alcohol exposures (measures as number of weekly drinks), heavy drinkers (above 

median), moderate drinkers (below median) and never drinkers were assigned 0, 1, 2 

points respectively. Smoking was categorized as current, former and never and assigned 
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0, 1, and 2 points respectively. For selenium supplements, and aspirin and NSAID use, no 

regular use was assigned 0 points, unknown or missing information received 1 point, and 

regular use was assigned 2 points. The overall OBS score for each participant was 

calculated by summing the corresponding points. 

 

Statistical analysis 

 

Plasma gamma-tocopherol, the main biomarker of interest in the presents analysis, and 

OBS (the main exposure variable) were treated as continuous as well as ordinal variables.  

When treated as an ordinal variable, the OBS distribution was divided into approximately 

equal intervals, whereas gamma-tocopherol levels were divided into tertiles  

We used unconditional logistic regression to assess the associations between the OBS and 

incident, sporadic adenoma adjusted for age, race, sex, total energy intake, body mass 

index (BMI), plasma cholesterol, hormone replacement therapy (among women), 

physical activity, dietary fiber intake, and family history of colorectal cancer in a first 

degree relative.  We then assessed the associations between gamma-tocopherol and the 

OBS after adjusting for the same potential confounders as in the first model.  Next we 

examined the association between gamma-tocopherol and adenoma controlling for the 

same covariates. As the candidate of oxidative stress biomarker, gamma-tocopherol was 

dichotomized based on the study- and sex-specific medians among the controls. 
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Finally, we assessed the associations between gamma-tocopherol and other biomarkers of 

oxidative stress (FIP and FOP), controlling for potential confounders. The association 

between gamma-tocopherol and the marker of inflammation (CRP) was also assessed. 

The results of logistic regression analyses were expressed as adjusted odds ratios (ORs) 

and 95% confidence intervals (CIs). All models were assessed for collinearity and 

goodness of fit.  Statistically significance was defined as a two-sided P value of less than 

0.05.  SAS version 9.4 (SAS Institute) was used to perform all analyses. 

 

Results 

 

There were 140 cases and 207 controls in the pooled MAP studies that had data on 

gamma-tocopherol, covariates and all OBS components. Demographic information and 

some of the characteristics of participants are shown in Table 1.  Although cases included 

higher proportion of males (54% vs. 37% in controls) in terms of other basic 

demographic factors and health behaviors, cases and controls did not differ significantly 

in the pooled MAP data.  Plasma α-carotene and β-carotene levels were significantly 

lower in cases, whereas plasma gamma-tocopherol was significantly lower among 

controls.  FIP, FOP and CRP levels were similar in cases and controls. 

The OBS ranged from 2 to 24.  As shown in table 2, when treating OBS as a continuous 

variable, the higher score was inversely associated with colorectal adenoma (OR= 0.92, 

95% CI: 0.87-0.99).  After dividing OBS into equal intervals and using the lowest 

interval as the reference category, the OR (95% CI) estimates for the middle and the 
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highest OBS interval were 0.75 (0.42-1.33) and 0.31 (0.14-0.73), respectively (P trend 

<0.01).  

There were no significant associations between gamma-tocopherol (used as a continuous, 

dichotomized, or three-level variable) and incident, sporadic colorectal adenoma (Table 

3).  In the analysis assessing the association between OBS and high (above median) 

gamma-tocopherol level (Table 4), a one-point in the OBS score was associated with a 

11% decrease in the likelihood of having high gamma-tocopherol (OR= 0.89, 95% CI: 

0.83-0.96).  In the analyses that divided OBS into three intervals the OR for the middle 

vs. lowest OBS interval was 0.57 (95% CI: 0.31- 1.04), and the corresponding OR for the 

highest vs. lowest interval was 0.17 (95% CI: 0.07-0.41; P trend<0.001).  

In the final analysis, we assessed the associations of established markers of oxidative 

stress and inflammation with gamma-tocopherol.  FIP was significantly associated with 

plasma concentrations of gamma-tocopherol; the adjusted ORs were 2.24 (95% CI: 1.27-

3.94, P value: 0.0055). When gamma-tocopherol levels were divided into tertiles, the 

adjusted ORs for the medium and high levels of gamma-tocopherol were 1.51 (95% CI: 

0.79-2.87) and 3.28 (95% CI: 1.58, 6.80) compared to low gamma-tocopherol 

concentration. None of the corresponding estimates for FOP and CRP were significantly 

different from the null value. 
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Discussion 

 

Based on previous studies, we hypothesized that gamma-tocopherol can serve as a 

biomarker of oxidative stress and may be significantly associated with incident, sporadic 

colorectal adenoma and with pro- and antioxidant exposures combined into a single score 

(OBS). The results of our analyses indicated no association between gamma-tocopherol 

and colorectal adenoma, while OBS was inversely associated with both gamma-

tocopherol and adenoma. The oxidative stress biomarker FIP was positively associated 

with gamma-tocopherol; however, another biomarker FOP and inflammation biomarker 

CRP were not associated with gamma-tocopherol. 

The lack of significant association between gamma-tocopherol and colorectal adenoma is 

in agreement with other epidemiologic studies that on balance failed to identify a clear 

link between various tocopherol isomers antioxidants and colorectal neoplasia [42, 45, 

64, 65].  A possible explanation is that individual determinants may be involved in 

complicated biological processes involving complex interactions of multiple pro- / anti-

oxidant factors [66].  Because it is difficult to identify the effect of a single determinant, 

we and others have used OBS as a combined measure of various oxidative stress-related 

exposures [51, 63, 67, 68].  

Although gamma-tocopherol was not associated with colorectal adenoma, the strong and 

inverse association between gamma-tocopherol and OBS suggested that gamma-

tocopherol may indeed serve as a measure of oxidative stress. Two previous studies also 
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reported that OBS was strongly and inversely associated with FIP, a marker of lipid 

peroxidation [63, 67]. 

 FIP is considered to be the “gold standard” measure of oxidative stress and FIP was 

reported to be positively associated with colorectal adenoma[63]. The correlation 

between gamma-rocopherol and  FIP may be explained by high solubility of gamma-

tocopherol in blood lipid or by increase in gamma-tocopherol specifically in response  to  

lipid peroxidation[69].  

As a biomarker of inflammation, CRP has been linked to oxidative stress [70] and, in at 

least on previous study, found to be associated with plasma gamma-tocopherol levels 

[71].  By contrast, our study found little evidence that gamma-tocopherol level was 

positively associated with serum CRP.  The lack of significant association between 

gamma tocopherol and CRP in our study suggests that these two biomarkers may reflect 

different aspects of the inflammation-oxidative stress pathway.  

A distinguishing feature of this study was the use gamma-tocopherol as a previous 

unexplored biomarker that may explain the relationship between OBS and colorectal 

adenoma.  Another strength of the study is the use of biomarkers rather than 

questionnaires to measure OBS components.  Food frequency questionnaires may be 

subject to recall bias while plasma measures serve as better estimates of nutrient intake, 

absorption and metabolism [72]. 

Perhaps the most important limitations of the current study are the high proportion of 

subjects with missing information and the relatively low response rates.  In addition the 

association between OBS and markers of oxidative stress was assessed in a cross-
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sectional fashion using the same samples. Prospective follow up studies may be needed to 

more clearly understand the relationship between oxidative stress-related exposures and 

the outcomes of interest. 

In conclusion, our analysis suggests that blood gamma-tocopherol levels are strongly 

associated with pro- and anti-oxidant exposures and correlate with blood levels of FIP. 

However, gamma-tocopherol was not independently associated with colorectal adenoma. 

As endogenous factors such as antioxidant enzyme activity may greatly affect oxidative 

balance [4], future studies should take into consideration various oxidative stress-related 

genetic, epigenetic and phenotypic characteristics that may contribute to the oxidative 

stress and to the development and progression of colorectal neoplasia. 
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Tables 
Table 1.  Characteristics of participants in the MAP I and MAP II case-control studies of incident, sporadic colorectal adenoma 

a. P<0.01, T test for continuous variables or χ² test for categorical variables 
b. P<0.05, T test for continuous variables or χ² test for categorical variables 
c. Family history in a first-degree relative 
d. PUFA, abbreviation for polyunsaturated fatty acid 
e. Total contains dietary and supplemental intake 
f. Average standard reference adjusted 

Characteristics of study participants 

MAP I 
 

MAP II 
 

Pooled analysis 

Cases(n=106) Controls(n=113) 
 

Cases(n=34) Controls(n=94) 
 

Cases(n=140) Controls(n=207) 
mean (SD) or % mean (SD) or % 

 
mean (SD) or % mean (SD) or % 

 
mean (SD) or % mean (SD) or % 

Age, y 57.5 (8.9) 56.4 (10.4) 
 

55.3 (7.2) 55.6 (7.8) 
 

57.0 (8.6) 56.0 (9.3) 
Male (%) 53.8 31.0a 

 
55.9 43.6 

 
54.3 36.7a 

BMI, kg/m² 27.7 (6.1) 27.1 (5.5) 
 

28.5 (5.2) 28.6 (6.7) 
 

27.9 (5.9) 27.8 (6.1) 
Physical activity, MET-hours/week 216.8 (144.6) 195.1 (128.9) 

 
168.0 (117.9) 173.0 (126.1) 

 
204.9 (139.8) 185.1 (127.8) 

Family history of colorectal cancerc (%) 18.9 34.5a 
 

20.6 20.2 
 

19.3 28.0 
HRT user (women only; %)  63.0 54.0 

 
78.6 70.6 

 
66.7 60.6 

Regularly take an NSAID (%) 21.7 34.5b 
 

32.4 34.0 
 

24.3 34.3 
Regularly take aspirin (%) 34.9 35.4 

 
47.1 42.6 

 
37.9 38.7 

Current smoker (%) 34.0 18.6 
 

23.5 12.8 
 

31.4 15.9 
Current drinker (%) 42.5 41.6 

 
76.5 54.3b 

 
50.7 47.3 

Dietary intakes per day 
          Total energy, kcal 2064.9 (861.0) 2177.1 (2456.4) 

 
1837.0 (754.4) 1642.9 (641.8) 

 
2009.6 (839.5) 1934.5 (1880.9) 

  Total PUFAd, gm 14.0 (6.4) 14.4 (14.3) 
 

15.6 (8.8) 14.1 (10.3) 
 

14.4 (7.1) 14.3 (12.6) 
  Dietary fiber, gm 22.9 (9.4) 25.7 (26.2) 

 
16.6 (6.6) 15.4 (6.7) 

 
21.3 (9.2) 21.0 (20.5) 

  Totale vitamin C, mg 281.6 (386.8) 296.5 (341.5) 
 

236.5 (269.5) 294.7 (366.5) 
 

270.7 (361.4) 295.7 (352.2) 
Plasma levels 

          Plasma lycopene, µg/dL 26.5 (14.2) 25.8 (13.3) 
 

22.1 (11.5) 25.0 (11.3) 
 

25.4 (13.7) 25.4 (12.4) 
  Plasma α-carotene, µg/dL 2.8 (2.9) 3.6 (4.8) 

 
2.6 (2.6) 3.6 (3.2) 

 
2.8 (2.8) 3.6 (4.1)b 

  Plasma β-carotene, µg/dL 15.4 (22.5) 16.6 (16.1) 
 

12.4 (11.3) 16.5 (12.9) 
 

14.7 (20.4) 16.5 (14.7) 
  Plasma lutein, µg/dL 16.8 (7.1) 18.2 (10.3) 

 
17.6 (6.1) 15.9 (6.3) 

 
17.0 (6.8) 17.1 (8.8) 

  Plasma β-cryptoxanthin, µg/dL 6.0 (4.7) 6.8 (5.7) 
 

6.0 (4.0) 8.1 (7.2) 
 

6.0 (4.5) 7.4 (6.4)b 
  Plasma α-tocopherol,  mg/dL 1.2 (0.5) 1.1 (0.5) 

 
1.1 (0.3) 1.2 (0.5) 

 
1.1 (0.5) 1.2 (0.5) 

  Plasma γ-tocopherol, mg/mL 236.7 (111.7) 226.8 (114.7) 
 

209.3 (114.5) 181.9 (92.5) 
 

230.1 (112.6) 206.4 (107.3)b 
  Plasma ferritin,  mg/dL 147.3 (135.8) 146.1 (183.1) 

 
141.6 (108.0) 130.1 (126.2) 

 
145.9 (129.2) 138.8 (159.7) 

Plasma total cholesterol, mg/dL 203.6 (36.2) 207.5 (40.6) 
 

196.3 (33.1) 200.8 (40.3) 
 

201.8 (35.5) 204.4 (40.5) 
Biomarker levels 

          FIP, pg/mL 91.8 (38.4) 87.9 (36.1) 
 

74.9 (25.2) 77.6 (28.8) 
 

88.0 (36.5) 83.8 (33.7) 
  FOP, avg. std. ref. adj.f 0.06 (0.14) 0.05 (0.18) 

 
0.03 (0.01) 0.04 (0.01) 

 
0.05 (0.12) 0.05 (0.13) 

  CRP, µg/mL 5.8 (5.6) 7.5 (23.4)   3.8 (4.9) 4.6 (6.1)   5.3 (5.5) 6.2 (17.8) 



24 
 

 

Table2. Association between OBS and incident, sporadic colorectal adenoma 

  Cases (n) Controls (n)   OR (95% CI)a P  

OBS without g-t (range,2-24) 
       Interval 1(OBS,2-9) 44 43 

 
1.00 <0.01 

  Interval 2(OBS,10-16) 82 115 
 

0.75 (0.42-1.33) 
   Interval 3(OBS,17-24) 14 49 

 
0.31 (0.14-0.73) 

 
      OBS as continuous variable 140 207   0.92 (0.87-0.99) 0.01 

a. Adjusted for age, race, sex, BMI, total energy intake, plasma cholesterol, family history in a first-degree 
relative, hormone replacement therapy(among women), dietary fiber, physical activity, and study (MAPI 
or MAPII). 
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Table3. Associations of γ-tocopherol with incident, sporadic colorectal adenoma 

Biomarker Cases (n) Controls (n)   OR (95% CI)c P  

γ-tocopherol (continuous)  140 207   1.00 (1.00-1.01) 0.06 

            

γ-tocopherol (tertile)a           

   interval 1 (<156 mg/mL) 44 73 
 

1.00 0.15 
   interval 2 (156-241,mg/mL) 41 74 

 
0.85 (0.47-1.53) 

    interval 3 (>241 mg/mL) 55 60 
 

1.60 (0.85-3.01) 
 

      γ-tocopherol (dichotomized)b           

   low 67 105 
 

1.00 0.54 
   high  73 102   1.17 (0.71-1.92)   
a. γ-tocopherol intervals are categorized using tertile values. 
b. γ-tocopherol was dichotomized according to study- ,sex-specific median among controls. 
c. Adjusted for age, race, sex, BMI, total energy intake, plasma cholesterol, family history in a first-degree 
relative, hormone replacement therapy (among women), dietary fiber, physical activity, and study (MAPI 
or MAPII). 
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Table4. Associations between OBS and γ-tocopherol 

 OBS  
  γ-tocopherola       

Low High   OR (95% CI)b P  

         interval1 (OBS,2-9) 36 51 
 

1.00 <0.001 
   interval2 (OBS,10-16) 93 104 

 
0.57 (0.31-1.04) 

    interval3 (OBS,17-24) 43 20 
 

0.17 (0.07-0.41) 
    continuous  172 175   0.89 (0.83-0.95) <0.001 

a. γ-tocopherol was dichotomized according to study- ,sex-specific median among controls. 
b. Adjusted for age, race, sex, BMI, total energy intake, plasma cholesterol, family history in a first-degree 
relative, hormone replacement therapy (among women), dietary fiber, physical activity, and study (MAP I 
or MAPII). 
 
 
 
 
 
 
 
  



27 
 

 

Table 5.  Association between γ-tocopherol and Biomarkers of Oxidative Stress and 
Inflammation  

Gamma-tocopherol levelc Biomarkersa OR (95% CI)d P-value 

Highb Lowb 
  

 
FIP 

   tertile     interval 1 (<156 mg/mL) 34 53 
 

1.00 0.0015 

                interval 2 (156-241, mg/mL) 52 43 
 

1.51 (0.79-2.87) 
 

                interval 3 (>241 mg/mL) 73 24 
 

3.28 (1.58-6.80) 
 

dichotomized      low 59 76 
 

1.00 0.0055 

                               high 100 44 
 

2.24 (1.27-3.94) 
 

continuous(log transformed) 159 120 
 

2.58 (1.42-4.69) 0.0019 

  FOP 
 

    

tertile     interval 1 (<156 mg/mL) 60 52 
 

1.00 0.86 

                interval 2 (156-241, mg/mL) 58 48 
 

0.95 (0.53-1.68) 
                 interval 3 (>241 mg/mL) 62 44 

 
0.95 (0.51-1.77) 

 dichotomized      low 87 73 
 

1.00 0.72 

                               high 93 71 
 

0.91 (0.56-1.50) 
 continuous(log transformed) 180 144 

 
1.01 (0.62-1.67) 0.96 

  CRP 
   tertile     interval 1 (<156 mg/mL) 49 68 
 

1.00 0.35 

                interval 2 (156-241, mg/mL) 67 48 
 

1.64 (0.92-2.92) 
                 interval 3 (>241 mg/mL) 71 44 

 
1.31 (0.70-2.45) 

 dichotomized      low 81 91 
 

1.00 0.89 

                               high 106 69 
 

1.04 (0.63-1.70) 
 continuous(log transformed) 187 160 

 
1.52 (0.92-2.52) 0.10 

a.  Biomarkers were dichotomized according to study- ,sex-specific medians among controls. 
b.  Total numbers of participants differ because of missing biomarker data.  
c.  Three-intervals γ-tocopherol category is based on tertile values, dichotomized γ-tocopherol category is 
based on study- ,sex-specific median among controls.  
d.  Adjusted for age, race, sex, BMI, total energy intake, plasma cholesterol, family history in a first-degree 
relative, hormone replacement therapy (among women), dietary fiber, physical activity, and study (MAPI 
or MAPII). 

 


