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Introduction

DNA methylation is an epigenetic event that may lead to cancer 
and other human diseases by altering gene expression. Global DNA 
hypomethylation and gene-specific hypermethylation are the two 
types of DNA methylation changes often implicated in carcino-
genesis.1 Global DNA hypomethylation often occurs in repetitive 
elements of the genome such as long interspersed repeat sequences 
(LINE-1) and is associated with genomic instability and chromo-
some abnormalities.2,3 Gene-specific methylation occurs at specific 
regions of the gene such as gene promoters and can either silence or 
activate the gene.4 An increasing number of studies have reported a 
reduced level of global DNA methylation in the peripheral blood of 
cancer patients compared with that of healthy controls.5-10 Studies 
also found cancer-related genes are hypermethylated or hypo-
methylated in the white blood cells of cancer patients.11-16 These 
data suggest that global DNA hypomethylation and gene-specific 
methylation may serve as epigenetic markers for cancer risk.

Altered levels of global DNA methylation and gene silencing through methylation of promoter regions can impact 
cancer risk, but little is known about their environmental determinants. We examined the association between lifestyle 
factors and levels of global genomic methylation and IL-6 promoter methylation in white blood cell DNA of 165 cancer-
free subjects, 18–78 years-old, enrolled in the COMIR (Commuting Mode and Inflammatory Response) study, New York, 
2009–2010. Besides self-administrated questionnaires on diet and physical activity, we measured weight and height, 
white blood cell (WBC) counts, plasma levels of high sensitivity C-reactive protein (hs-CRP), and genomic (LINE-1) and 
gene-specific methylation (IL-6) by pyrosequencing in peripheral blood WBC. Mean levels of LINE-1 and IL-6 promoter 
methylation were 78.2% and 57.1%, respectively. In multivariate linear regression models adjusting for age, gender, race/
ethnicity, body mass index, diet, physical activity, WBC counts and CRP, only dietary folate intake from fortified foods was 
positively associated with LINE-1 methylation. Levels of IL-6 promoter methylation were not significantly correlated with 
age, gender, race/ethnicity, body mass index, physical activity or diet, including overall dietary patterns and individual 
food groups and nutrients. There were no apparent associations between levels of methylation and inflammation markers 
such as WBC counts and hs-CRP. Overall, among several lifestyle factors examined in association with DNA methylation, 
only dietary folate intake from fortification was associated with LINE-1 methylation. The long-term consequence of folate 
fortification on DNA methylation needs to be further evaluated in longitudinal settings.
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As aberrant DNA methylation is associated with cancer and 
other human diseases, there are growing interests in determining 
how environmental exposures may affect patterns of DNA meth-
ylation. Previous studies found older monozygotic twins were 
more diverse in DNA methylation patterns than were younger 
monozygotic twins.17 There is also evidence that DNA methyla-
tion patterns in individuals change over time,18 supporting aging 
and/or external environment factors affecting DNA methylation. 
However, which environmental exposures, among many that 
individuals are exposed to over the life course, affect patterns of 
DNA methylation remains elusive.

Chronic inflammation constitutes an important mechanism 
for cancer.19 The specific pathways by which inflammation causes 
cancer are not fully understood. Interleukin (IL-6) is a pro-
inflammatory cytokine released by inflammatory cells and can 
activate intracellular transcription factors leading to tumorigen-
esis. There are some suggestions that IL-6 may stimulate tumor 
proliferation by altering patterns of DNA methylation,20-22 and 
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gender, race/ethnicity, adherence to physical activity guidelines, 
alcohol drinking, WBC counts and plasma levels of hs-CRP were 
not associated with LINE-1 or IL-6 methylation.

Discussion

In a study of 165 cancer-free adults aged 18–78 y, we examined 
levels of WBC global methylation and promoter methylation of 
IL-6 in association with demographic and behavioral risk factors 
such as diet and physical activity as well as inflammation mark-
ers. We found a positive association between dietary folate intake 
from fortified foods and WBC LINE-1 methylation.

Demographic variables such as age, gender and race/ethnicity 
have been proposed to affect global DNA methylation. The over-
all impact of aging on methylation has been suggested to reduce 
the global level of genomic DNA methylation.24 Age, as a sur-
rogate measure for the aging process or environmental exposure 
over the life course, has been examined in association with WBC 
LINE-1 methylation in several studies. Most studies, however, 
do not support an age-dependent effect of WBC LINE-1 meth-
ylation.25 In this young population (mean age = 29.4 y), we did 
not find a significant association between age and WBC LINE-1 
methylation. Because the study population is relatively young, 
the lack of an age-dependent effect of LINE-1 methylation could 
be due to the overall young age. Others suggested that age may 
only account for a small proportion of the inter-individual varia-
tion of global methylation in humans.25

Several studies documented a significantly lower level of 
LINE-1 methylation in women than in men.25 Some suggested 
that women may have a higher folate requirement than men due 
to regular loss of red blood cells through menstruation.7 X chro-
mosome inactivation in women may also have depleted resources 
required for properly methylating autosomal loci.26 Or the dif-
ference could be due to the copy number variation in LINE-1 
in X and Y chromosomes.26 In this study population, however, 
levels of LINE-1 methylation did not differ by gender. Further 
analyses revealed that women reported a significantly higher level 
of dietary folate intake than did men (mean daily folate intake: 
44.2 vs. 35.4 μg/kJ/d, p = 0.005). The higher folate intake in 
women may have compensated the lower LINE-1 methylation 
associated with the female gender. We previously found a lower 
level of WBC LINE-1 methylation in non-Hispanic blacks and 
Hispanics as compared with non-Hispanics in cancer-free adults 
aged 45–75 y.27 However, findings on whether LINE-1 methyla-
tion differs by race/ethnicity have been inconsistent.25 We did 
not find a difference in LINE-1 methylation by race/ethnicity in 
this study. The impact of race/ethnicity on WBC global meth-
ylation warrants further investigation.

Nutrients that provide methyl-group donors such as folate, 
vitamin B

12
, vitamin B

6
 and methionine are important players 

in DNA methylation. In line with previous findings,7,9,28 we did 
not find dietary folate intake or dietary intake of other vitamins 
in one-carbon metabolism was associated with global methyla-
tion in WBCs. However, when different food sources of dietary 
folate were examined, we found a significantly higher level of 
LINE-1 methylation associated with higher dietary folate intake 

IL-6 production itself is regulated by methylation of the IL-6 
gene promoter.23 The association between inflammation and 
DNA methylation has not been well explored. In this study, we 
examined how lifestyles (diet and physical activity) were associ-
ated with global DNA methylation using LINE-1 methylation 
as a surrogate and promoter methylation of IL-6 in peripheral 
blood, as well as the association between inflammation markers 
and methylation.

Results

LINE-1 methylation and promoter methylation of IL-6 in white 
blood cells (WBC) were approximately normally distributed. 
Median and mean levels of LINE-1 methylation were 78.3% 
and 78.2%, respectively (range: 72.5–85%); for IL-6 promoter 
methylation, the median and mean levels were 55.9% and 57.1%, 
respectively (range: 33.4–96%).

Age, gender and race/ethnicity were not significantly associ-
ated with WBC LINE-1 methylation (Table 1). However, over-
weight or obese subjects (BMI ≥ 25 kg/m2) had a significantly 
lower level of WBC LINE-1 methylation than those with healthy 
weight (BMI < 25 kg/m2) (77.8 vs. 78.5%, p = 0.03). Mode of 
commute (car drivers vs. public transportation users), dietary pat-
terns (prudent and Western diets), adherence to USDA dietary 
guidelines, adherence to physical activity guidelines (2005 USDA 
Dietary Guidelines for Americans for physical activity or Meet 
Healthy People 2010 Guidelines) and alcohol drinking were not 
significantly associated with LINE-1 methylation. For promoter 
methylation of IL-6, among multiple study characteristics exam-
ined, only prudent dietary pattern was significantly associated 
with IL-6 promoter methylation in white blood cells. Subjects 
with a higher dietary score for the prudent diet had a lower level 
of IL-6 promoter methylation than those with a lower prudent 
diet score (57.1 and 62.3% for Q1 and Q2, and 54.5 and 55.8% 
for Q3 and Q4, p = 0.03).

When dietary intake of individual food groups and nutrients 
were examined, no significant correlations were found for lev-
els of LINE-1 methylation or IL-6 promoter methylation except 
that dietary intake of folate from fortified foods (such as break-
fast cereals) was positively correlated with LINE-1 methylation 
(Spearman r = 0.21, p = 0.007) (Table 2). No significant correla-
tions were found between DNA methylation patterns and levels 
of various physical activities including minutes per day of mod-
erate leisure-time physical activities, vigorous leisure-time physi-
cal activities, job-related light activities and sedentary activities 
(data not shown). Two inflammation markers, WBC counts and 
plasma levels of hs-CRP, were not significantly correlated with 
LINE-1 methylation or IL-6 promoter methylation (Figs. 1–4).

When study characteristics were examined in multivariate 
linear regression models, BMI was no longer significantly asso-
ciated with LINE-1 methylation but a higher dietary intake of 
folate from fortified foods was still positively associated with 
LINE-1 methylation (%) (Q3 vs. Q1, β = 1.60, 95% CI: 0.54, 
2.67; Q4 vs. Q1, β = 1.05, 95% CI: 0.002, 2.01, P

trend
 = 0.03). 

For IL-6 promoter methylation, there was no significant trend 
found. Consistent with findings from the univariate analysis, age, 
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form of folate used in fortification is more bioactive than the nat-
ural form in providing one-carbon units for DNA methylation. 
Folate fortification may have significantly increased the levels of 
global methylation in the general population. Studies investi-
gating the association between obesity and global WBC DNA 
methylation are limited. Most studies reported no associations 

from fortified foods (e.g., breakfast cereal) but not with folate 
intake from natural foods (e.g., leafy green vegetables). This 
finding is not surprising given that the National Health and 
Nutrition Examination Surveys (NHANES) found that blood 
folate levels have been substantially increased in the US popula-
tion after folate fortification was implemented.29 The synthetic 

Table 1. White blood cell LINE-1 methylation (%) and IL-6 promoter methylation (%) by study characteristics; New York, 2009–2010

LINE-1 methylation (%) IL-6 promoter methylation (%)

n Mean ± SD p value N Mean ± SD p value

Age, y ≤ 23 87 78.3 ± 2.2 83 56.6 ± 12.3

> 23 78 78.0 ± 1.9 0.39 74 57.7 ± 11.7 0.56

Sex Men 79 78.2 ± 2.3 75 57.4 ± 11.6

Women 86 78.1 ± 1.9 0.65 82 56.9 ± 12.4 0.77

Race/ethnicity Hispanic 40 78.4 ± 2.2 40 57.6 ± 13.2

Non-Hispanic white 68 78.2 ± 1.9 62 54.6 ± 11.4

Non-Hispanic black 23 77.7 ± 2.3 23 60.9 ± 10.9

Other 23 78.1 ± 2.3 0.71 22 57.0 ± 8.3 0.14

BMI, kg/m2 < 25 97 78.5 ± 2.0 90 56.3 ± 12.1

≥ 25 67 77.8 ± 2.0 0.03 66 58.4 ± 11.9 0.29

Mode of commute Car 72 78.0 ± 2.1 72 56.1 ± 11.8

Public transportation 93 78.3 ± 2.0 0.48 85 58.0 ± 12.1 0.35

Dietary patternsa

Prudent diet Q1 (< -0.7) 41 78.1 ± 2.3 40 57.1 ± 13.7

Q2 (≥ -0.7, < -0.3) 39 78.4 ± 2.1 35 62.3 ± 10.1

Q3 (≥ -0.3, < 0.5) 44 78.2 ± 1.4 39 54.5 ± 10.1

Q4 (≥ 0.5) 40 77.9 ± 2.4 0.81 42 55.8 ± 11.9 0.03

Western diet Q1 (< -0.6) 40 78.2 ± 1.8 35 58.1 ± 11.4

Q2 (≥- 0.6, < -0.2) 40 78.0 ± 2.2 41 57.1 ± 13.0

Q3 (≥ -0.2, < 0.4) 44 78.1 ± 1.9 40 57.2 ± 12.3

Q4 (≥ 0.4) 40 78.3 ± 2.4 0.90 40 57.0 ± 10.9 0.98

Dietary guideline adherence index (DGAI)b

Q1 (< 3.5) 36 78.3 ± 1.8 36 56.8 ± 11.3

Q2 (≥ 3.5, < 4.5) 36 77.9 ± 2.0 35 56.2 ± 11.5

Q3 (≥ 4.5, < 5.5) 49 78.3 ± 2.3 47 56.6 ± 11.3

Q4 (≥ 5.5) 43 78.1 ± 2.0 0.82 38 59.6 ± 13.4 0.60

Meet 2005 DGAI for physical activity

No 47 78.4 ± 1.8 46 56.7 ± 11.9

Yes 117 78.0 ± 2.2 0.33 110 57.6 ± 11.9 0.67

Meet Health People 2010 Guideline

No 79 78.4 ± 2.0 74 56.4 ± 12.5

Yes 85 78.0 ± 2.1 0.20 82 58.1 ± 11.3 0.35

Alcohol drinking, g/d

0 38 78.0 ± 2.6 37 56.5 ± 12.4

> 0, ≤ 15 25 78.5 ± 1.7 23 58.1 ± 12.2

> 15, ≤ 30 22 78.1 ± 1.3 19 60.6 ± 9.9

> 30 79 78.1 ± 2.1 0.81 77 56.6 ± 12.0 0.58
aDietary patterns were categorized into quartiles based on factor scores of each dietary pattern, with a higher quartile (e.g., Q4) corresponding to a 
higher adherence to a particular diet. bDAGI was categorized into quartiles with a higher score indicating a higher adherence to the dietary guidelines.
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job-related physical activities) nor adherence to physical activity 
guidelines was associated with LINE-1 methylation.

In addition to global WBC DNA methylation, gene-specific 
methylation of cancer-related genes such as tumor-suppressor 
genes has also been proposed as an epigenetic marker for can-
cer risk. Previous studies showed significant associations between 
gene-specific methylation and risks of breast and colon can-
cer.11-16 IL-6 is a prominent pro-inflammatory marker and the 
key inducer for CRP production. Promoter methylation of IL-6 
affects gene regulation and has been implicated in the pathogen-
esis of rheumatoid arthritis and other autoimmune diseases.23 
A previous study showed that IL-6 induced significant global 
LINE-1 hypomethylation as well as CpG promoter methylation 
of several tumor suppressor genes in oral cancer cells,21 suggest-
ing inflammation can potentially affect cancer risk by altering 
patterns of DNA methylation. However, the two inflammation 
markers measured in this study (i.e., WBC count and hs-CRP) 
were not associated with IL-6 promoter or LINE-1 methyla-
tion. Further studies are required to disentangle how methyla-
tion status may affect or be affected by inflammation. Our study 
detected a positive association between the second quartile of the 
prudent dietary pattern (Q2) and levels of IL-6 promoter meth-
ylation when comparing to the lowest quartile (Q1). A higher 
quartile of the prudent dietary pattern corresponds to a higher 
adherence to this pattern. However, the positive association was 
confined to the second quartile. The lack of associations for the 
third and fourth quartiles does not support a consistent effect of 
the prudent dietary pattern on IL-6 promoter methylation. The 
positive finding may only be due to chance.

Our study has limitations. We measured LINE-1 methylation 
as a surrogate for global DNA methylation by pyrosequencing; 
therefore, our results are not directly comparable to those assess-
ing other repetitive elements such as ALU or directly quantify-
ing global methyl-cytosine content. However, previous studies 
showed reasonable correlations between methylation at LINE-1 
and ALU elements and total methyl-cytosine content,32 and pyro-
sequencing has been used extensively to measure global DNA 
methylation with a good reliability.32 Nevertheless, it has not 
been established how adequately this surrogate marker reflects 
true genome-wide methylation levels. For the assessment of IL-6 
promoter methylation, the variability across the sites targeted 
within the promoter, as indicated by the coefficient of variation, 
may have reduced the robustness of the designed assay to capture 
the small differences to be expected within this setting. Although 
the difference in LINE-1 methylation associated with dietary 
folate intake from fortified foods detected in this study was small 
(~1%), a small difference in LINE-1 methylation has been sig-
nificantly associated with cancer and environmental exposures in 
previous studies in references 7, 28 and 33. We measured meth-
ylation in total WBC. Diseases, including cancer, may produce 
shifts in leukocyte populations, such as neutrophilia or lympho-
penia.34 Each lineage of white blood cells is methylated on dif-
ferent regions,35,36 and lineage specific differences may have been 
blurred if some cells become hypomethylated and others become 
hypermethylated. However, such methylation heterogeneity may 
be more likely to occur in the presence of leukocytosis, which is 

between BMI and global DNA methylation.30,31 Although we 
found a lower level of LINE-1 methylation in overweight/obese 
subjects, the association became statistically insignificant in mul-
tivariate regression models. We previously reported a positive 
trend of higher levels of LINE-1 methylation with higher levels 
of physical activity in a middle-aged cancer-free population, and 
the association became statistically insignificant after multivari-
ate adjustment.30 In this study, neither different types of physi-
cal activity (e.g., leisure-time, household physical activity and 

Table 2. Spearman correlation coefficients between daily consumption 
of foods/nutrients and levels of white blood cell LINE-1 methylation and 
IL-6 promoter methylation, New York, 2009–2010

LINE-1  
methylation

IL-6 promoter 
methylation

r p r p

Food groups1

Fruits total including juice, cup -0.15 0.05 0.05 0.54

Vegetables not including legumes/
potatoes, cup

0.003 0.96 -0.10 0.18

Dark green vegetables, cup -0.006 0.33 -0.10 0.22

Orange vegetables, cup -0.02 0.23 -0.04 0.61

Legumes and soy, 1-cup equiv. -0.08 0.07 -0.01 0.85

Potato, cup 0.07 0.15 -0.04 0.60

Other vegetables including  
tomatoes, cup

0.02 0.33 -0.11 0.19

Total grains, 1-oz. equiv. 0.10 0.19 -0.001 0.99

Whole grains, 1-oz. equiv. 0.07 0.37 -0.03 0.72

Meat, oz. -0.13 0.09 0.03 0.69

Nuts and seeds, 1-oz. equiv. 0.06 0.43 -0.07 0.36

Dairy, 1-cup equiv. -0.008 0.92 0.04 0.60

Oils, tsp. -0.05 0.55 -0.07 0.37

Nutrients

Protein, g/1,000 kJ -0.15 0.06 -0.03 0.73

Carbohydrate, g/1,000 kJ 0.07 0.34 -0.03 0.72

Fat, g/1,000 kJ 0.002 0.98 -0.04 0.66

Saturated fat, g/1,000 kJ 0.03 0.75 -0.03 0.68

Monounsaturated fat, g/1,000 kJ -0.01 0.88 -0.05 0.54

Polyunsaturated fat, g/1,000 kJ -0.007 0.93 -0.12 0.15

Dietary folate equivalents,  
µg/1,000 kJ

0.07 0.40 0.01 0.91

Dietary folate from natural foods, 
µg/1,000 kJ

-0.09 0.23 -0.08 0.31

Dietary folate from fortified foods, 
µg/1,000 kJ

0.21 0.007 0.08 0.30

Vitamin B-6, mg/1,000 kJ -0.02 0.80 0.04 0.59

Riboflavin, mg/1,000 kJ 0.06 0.45 0.05 0.52

Vitamin B-12, µg/1,000 kJ -0.05 0.49 0.09 0.25

Methionine, mg/1,000 kJ -0.13 0.11 0.03 0.71

1 cup or 1-cup equivalent (chopped vegetables and fruits) = 150 g; 1 oz 
or 1-oz equiv. (grains, meat, nuts and seeds) = 28.3 g; 1-cup equivalent 
(dairy) = 237 mL; 1 tsp (oils) = 4.93 mL.
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Studies with a larger sample size are needed to confirm our find-
ings. Finally, this study is cross-sectional. Further studies with 
a longitudinal design such as randomized intervention trails are 
required to suggest a causal relationship.

Overall, among several lifestyle factors examined in associa-
tion with DNA methylation, dietary folate intake from fortifica-
tion was the only one that showed a significant association with 
LINE-1 methylation. This may have important implications 
given that previous randomized controlled trials (RCTs) found 

rare in this young and healthy population. Infections, drugs and 
exercise are among the factors that can also impact WBC popu-
lations.25 While our subjects were generally healthy, unmeasured 
changes in specific WBC population could have affected our 
results. IL-6 is produced by T-cells and macrophages; increases 
in these cell types could lead to decreased WBC methylation lev-
els. We assessed at least ten dietary and lifestyle risk factors in 
association with two methylation outcomes, and our results may 
be subject to false positive findings due to multiple comparisons. 

Figure 1. Scatter plot and simple regression line of CRP (mg/L) and LINE-1 methylation (%).

Figure 2. Scatter plot and simple regression line of WBC count (cells/mL) and LINE-1 methylation (%).
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diet with decades of exposure. Our findings 
suggest that folate fortification can potentially 
increase levels of global DNA methylation in 
a cancer-free population. The long-term con-
sequence of prolonged exposure to additional 
folate through fortification needs to be further 
evaluated. Studies in prospective settings are 
needed to investigate the impact of the folate 
fortification on both global DNA methylation 
and promoter methylation of tumor-suppressor 
genes.

Patients and Methods

Study population. The Commuting Mode and 
Inflammatory Response (COMIR) study was 
conducted in 2009–2010 to assess how lifestyle 
factors, inflammatory and epigenetic markers 
differ by the mode of commuting.40 A total of 
180 people commuting to a college campus in 
Queens, NY, either by car or by public trans-
portation, for five days/week were recruited. 
Commuters were identified from a campus-
wide survey about commuting habits. Those 
who had recently used anti-inflammatory 
drugs, had work-related exposure to air pollut-
ants or were current smokers were excluded.

Study participants aged 18–78 y completed 
a 108-item Block food frequency question-
naire (FFQ) for habitual dietary intake and a 
Block adult energy expenditure survey (EES) 
for physical activity. The Block FFQ asks study 
participants about their usual dietary intake of 
110 food items during the last year. For each 
food item, the Block FFQ uses eight catego-
ries to assess frequency (never or hardly ever, 
once per month, 2–3 times/mo, once per week, 
2–3 times/week, 4–6 times/week, once per 
day and ≥ 2 times/d) and three categories to 
assess portion size. The Block FFQ was previ-
ously validated with three 24-h dietary recalls 
and generally had high correlations for most 
nutrients.41 The Block EES for physical activ-
ity assesses the frequency and duration of 26 
leisure-time physical activities, job-related and 
home activities during the past year. Included 
physical activities are derived from the most 

relevant daily-life and leisure time activities determined by the 
National Human Activities Patterns Survey.42 The Block EES for 
physical activities uses six categories (rarely or never, a few times 
a month, 1–2 times/week, 3–4 times/week, 5–6 times/week and 
everyday) to assess frequency and seven categories (> 30 min, 
30–59 min, 1 h, 1.5 h, 2 h, 3–4 h and > 4 h) to assess dura-
tion. The validation study showed that the percent of body fat 
predicted by levels of physical activity estimated from this ques-
tionnaire correlated well with the percent body fat observed.43 

an increased risk of colorectal and prostate cancers associated 
with folic acid supplementation in patients with adenomas.37,38 
A higher incidence of all cancers and all-cause mortality were 
also reported in patients with ischemic heart diseases treated 
with folic acid plus vitamin B

12
.39 Although fortification provides 

a lower dose of folic acid compared with that of supplementation 
(e.g., 400 μg folic acid per ¾ cup of breakfast cereals through 
fortification vs. 800–1,000 μg daily supplementation of folic acid 
in RCTs), fortification is incorporated into an individual’s daily 

Figure 3. Scatter plot and simple regression line of CRP (mg/L) and IL-6 promoter methyla-
tion (%).

Figure 4. Scatter plot and simple regression line of WBC count (cells/mL) and IL-6 promoter 
methylation (%).
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The FFQs and EESs completed by study participants were sent 
to NutritionQuest® for data processing after initial quality check 
at Queens College of CUNY.

Weight and height were measured using a Detecto® medical 
scale and gauge by trained research staff. A 15 ml non-fasting 
blood sample was collected from each participant by research 
nurses using venipuncture; 8 ml was sent immediately to a com-
mercial clinical lab (Quest) for WBC count (cells/mm3) measure-
ment. The remaining blood sample collected into an EDTA tube 
was shipped in a refrigerated box to the laboratory at Columbia 
University. Upon arrival, plasma and WBCs were isolated and 
stored at -80°C. One vial of plasma was sent to Quest for hs-CRP 
(mg/dl) measurement. The isolated WBCs were used to measure 
DNA methylation at Columbia University.

Methylation analysis. DNA was extracted from the WBCs 
using FlexiGene DNA Kits (Qiagen). Bisulfite modification 
was conducted using an EZ DNA Methylation-Gold kit (Zymo 
Research) following the manufacturer’s recommendations. For 
LINE-1, the PCR primers and sequencing probe used were 
previously described in reference 33. For IL-6, the PCR prim-
ers and sequencing probe were designed to target sites within 
a CpG island located in the promoter region of the gene using 
the Pyromark Assay Design Software Version 2.0 (Qiagen). 
The sequences were as follows: TTT TGA GAA AGG AGG 
TGG GTA G (Forward PCR primer), ACC CCC TTA ACC 
TCA AAT CTA CAA TAC TCT (5' biotinylated Reverse PCR 
primer), and AAG GAG GTG GGT AGG (Sequencing primer). 
The biotinylated PCR products were purified and pyrosequenc-
ing was run on a PyroMark Q24 (Qiagen). We used non-CpG 
cytosine residues as internal controls to verify efficient sodium 
bisulfite DNA conversion, and universal unmethylated (whole 
genome amplified) and methylated DNA (CpGenome Universal 
Methylated DNA, Millipore) were run as controls. Methylation 
quantification was performed using the PyroMark Q24 1.010 
software. The degree of methylation was expressed for each DNA 
locus as percentage methylated cytosine over the sum of methyl-
ated and unmethylated cytosine. For LINE-1 values across the 
three CpG sites were averaged while for IL-6 values for the six 
sites were averaged.

Statistical analysis. Among the 180 subjects enrolled in the 
COMIR study, 15 did not have DNA methylation results due 
to low DNA yields or low quality calls. This left 165 subjects 
for the final analysis. We first examine mean levels of LINE-1 
methylation and IL-6 promoter methylation by study character-
istics including age, sex, race/ethnicity, body mass index, mode 
of commute, diet, physical activity and alcohol drinking, using 
analysis of variance (ANOVA) (Table 3). For diet, we used factor 
analysis (principal factor method) to derive dietary patterns from 
the frequency consumption of 13 food groups estimated from the 
Block FFQ.44 Two dietary patterns were determined using the 
scree test, the proportion of variance accounted, and the inter-
pretability criteria: a prudent diet characterized by a high intake 
of vegetables and fruits, and a western diet characterized by a 
high intake of meats, total grains and dairy. Scoring coefficients 
were computed by multiplying the matrix of factor loadings by 
the matrix of eigenvalues. Subjects’ individual factor scores were 

Table 3. Differences in percentages of LINE-1 methylation (%) and IL-6 
promoter methylation (%) according to study characteristics, New York, 
2009–2010a

LINE-1  
methylation (%)

IL-6 promoter 
methylation (%)

β (95% CI) β (95% CI)

Age, y 0.02 (-0.01, 0.05) 0.12 (-0.05, 0.29)

Female -0.08 (-0.90, 0.74) 1.44 (-3.41, 6.30)

Race

Non-Hispanic white vs. Hispanic -0.41 (-1.36, 0.54) -2.10 (-7.82, 3.62)

Non-Hispanic black vs. Hispanic -0.82 (-2.00, 0.36) 4.63 (-2.29, 11.55)

Other vs. Hispanic -0.76 (-2.00, 0.47) 1.38 (-5.82, 8.59)

BMI, kg/m2

≥ 25 vs. < 25 -0.62 (-1.41, 0.16) 1.27 (-3.34, 5.87)

Dietary folate intake from fortified foods, µg/1,000 kJ

Q1 (< 13.15) Ref. Ref.

Q2 (≥ 13.15, < 19.57) 0.73 (-0.28, 1.74) 0.47 (-5.48, 6.42)

Q3 (≥ 19.57, < 26.47) 1.60 (0.54, 2.67) 0.67 (-5.51, 6.85)

Q4 (≥ 26.47) 1.01 (0.002, 2.01) 2.67 (-3.31, 8.64)

Prudent diet patternb

Q1 (< -0.7) Ref. Ref.

Q2 (≥ -0.7, < -0.3) 0.42 (-0.61, 1.45) 7.87 (1.68, 14.05)

Q3 (≥ -0.3, < 0.5) 0.19 (-0.78, 1.16) -0.88 (-6.81, 5.05)

Q4 (≥ 0.5) -0.18 (-1.22, 0.87) -0.72 (-6.64, 5.21)

Western diet patternb

Q1 (< -0.6) Ref. Ref.

Q2 (≥ -0.6, < -0.2) -0.59 (-1.66, 0.47) -1.65 (-8.04, 4.74)

Q3 (≥ -0.2, < 0.4) -0.31 (-1.30, 0.68) -0.31 (-6.40, 5.78)

Q4 (≥ 0.4) 0.02 (-1.04, 1.08) -1.34 (-7.76, 5.09)

Meet 2005 DGAc for physical activity

Yes vs. No -0.50 (-1.31, 0.31) 2.12 (-2.56, 6.80)

C-reactive protein, mg/L

Low (≤ 3) Ref. Ref.

High (> 3) -0.11 (-1.25, 1.04) 0.97 (-5.65, 7.58)
aLinear regression models were simultaneously adjusted for all variables 
in the above table. bFactor scores were categorized into quartiles for 
each dietary pattern, with a higher quartile (e.g., Q4) corresponding 
to a higher adherence to a particular diet. cDGA refers to 2005 Dietary 
Guidelines for Americans.
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vigorous) of physical activities (min/d) was estimated from the 
reported frequency and duration in the Block EES. We examined 
adherence to physical activity guidelines by assessing whether 
participants met the 2005 DGA for physical activity (i.e., 
engaged in approximately 60 min of moderate—to vigorous-
intensity activity on most days of the week) and whether partici-
pants met Healthy People 2010 Guidelines for physical activity 
(i.e., engaged in moderate physical activity for at least 30 min on 
at least five days a week, or engaged in vigorous physical activity 
for 20 min on at least three days per week).

We then evaluated the correlation of WBC DNA methyla-
tion (LINE-1 and IL-6 promoter methylation) levels with dietary 
intake of individual food groups and nutrients, and with lev-
els of various physical activities. Because the dietary intake of 
most nutrients and some food groups did not follow a normal 
distribution, the Spearman correlation coefficients were assessed. 
The correlation between levels of DNA methylation and the 
two inflammation markers (e.g., WBC count and hs-CRP) was 
also assessed using Spearman correlation coefficients. Last, we 
examined the association between WBC DNA methylation and 
study characteristics including diet, physical activity and the 
two inflammation markers using multivariate linear regression. 
Levels of CPR was categorized into two groups (< 3 vs. ≥ 3 mg/L) 
and this cut point was chosen based on previous findings that an 
elevated CRP >3 mg/L was associated with increased risk of coro-
nary heart diseases.48 Levels of WBC was categorized into four 
groups (< 5,500, 5,500–6,500, 6,500–7,400, ≥ 7,400/μL) based 
on previous findings showing circulating WBC associated with 
subsequent cancer mortality.49 Since LINE-1 and IL-6 promoter 
methylation were approximately normally distributed, no trans-
formations were applied. Among multiple dietary factors, only 
dietary patterns and dietary folate intake from fortified foods 
were included in regression models because these two dietary fac-
tors showed significant correlations with DNA methylation in 
the univariate analyses. All statistical analyses were performed 
using SAS (version 9.1; SAS Institute).
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then estimated for the two dietary patterns by summing the fre-
quency consumption of each food group weighted by their scor-
ing coefficients. Therefore, factor scores for a particular dietary 
pattern rank individuals on the basis of how well they follow 
that dietary pattern. For each dietary pattern, participants were 
categorized into quartiles of ranked factor scores, with higher 
quartiles corresponding to higher factor scores. In addition, we 
evaluated the adherence to the US. Department of Agriculture 
(USDA) 2005 Dietary Guidelines for Americans (2005 DGA) 
using the Dietary Guideline Adherence Index (DGAI) adapted 
from the method developed by Jacque et al. Previous studies 
showed significant associations between DGAI and insulin resis-
tance and metabolic syndrome.46,47 Quartiles were created for 
DAGI to evaluate its association with DNA methylation. Grams 
per day of alcohol drinking were also derived from the Block FFQ 
and alcohol drinking was categorized based on conventional cut-
points (never, 0–15, 15–30, > 30 g/d) that correspond to non-
drinkers, < 1 drink/day, 1–2 drinks/d and more than 2 drinks/d.

For physical activity, daily frequency of each type (occupa-
tional, leisure and home-based) and intensity (moderate and 

Table 3. Differences in percentages of LINE-1 methylation (%) and IL-6 
promoter methylation (%) according to study characteristics, New York, 
2009–2010a

LINE-1  
methylation (%)

IL-6 promoter 
methylation (%)

White blood cell count,  
cells/µL

Q1 (< 5,500) Ref. Ref.

Q2 (≥ 5,500, < 6,500) 0.29 (-0.72, 1.31) 1.66 (-4.48, 7.81)

Q3 (≥ 6,500, < 7,400) 0.34 (-0.66, 1.34) 0.08 (-5.96, 6.12)

Q4 (≥ 7,400) 0.62 (-0.40, 1.65) 1.35 (-4.88, 7.59)

Alcohol drinking, grams/d

0 Ref. Ref.

> 0, ≤ 15 -0.07 (-1.27, 1.12) 2.38 (-4.68, 9.43)

> 15, ≤ 30 -0.19 (-1.50, 1.12) 4.54 (-3.28, 12.36)

> 30 0.06 (-0.90, 1.03) 1.94 -3.63, 7.50)
aLinear regression models were simultaneously adjusted for all variables 
in the above table. bFactor scores were categorized into quartiles for 
each dietary pattern, with a higher quartile (e.g., Q4) corresponding 
to a higher adherence to a particular diet. cDGA refers to 2005 Dietary 
Guidelines for Americans.
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