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Dietary long-chain (LC) ω-3 polyunsaturated fatty acids (PUFAs), which derive primarily from intakes of fatty fish,

are thought to inhibit inflammation and de novo estrogen synthesis. This study prospectively examined the associ-

ations of dietary LC ω-3 PUFAs and fish with endometrial cancer risk in 47,602 African-American women living in

the United States, aged 21–69 years at baseline in 1995, and followed them until 2013 (n = 282 cases). Multivar-

iable-adjusted Cox regression models estimated hazard ratios and 95% confidence intervals for associations of LC

ω-3 PUFA (quintiled) and fish (quartiled) intake with endometrial cancer risk, overall and by body mass index (BMI;

weight (kg)/height (m)2). The hazard ratio for quintile 5 of total dietary LC ω-3 PUFAs versus quintile 1 was 0.79

(95% confidence interval (CI): 0.51, 1.24); there was no linear trend. Hazard ratios for the association were smaller

among normal-weight women (BMI <25: hazard ratio (HR) = 0.53, 95% CI: 0.18, 1.58) than among overweight/

obese women (BMI ≥25: HR = 0.88, 95% CI: 0.54, 1.43), but these differences were not statistically significant.

Fish intake was also not associated with risk (quartile 4 vs. quartile 1: HR = 0.86, 95% CI: 0.56, 1.31). Again hazard

ratios were smaller among normal-weight women (HR = 0.65) than among overweight/obese women (HR = 0.94).

While compatible with no association, the hazard ratios observed among leaner African-American women are sim-

ilar to those from recent prospective studies conducted in predominantly white populations.

African-American women; docosahexaenoic acid; eicosapentaenoic acid; endometrial cancer; fish; uterine cancer;

women’s reproductive health

Abbreviations: BMI, body mass index; BWHS, Black Women’s Health Study; CI, confidence interval; DHA, docosahexaenoic acid;

DPA, docosapentaenoic acid; EPA, eicosapentaenoic acid; FFQ, food frequency questionnaire; HR, hazard ratio; LC, long-chain;

PUFA, polyunsaturated fatty acid; VITAL, Vitamins and Lifestyle; WHI, Women’s Health Initiative.

Endometrial cancer is the fourth most common cancer and
the leading gynecological malignancy diagnosed in US women
(1). Incidence rates are about 9% lower for African-American
women relative towhite women (2), but a recent study of Sur-
veillance, Epidemiology, and End Results data that corrected
for hysterectomy prevalence indicated a higher incidence in
blackwomen (3). African-Americanwomen are twice as like-
ly to be diagnosed with an aggressive phenotype (4–6) and
more likely to die from the disease (2).

Inflammation may be an important factor in endometrial
cancer etiology. Prospective studies have shown that increases
in circulating biomarkers of inflammation are associated with

increases in endometrial cancer risk (7–9). In contrast, studies
of nonsteroidal antiinflammatory drugs suggest a reduction in
endometrial cancer risk (10). Higher intakes of long-chain
(LC) ω-3 polyunsaturated fatty acids (PUFAs), which derive
primarily from the consumption of fatty fish and which may
act through similar biological mechanisms as nonsteroidal
antiinflammatory drugs, have been associated with reduced
inflammation in observational studies (11, 12) and random-
ized clinical trials (13–15).

The associations between dietary intakes of LCω-3 PUFAs
and endometrial cancer risk have been assessed in 2 prospec-
tive studies to date (16, 17). We previously reported that
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Table 1. Distribution of Baseline Dietary Total Long-Chain ω-3 Fatty Acid Intake According to Participants’ Characteristics in the Black Women’s

Health Study (n = 47,602), Overall and by Body Mass Index, 1995–2013

Characteristic

Least-Squares Mean EPA +DPA +DHA Intake From Diet, mg/daya

All Participants BMIb <25 BMI ≥25

No. of Women Mean 95% CI Mean 95% CI Mean 95% CI

Age, yearsc

21–30 14,030 105.9 104.4, 107.5 105.4 103.3, 107.4 106.7 104.5, 108.9

31–40 17,307 122.1 120.8, 123.5 122.7 120.7, 124.8 121.7 119.9, 123.5

41–50 9,931 132.0 130.2, 133.8 131.4 128.4, 134.5 132.2 130.0, 134.5

51–60 3,064 138.6 135.4, 141.9 135.3 129.0, 141.7 139.6 135.8, 143.4

61–69 1,093 137.8 132.4, 143.3 129.1 118.7, 139.6 140.8 134.3, 147.2

US region

Northeast 13,098 127.1 125.5, 128.6 124.4 122.0, 126.8 129.0 126.9, 131.1

South 13,677 120.7 119.2, 122.2 117.8 115.5, 120.1 122.8 120.7, 124.8

Midwest 10,278 115.7 114.0, 117.5 111.3 108.5, 114.0 118.7 116.4, 121.0

West 8,317 117.3 115.3, 119.2 116.9 114.0, 119.7 117.3 114.7, 120.0

Education

High school graduate or less 6,986 108.6 106.4, 110.7 106.0 102.2, 110.0 110.4 107.8, 113.0

Some college 16,690 118.8 117.4, 120.2 114.3 112.2, 116.5 121.8 120.0, 123.6

College graduation or advanced degree 21,432 126.3 125.1, 127.5 123.2 121.5, 125.0 128.6 126.9, 130.3

BMI

<18.5 840 105.0 98.9, 111.2

18.5–24.9 17,802 121.0 119.7, 122.4

25–29.9 13,645 124.1 122.6, 125.6

30–34.9 6,807 119.8 117.6, 121.9

35–39.9 3,189 115.3 112.1, 118.4

≥40 2,596 116.1 112.6, 119.6

Vigorous physical activity, hours/week

None 13,444 108.2 106.7, 109.8 104.8 102.2, 107.5 110.6 108.6, 112.5

<5 24,098 124.2 123.0, 125.3 119.7 118.0, 121.4 127.4 125.9, 129.0

≥5 6,235 134.0 131.7, 136.3 130.9 127.8, 133.9 136.4 133.0, 139.7

Alcohol consumption, drinks/week

0 32,694 117.2 116.2, 118.2 115.1 113.6, 116.6 118.8 117.5, 120.1

0.1–1.9 3,389 124.6 121.6, 127.7 124.8 119.9, 129.7 124.7 120.8, 128.7

≥2.0 9,058 132.1 130.2, 134.0 127.3 124.4, 130.2 135.5 133.0, 138.0

Smoking, pack-years

0 30,793 119.3 118.3, 120.4 117.4 115.9, 118.9 120.7 119.3, 122.1

0.1–4.0 5,272 126.7 124.2, 129.2 124.1 120.1, 128.1 128.5 125.3, 131.6

4.1–13.9 4,836 124.8 122.2, 127.4 120.8 116.6, 125.1 127.2 124.0, 130.5

≥14.0 3,697 118.0 114.9, 121.1 111.1 105.7, 116.4 121.8 118.0, 125.5

Fruit consumption, servings/week

≤2 18,272 108.4 107.1, 109.8 106.3 104.3, 108.4 109.9 108.1, 111.6

3–4 8,988 124.3 122.4, 126.2 121.3 118.4, 124.2 126.4 123.9, 128.9

4–6 10,336 131.6 129.8, 133.3 128.5 125.8, 131.1 133.8 131.5, 136.2

≥7 6,659 134.1 131.9, 136.3 130.4 127.0, 133.7 136.8 133.9, 139.7

Vegetable consumption, servings/week

≤2 11,034 102.2 100.5, 104.0 99.3 96.7, 102.0 104.2 102.0, 106.5

3–4 10,937 117.9 116.2, 119.6 115.8 113.2, 118.4 119.3 117.0, 121.6

4–6 14,559 127.6 126.1, 129.0 126.5 124.2, 128.7 128.4 126.4, 130.3

≥7 8,036 138.6 136.6, 140.6 132.6 129.6, 135.7 142.8 140.2, 145.5
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Table 1. Continued

Characteristic

Least-Squares Mean EPA +DPA +DHA Intake From Diet, mg/daya

All Participants BMIb <25 BMI ≥25

No. of Women Mean 95% CI Mean 95% CI Mean 95% CI

Menopausal status

Premenopausal 40,452 122.1 121.2, 123.0 119.4 118.0, 120.7 124.0 122.7, 125.2

Perimenopausal 514 116.5 108.5, 124.5 105.3 90.3, 120.3 121.8 112.3, 131.3

Postmenopausal 4,440 109.2 105.8, 112.6 101.4 95.3, 107.6 113.4 109.3, 117.5

Age at menarche, years

9–11 12,643 120.2 118.6, 121.7 119.1 116.3, 121.8 121.1 119.2, 123.1

12–13 23,986 120.8 119.6, 121.9 118.7 116.9, 120.4 122.3 120.7, 123.8

≥14 8,590 121.8 119.8, 123.7 116.1 113.4, 118.8 126.9 124.1, 129.6

Age at menopause, years

<47 1,477 111.2 106.3, 116.2 100.2 91.3, 109.0 116.9 110.9, 122.9

47–51 1,430 110.9 105.7, 116.1 104.2 94.7, 113.8 114.6 108.3, 120.9

≥52 1,105 101.8 95.8, 107.8 98.8 87.0, 110.6 104.2 97.1, 111.2

Pre- or perimenopausal 40,966 121.8 120.9, 122.8 119.1 117.8, 120.4 123.8 122.5, 125.0

Parity

Nulliparous or nulligravid 17,896 125.5 124.0, 126.9 123.5 121.5, 125.5 126.6 124.6, 128.7

1 10,021 123.0 121.3, 124.8 117.9 115.1, 120.6 126.6 124.2, 129.0

2 9,773 118.5 116.7, 120.3 114.0 111.0, 117.0 121.4 119.1, 123.8

3 4,648 112.2 109.6, 114.9 107.6 103.0, 112.3 115.1 111.8, 118.4

≥4 3,007 105.7 102.3, 109.1 96.8 90.1, 103.4 110.1 106.1, 114.1

Age at first birth, years

Nulliparous or nulligravid 17,896 124.8 123.4, 126.2 123.0 121.0, 125.0 125.9 123.9, 127.9

<20 8,771 117.1 115.2, 119.0 111.3 108.0, 114.7 120.5 118.1, 122.8

20–24 9,671 116.4 114.6, 118.2 112.2 109.2, 115.2 119.1 116.8, 121.5

≥25 8,774 120.8 118.9, 122.7 117.2 114.2, 120.2 123.2 120.7, 125.8

Duration of combined hormone therapy, years

0 43,840 120.5 119.7, 121.4 117.9 116.6, 119.2 122.4 121.2, 123.5

0.1–2.4 924 131.4 125.3, 137.5 126.1 115.2, 136.9 134.5 127.1, 141.9

≥2.5 625 124.2 116.8, 131.6 122.4 110.6, 134.2 125.6 116.1, 135.2

Duration of unopposed estrogen therapy, years

0 44,789 120.8 120.0, 121.7 118.2 116.9, 119.5 122.7 121.6, 123.9

0.1–2.4 431 114.2 105.5, 122.8 110.5 94.2, 126.9 116.4 106.1, 126.6

≥2.5 174 119.4 105.6, 133.1 107.0 85.9, 128.0 128.2 110.0, 146.4

Duration of oral contraceptive use, years

0 6,577 116.3 114.1, 118.5 115.3 11.8, 118.8 117.2 114.3, 120.0

0.1–5 23,990 120.3 119.1, 121.4 117.1 115.3, 118.8 122.5 121.0, 124.0

5.1–10 8,942 123.3 121.4, 125.2 120.2 117.5, 123.0 125.5 122.9, 128.1

>10 5,854 124.1 121.8, 126.5 121.6 118.0, 125.1 126.0 122.9, 129.1

History of diabetes

No 44,001 120.7 119.8, 121.5 118.0 116.8, 119.3 122.5 121.4, 123.7

Yes 1,424 124.3 119.5, 129.1 124.5 112.1, 136.8 125.7 120.4, 130.9

Abbreviations: BMI, body mass index; CI, confidence interval; DHA, docosahexaenoic acid; DPA, docosapentaenoic acid; EPA, eico-

sapentaenoic acid.
a Adjusted for age and energy intake.
b Weight (kg)/height (m)2.
c Adjusted for energy intake only.
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intakes of total LC ω-3 PUFAs were associated with 41%–
61% linear reductions in endometrial cancer risk among normal-
weight (body mass index (BMI; weight (kg)/height (m)2) <25)
women in the Vitamins and Lifestyle (VITAL) Study cohort
(16) and the Women’s Health Initiative (WHI) (17). However,
in the VITAL Study, we reported 175% linear increases in en-
dometrial cancer risk among overweight/obese women (16)
which were not subsequently replicated in the much larger
WHI (17). In each study, associations reported for fish intake

(especially baked or broiled fish) were similar to those reported
for the LC ω-3 PUFAs. These results notwithstanding, African-
American women comprised only a small fraction of the study
populations; thus, the extent to which previous findings are gen-
eralizable to black women remains unclear.
In thepresent study,weassesseddietaryLCω-3PUFAsand

fish in relation to endometrial cancer risk, overall and by
BMI, in the Black Women’s Health Study (BWHS), a large
prospective cohort study of African-American women.

Table 2. Associations Between Dietary ω-3 PUFA Intake and Endometrial Cancer Risk in the Black Women’s Health Study, Overall and by Body

Mass Index, 1995–2013

Fatty Acid and
Quintile of Intakea

No. of
Cases

Adjustedb Further
Adjustedb,c Body Mass Indexd

HR 95% CI HR 95% CI

<25 ≥25

No. of
Cases

HRb,c 95% CI
No. of
Cases

HRb,c 95% CI

ω-3 Fatty Acids

EPA (20:5ω3)

1 65 1.00 Referent 1.00 Referent 15 1.00 Referent 49 1.00 Referent

2 48 0.73 0.49, 1.10 0.66 0.42, 1.05 6 0.56 0.19, 1.60 42 0.68 0.41, 1.15

3 49 0.76 0.51, 1.14 0.77 0.50, 1.20 15 1.01 0.41, 2.46 33 0.71 0.43, 1.18

4 57 0.76 0.52, 1.12 0.84 0.55, 1.29 15 1.01 0.43, 2.40 42 0.80 0.49, 1.31

5 56 0.67 0.45, 0.98 0.72 0.47, 1.10 11 0.43 0.15, 1.21 44 0.82 0.51, 1.31

P-trende 0.080 0.363 0.358 0.659

P-interactionf 0.620

DPA (22:5ω3)

1 60 1.00 Referent 1.00 Referent 12 1.00 Referent 47 1.00 Referent

2 44 0.79 0.52, 1.19 0.92 0.58, 1.46 12 1.45 0.56, 3.79 32 0.82 0.48, 1.39

3 49 0.87 0.58, 1.30 0.88 0.56, 1.41 10 0.87 0.29, 2.60 39 0.92 0.55, 1.55

4 64 0.96 0.66, 1.41 1.16 0.76, 1.76 20 2.18 0.90, 5.26 43 0.97 0.60, 1.58

5 56 0.79 0.54, 1.16 0.88 0.57, 1.36 8 0.55 0.18, 1.72 47 0.98 0.61, 1.57

P-trend 0.525 0.956 0.756 0.838

P-interaction 0.738

DHA (22:6ω3)

1 57 1.00 Referent 1.00 Referent 13 1.00 Referent 43 1.00 Referent

2 49 0.88 0.58, 1.33 1.01 0.64, 1.60 10 1.18 0.44, 3.16 39 0.98 0.58, 1.64

3 46 0.69 0.45, 1.06 0.69 0.42, 1.13 12 0.98 0.35, 2.71 34 0.63 0.36, 1.11

4 66 0.96 0.66, 1.42 1.17 0.76, 1.78 16 1.49 0.59, 3.74 49 1.10 0.68, 1.79

5 57 0.75 0.51, 1.10 0.84 0.54, 1.30 11 0.52 0.17, 1.55 45 0.94 0.58, 1.53

P-trend 0.287 0.699 0.412 0.947

P-interaction 0.541

Total long-chain ω-3 PUFAs
(EPA +DPA +DHA)

1 59 1.00 Referent 1.00 Referent 13 1.00 Referent 45 1.00 Referent

2 50 0.94 0.63, 1.41 0.94 0.60, 1.47 10 1.18 0.44, 3.14 40 0.87 0.52, 1.46

3 44 0.72 0.47, 1.10 0.74 0.46, 1.19 11 0.88 0.31, 2.52 33 0.71 0.41, 1.21

4 65 0.97 0.66, 1.43 1.13 0.74, 1.72 17 1.67 0.67, 4.16 47 1.03 0.63, 1.67

5 55 0.75 0.50, 1.10 0.79 0.51, 1.24 11 0.53 0.18, 1.58 43 0.88 0.54, 1.43

P-trend 0.226 0.605 0.516 0.899

P-interaction 0.686
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Table 2. Continued

Fatty Acid and
Quintile of Intakea

No. of
Cases

Adjustedb Further
Adjustedb,c Body Mass Indexd

HR 95% CI HR 95% CI

<25 ≥25

No. of
Cases

HRb,c 95% CI
No. of
Cases

HRb,c 95% CI

ALA (18:3ω3)

1 54 1.00 Referent 1.00 Referent 13 1.00 Referent 41 1.00 Referent

2 49 0.86 0.57, 1.29 0.94 0.60, 1.48 9 0.82 0.32, 2.11 40 0.94 0.56, 1.59

3 59 0.97 0.66, 1.43 1.12 0.73, 1.72 15 1.14 0.47, 2.78 44 1.11 0.68, 1.82

4 52 0.71 0.47, 1.07 0.70 0.44, 1.11 16 0.84 0.33, 2.09 35 0.66 0.38, 1.14

5 62 0.78 0.54, 1.15 0.86 0.56, 1.33 9 0.43 0.14, 1.29 51 1.00 0.62, 1.62

P-trend 0.133 0.261 0.199 0.226

P-interaction 0.319

ω-6 Fatty Acids

LA (18:2ω6)

1 53 1.00 Referent 1.00 Referent 15 1.00 Referent 38 1.00 Referent

2 46 0.94 0.62, 1.42 0.93 0.59, 1.48 15 1.30 0.55, 3.09 31 0.81 0.47, 1.41

3 59 1.10 0.74, 1.63 1.16 0.75, 1.78 11 0.94 0.37, 2.40 48 1.22 0.75, 1.99

4 54 0.87 0.58, 1.30 0.94 0.60, 1.48 11 0.80 0.31, 2.11 42 0.99 0.59, 1.65

5 65 0.92 0.62, 1.35 0.88 0.57, 1.36 10 0.53 0.19, 1.51 53 1.00 0.62, 1.63

P-trend 0.576 0.595 0.129 0.776

P-interaction 0.134

AA (20:4ω6)

1 56 1.00 Referent 1.00 Referent 15 1.00 Referent 38 1.00 Referent

2 53 1.05 0.70, 1.57 1.01 0.64, 1.59 17 1.02 0.43, 2.45 31 0.99 0.58, 1.70

3 53 1.02 0.68, 1.54 1.02 0.65, 1.61 8 0.56 0.20, 1.59 48 1.17 0.70, 1.97

4 55 1.12 0.76, 1.67 1.20 0.78, 1.85 9 0.74 0.28, 1.96 42 1.32 0.81, 2.16

5 60 1.11 0.75, 1.64 1.05 0.68, 1.62 13 1.21 0.51, 2.84 53 1.01 0.61, 1.67

P-trend 0.530 0.599 0.945 0.630

P-interaction 0.915

Total ω-6 PUFAs (LA + AA)

1 53 1.00 Referent 1.00 Referent 16 1.00 Referent 37 1.00 Referent

2 45 0.92 0.61, 1.40 0.92 0.58, 1.46 14 1.09 0.47, 2.56 31 0.84 0.48, 1.46

3 57 1.07 0.72, 1.58 1.13 0.73, 1.74 11 0.86 0.34, 2.13 46 1.21 0.74, 2.00

4 54 0.89 0.59, 1.33 0.95 0.60, 1.48 10 0.64 0.24, 1.69 43 1.06 0.63, 1.77

5 67 0.95 0.65, 1.40 0.92 0.60, 1.41 11 0.55 0.21, 1.48 54 1.05 0.65, 1.71

P-trend 0.756 0.747 0.121 0.613

P-interaction 0.115

Abbreviations: AA, arachidonic acid; ALA, α-linolenic acid; BMI, body mass index; CI, confidence interval; DHA docosahexaenoic acid; DPA,

docosapentaenoic acid; EPA, eicosapentaenoic acid; HR, hazard ratio; LA, linoleic acid; PUFA, polyunsaturated fatty acid.
a Energy-adjusted quintiles of fatty acid intake in mg/day.
b HRs and 95% CIs were derived from Cox proportional hazards regression models and adjusted for age (time variable), time period, and total

energy intake.
c Additionally adjusted for US region, education, bodymass index, physical activity, alcohol consumption, smoking, fruit consumption, vegetable

consumption, age at menarche, age at menopause, parity, age at first birth, duration of combined hormone therapy, duration of estrogen-alone

hormone therapy, duration of oral contraceptive use, and diabetes.
d Weight (kg)/height (m)2.
e P values for trend were calculated by treating categorical exposure variables as continuous in regression models.
f P values for interaction were calculated by means of the Wald test using a cross-product term in regression models.
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METHODS

Black Women’s Health Study

The BWHS is an ongoing prospective cohort study of
59,001African-Americanwomen(18).Briefly, in1995,women
between the ages 21 and 69 years enrolled in the study by
completing a comprehensive self-administered baseline
questionnaire, which included questions about participants’
medical and reproductive histories and lifestyle and a food
frequency questionnaire (FFQ). Biennial follow-up question-
naires are mailed to update exposures and medical histories
and to ascertain outcomes. Women were excluded from the
present analysis at the start of follow-up (1995) if they re-
ported a positive history of uterine cancer (n = 261), had
undergone hysterectomy (n = 10,557), or had an unknown
menopausal status or a surgical cause of menopause (n =
130). Exclusions were also made for 451 additional women
who only responded to the baseline questionnaire. Following
exclusions, there were 47,602 women available for study. All
participants provided informed consent by filling out ques-
tionnaires, and study procedures were approved by the Insti-
tutional Review Board of the Boston University Medical
Center (Boston, Massachusetts).

Diet assessment

Diet was assessed in 1995 and again in 2001 using a mod-
ified version of the National Cancer Institute-Block short-
form FFQ (19, 20). Data were collected on usual frequency
and portion size (1995: small, medium, or large, relative to
the stated medium portion size; 2001: small, medium, large,
or supersize) of foods and beverages consumed during the
previous 12 months. In the 1995 FFQ, women were queried
on their intakes of fried fish/fish sandwiches, other fish (baked
or broiled), and canned tuna fish (tuna salad or casserole). In
2001, the FFQ was expanded to include questions on partic-
ipants’ intakes of dark-meat fish (baked/broiled; including
sardines, mackerel, and salmon) and shellfish (shrimp, crab,
and lobster). Serving size-adjusted fish data were categorized
into quartiles, and time-varying variables were created for
baked/broiled fish (1995: other fish; 2001: dark-meat fish +
other fish), fried fish, and canned tuna. A summary time-
varying variable, “total fish,” representing the sumof the above
intakes separately in 1995 and in 2001, was also created. Cat-
egory cutpoints for quartiles of total fish intake in 1995 were
≤0.6, 0.7–1.1, 1.2–2.2, and >2.2 servings/day, and in 2001
they were ≤1.0, 1.1–2.0, 2.1–3.5, and >3.5 servings/day.

Estimation of fatty acid intake

The average daily intake of specific fatty acids was calcu-
lated by multiplying the serving size-adjusted frequency of
intake for each specific food by its fatty acid content, as de-
termined by DIETCALC software, version 1.4.1 (National
Cancer Institute, Rockville, Maryland). Fatty acid data were
energy-adjusted using the residual method (21), categorized
into quintiles, and set as time-varying. Summary variables
representing total LC ω-3 PUFAs (mg/day; defined here as
eicosapentaenoic acid (EPA; 20:5ω3) + docosapentaenoic
acid (DPA; 22:5ω3) + docosahexaenoic acid (DHA; 22:6ω3))

and total ω-6 PUFAs (defined as linoleic acid (18:2ω6) +
arachidonic acid (20:4ω6)) were also created. Energy-adjusted
quintile cutpoints for total LCω-3 PUFAs in 1995 were≤54.9,
55.0–83.7, 83.8–117.6, 117.7–173.6, and >173.6 mg/day, and
in 2001 they were ≤98.9, 99.0–148.1, 148.2–209.1, 209.2–
311.8, and >311.8 mg/day.

Follow-up for cancer and censoring

Participants reported new diagnoses of “uterine cancer” on
biennial follow-up questionnaires from 1997 through 2013.
The 1995 and 2011 questionnaires did not ask specifically about
uterine cancer but asked participants to report any “other serious
illness.” Cases were also identified through state cancer registry
records. In total, there were 317 potential incident cases. Thir-
teen of thesewomen told us they had a condition other than uter-
ine cancer when contacted for permission to release medical
records and were excluded as cases. We obtained medical rec-
ords, cancer registry data, or death certificate data for 216 poten-
tial cases. Among them, 194 were confirmed as endometrial
cancer, 5 were uterine sarcomas, and 17 were disconfirmed as
cases by these records. Because the confirmation rate was high,
we accepted the remaining 88 potential cases as cases of incident
endometrial cancer. Thus, after the exclusion of the 5 sarcomas
and 17 disconfirmed cases, there were a total of 282 cases of
endometrial cancer (194 confirmed and 88 unconfirmed) avail-
able for study after a median follow-up of 18 years. Participants
were right-censored from the analysis at the earliest date of the
following occurrences: death, loss to follow-up, hysterectomy,
or March 1, 2013, the end of follow-up for the present analysis.

Statistical analyses

Age and energy-adjusted least-squares mean values for
total LC ω-3 PUFAs and their corresponding 95% confidence
intervals were calculated within categories of participants’
baseline characteristics. Distributions of LC ω-3 PUFAs are
given overall and stratified on BMI.
Age- and time-period-stratified Cox proportional hazards

regression models were used to estimate age- and energy-
adjusted and multivariable-adjusted hazard ratios, as well
as 95% confidence intervals, for the associations between
fatty acid or fish consumption and endometrial cancer risk.
Considered for inclusion in regression models were known
or suspected endometrial cancer risk factors, selected a priori.
Cox models were adjusted for age (in 1-year intervals), time
period (2-year questionnaire cycle), US region of residence,
education, BMI, physical activity, alcohol consumption,
pack-years of smoking, fruit consumption, vegetable con-
sumption, age at menarche, age at natural menopause, age
at first birth, parity, duration of estrogen-plus-progestin hor-
mone therapy, duration of estrogen-alone hormone therapy,
duration of contraceptive use, and self-reported history of di-
abetes. Using indicator terms, all variables were adjusted for
as they are categorized in Table 1, with the exception of BMI,
which was included in regression models as a continuous var-
iable; total energy, which was modeled as a continuous and
time-varying variable; and dietary fatty acid or fish expo-
sures, which were categorized in fifths and quarters, respec-
tively, and time-varying. P values for linear trend (P-trend)
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were calculated across categories of fatty acid intake or fish
consumption by treating categorical exposure variables as
continuous in regression models. All reported P values are 2-
sided, and P < 0.05 was considered statistically significant.
Statistical analyses were performed using SAS, version 9.4
(SAS Institute, Inc., Cary, North Carolina).

Because previous studies have indicated that associations
between LC ω-3 PUFAs or fish intake and endometrial can-
cer risk are modified by BMI (16, 17), we present results
of all analyses both overall and stratified on BMI (<25 vs.
≥25). Regression models that stratified results on BMI ad-
justed for continuous BMI within strata. P values for interac-
tion (P-interaction) were calculated using the Wald test for
the inclusion of a cross-product term of the ordinal categori-
cal exposure and the 2-category effect modifier.

RESULTS

Higher intakes of LCω-3 PUFAs (EPA +DPA+DHA)were
associated with increased age, education, physical activity, du-
ration of oral contraceptive use, and consumption of alcohol,
fruits, and vegetables (Table 1). Higher intakes of LC ω-3
PUFAs were associated with decreased BMI and parity. Pre-
menopausal women consumed more LC ω-3 PUFAs than post-
menopausal women. Most of these associations did not differ
appreciablywhen the datawere stratified onBMI (<25 vs.≥25).

Multivariable-adjusted associations between dietary LC
ω-3 PUFA intake and endometrial cancer risk, both overall
and by BMI, are given in Table 2. Contrasting the highest
quintiles of intake with the lowest quintiles, the hazard ratio
for total dietary LC ω-3 PUFAs was 0.79 (95% confidence
interval (CI): 0.51, 1.24). Endometrial cancer hazard ratios
were similar for intakes of EPA (hazard ratio (HR) = 0.72),
DPA (HR = 0.88), and DHA (HR = 0.84), as well as the
plant-based ω-3 PUFA α-linolenic acid (HR = 0.86). Confi-
dence intervals for each association were wide, and P values
for trend were not statistically significant for any ω-3 fatty
acid. Similarly, intakes of total or individual ω-6 PUFAs were
not associated with endometrial cancer risk (linolenic acid +
arachidonic acid (quintile 5 vs. quintile 1): HR = 0.92, 95%
CI: 0.60, 1.41; P-trend = 0.75).

When the data were stratified on BMI, the hazard ratio for
total and individual ω-3 PUFAs was stronger among normal-
weight women (for total LC ω-3 PUFAs, HR = 0.53, 95% CI:
0.18, 1.43) than among overweight/obese women (HR = 0.88,
95%CI: 0.54, 1.43;P-interaction = 0.69), but these hazard ratios
were not statistically different, and there were no linear trends
within each BMI stratum. The hazard ratio for total ω-6 PUFA
intake was 0.55 (95% CI: 0.21, 1.48; P-trend = 0.12) among
normal-weight women and 1.05 (95% CI: 0.65, 1.71; P-trend =
0.61) among overweight women (P-interaction = 0.12).

Similarly to findings for LC ω-3 PUFAs, intakes of fish
were not associated with endometrial cancer risk overall
(Table 3). Upon stratification by BMI, the hazard ratio com-
paring the highest quartiles of total fish intake (driven primar-
ily by baked/broiled fish) with the lowest quartiles was
smaller among normal-weight women (HR = 0.65, 95% CI:
0.26, 1.61; P-trend = 0.79), but again confidence intervals
were wide, and tests for linear trend and interaction were sta-
tistically nonsignificant.

To assess whether the more detailed assessment of fish in-
take on the 2001 FFQ influenced our findings, we restricted
the analyses to the 2001–2013 incidence period (210 cases
and 628,384 person-years). Total LC ω-3 PUFA intake and
total fish intake were not associated with endometrial cancer
risk overall, but hazard ratios remained smaller amongwomen
with BMI <25 (HR = 0.62 (95% CI: 0.14, 2.89) and HR =
0.79 (95% CI: 0.22, 2.80), respectively).

DISCUSSION

In this large, prospective cohort study of African-American
women, dietary intakes of LC ω-3 PUFAs and fish were not
associated with incidence of endometrial cancer, nor were
there clear linear trends. While there was some suggestion of
reduced risk among women with BMIs less than 25, there
was no evidence of a dose-response association with increas-
ing consumption of LC ω-3 PUFAs or fish, and numbers of
exposed cases were small.

The primary source of dietary LC ω-3 PUFAs is oily fish
(including salmon, fresh (i.e., not canned) tuna, and mack-
erel). LC ω-3 PUFAs are thought to reduce inflammation
through several complex mechanisms, including inhibition
of the nuclear factor κB gene (NF-κB) (22), which acts as a
transcription factor for targets associated with inflammation,
including the interleukin 6 gene (IL-6) and the cyclooxygen-
ase 2 gene (COX-2). Incorporation of LC ω-3 PUFAs on cell
phospholipid membranes reduces the synthesis of arachi-
donic acid-derived eicosanoids, including prostaglandin E2

(22), and results in the production of prostaglandin E3, which
has less inflammatory potential (23). Lastly, LC ω-3 PUFAs
modulate T-cell signaling and proliferation (22). In addition
to a wealth of cell and animal experimental studies, LC ω-3
PUFAs have been shown to hold antiinflammatory properties
in epidemiologic studies (11, 12) and randomized clinical trials
(13–15). They are further hypothesized to have chemoprotec-
tive properties for endometrial cancer (and other estrogen-
dependent cancers), as inhibition of inflammation via NF-κB
and COX-2 is associated with reduced estrogen synthesis
(24–26), which is thought to be a critical component for endo-
metrial proliferation (27, 28). However, this latter hypothesized
mechanism predominantly represents inhibition of estrogen
signaling via aromatase, which would be expected to occur pri-
marily among noncycling (i.e., postmenopausal) women.

Researchers in 2 prospective cohort studies (16, 17) and 1
population-based case-control study (29) have reported on
associations between LC ω-3 PUFAs and endometrial cancer
risk in predominantly white study populations. Findings are
somewhat inconsistent. Among postmenopausal women in
the VITAL Study (<1% African-American), a cohort study
of women living in the Seattle-Puget Sound, Washington,
area, we previously reported that hazard ratios for endometrial
cancer associated with intakes of LC ω-3 PUFAs were 1.66
(95% CI: 1.09, 1.55) and 1.79 (95% CI: 1.16, 1.75) for EPA
andEPA + DHA, respectively (16).However, therewere clear
differences in the associations when the analysis was strati-
fied on BMI. In contrast to the positive association observed
among all women, LC ω-3 PUFA intakes were associated
with a reduction in incidence among normal-weight women
(EPA: HR = 0.42, 95% CI: 0.18, 0.99 (P-trend = 0.05);
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DHA: HR = 0.35, 95% CI: 0.14, 0.85 (P-trend = 0.02)).
Among overweight/obese women, LC ω-3 PUFAs were asso-
ciated with more than a 2-fold higher endometrial cancer risk
(EPA:HR= 2.62, 95%CI: 1.55, 4.41 (P-trend < 0.001); DHA:
HR = 2.60, 95%CI: 1.53, 4.40 (P-trend < 0.001)). P values for
interactions between EPA, DHA, and EPA +DHA intake and
BMI were all statistically significant.
In the largest study of this topic to date (to our knowl-

edge), we recently examined these associations in the WHI

(n = 5,745AfricanAmericans (<7%)) (17).Relative towomen
who consumed the lowest amount of LC ω-3 PUFAs (EPA +
DPA + DHA), women who consumed the most had a 19%
reduced risk (HR = 0.81, 95% CI: 0.66, 1.00; P-trend = 0.04)
of endometrial cancer. Associations were similar for the indi-
vidual fatty acids. Upon stratification by BMI, we observed
stronger reductions in endometrial cancer risk among normal-
weight women, but they did not replicate the increased risk ob-
served in the VITAL Study among overweight/obese women.

Table 3. Associations Between Fish Intake and Endometrial Cancer Risk in the BlackWomen’s Health Study, Overall and Stratified on BodyMass

Index, 1995–2013

Quartile of Fish Intakeb
No. of
Cases

HRc 95% CI HRc,d 95% CI

BMIa <25 BMI ≥25

No. of
Cases

HRc,d 95% CI
No. of
Cases

HRc,d 95% CI

Total fish

1 57 1.00 Referent 1.00 Referent 12 1.00 Referent 44 1.00 Referent

2 58 0.87 0.59, 1.29 0.83 0.54, 1.26 11 0.57 0.22, 1.48 47 0.92 0.57, 1.48

3 85 1.23 0.86, 1.75 1.19 0.80, 1.76 21 1.35 0.62, 2.94 62 1.15 0.73, 1.82

4 63 0.79 0.54, 1.17 0.86 0.56, 1.31 14 0.65 0.26, 1.61 49 0.94 0.58, 1.53

P-trende 0.586 0.905 0.793 0.954

P-interactionf 0.712

Baked/broiled fish

1 84 1.00 Referent 1.00 Referent 12 1.00 Referent 71 1.00 Referent

2 83 0.94 0.67, 1.30 1.05 0.73, 1.51 20 1.44 0.63, 3.27 62 0.97 0.64, 1.47

3 52 0.87 0.60, 1.25 1.11 0.74, 1.67 16 1.71 0.72, 4.02 36 0.99 0.62, 1.59

4 53 0.75 0.51, 1.08 0.88 0.58, 1.34 12 0.66 0.24, 1.84 40 0.95 0.59, 1.50

P-trend 0.112 0.638 0.566 0.840

P-interaction 0.955

Tuna salad/casserole

1 63 1.00 Referent 1.00 Referent 10 1.00 Referent 52 1.00 Referent

2 71 1.10 0.77, 1.58 1.04 0.71, 1.54 17 1.48 0.62, 3.52 53 0.92 0.60, 1.43

3 76 1.07 0.75, 1.52 0.93 0.63, 1.37 21 1.35 0.56, 3.23 55 0.83 0.54, 1.29

4 63 1.05 0.72, 1.54 0.93 0.61, 1.40 15 1.65 0.66, 4.06 47 0.80 0.50, 1.28

P-trend 0.858 0.584 0.355 0.294

P-interaction 0.111

Fried fish/shellfish

1 71 1.00 Referent 1.00 Referent 21 1.00 Referent 49 1.00 Referent

2 63 1.22 0.85, 1.74 1.22 0.82, 1.81 12 0.56 0.23, 1.36 50 1.55 0.98, 2.46

3 85 1.46 1.04, 2.04 1.45 1.00, 2.11 17 1.04 0.50, 2.18 67 1.65 1.06, 2.59

4 57 1.05 0.71, 1.55 1.08 0.70, 1.65 12 0.82 0.33, 2.05 45 1.22 0.74, 2.00

P-trend 0.745 0.436 0.915 0.350

P-interaction 0.907

Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio.
a Weight (kg)/height (m)2.
b Quartiles of fish intake in serving-size-adjusted servings/week.
c HRs and 95% CIs were derived from Cox proportional hazards regression models and adjusted for age (time variable), time period, and total

energy intake.
d Additionally adjusted for US region, education, bodymass index, physical activity, alcohol consumption, smoking, fruit consumption, vegetable

consumption, age at menarche, age at menopause, parity, age at first birth, duration of combined hormone therapy, duration of estrogen-alone

hormone therapy, duration of oral contraceptive use, and diabetes.
e P values for trend were calculated by treating categorical exposure variables as continuous in regression models.
f P values for interaction were calculated by means of the Wald test using a cross-product term in regression models.
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Fornormal-weightwomen, thehighest quintile ofLCω-3PUFA
intake versus the lowest quintile was associated with a 41% re-
duction (HR = 0.59, 95% CI: 0.40, 0.86; P-trend = 0.001) in
incidence, whereas for overweight/obese women, there was
no association with risk (P-trend = 0.91; P-interaction = 0.01).
In the case-control study (n = 71 nonwhites (<7%)), Arem
et al. (29) reported 36%–43% reductions in the odds of endo-
metrial cancer, but they did not examine effect modification
by BMI. In the current study, the magnitude of associations
between LC ω-3 PUFA intake and endometrial cancer risk,
both overall and among normal-weight women, were similar
to those reported in the WHI.

Aside from differences in race/ethnicity, there are a few other
notable differences between the BWHS and prior studies. In
the VITAL Study, the energy-adjusted mean LC ω-3 PUFA
(i.e., EPA + DPA +DHA) intake was 193 mg/day (difference
between quintile 5 and quintile 1 = 148 mg/day), and in the
WHI, it was 143 mg/day (quintile 5− quintile 1 = 196 mg/day).
In the BWHS, the adjusted mean intake was 121 mg/day
at baseline (1995) and 193 mg/day in 2001 (1995: quintile 5−
quintile 1 = 119 mg/day; 2001: quintile 5− quintile 1 = 212
mg/day). The increase in LC ω-3 PUFA content between 1995
and 2001 was probably due to the use of expanded questions
to ascertain fish intake on the 2001 questionnaire. Additionally,
previous studies were conducted in mostly postmenopausal
women (n = 1,260premenopausalwomen in theVITALStudy),
whereas many BWHS women were premenopausal. However,
LC ω-3 PUFA intakes among postmenopausal women in the
BWHS were lower than those of premenopausal women. Al-
though different FFQs were used in the BWHS versus the
VITALandWHIstudies, questions regardingfish intake, thepri-
mary source of LCω-3 PUFAs in the diet, were nearly identical.

Hazard ratios for high intakes of α-linolenic acid (18:3ω3),
linolenic acid (18:2ω6), and total ω-6 PUFAs were consis-
tently below 1.0 among normal-weight women in the present
study, although the estimates were all compatible with 1.0.
Inverse associations are not supported by previous studies,
which have found no associations between intakes of these
fatty acids and risk of endometrial cancer (16, 17, 29).

The fact that we observed associations for LC ω-3 PUFAs
similar in magnitude and direction to those of the WHI (and
in some cases, the VITAL Study) suggests that our findings,
while relatively imprecise, may indeed have meaning. Never-
theless, the reductions in risk we observed with high intakes
of α-linolenic acid or linolenic acid in women with BMIs less
than 25 complicate the interpretation of the LC ω-3 PUFA
data. In previous studies, there was some evidence of an in-
verse association between LC ω-3 PUFA intake and risk of
type I (i.e., endometrioid) endometrial cancers (16, 17). Only
60% of endometrial cancer cases in the BWHS had medical
record data available for abstraction of histological subtype,
leaving too few cases for subtype analysis here.

Results from several case-control studies of fish intake and
endometrial cancer risk have been mixed (30). There have
been 4 prospective studies of fish consumption and endome-
trial cancer risk (16, 17, 31, 32). Findings among them have
also been inconsistent. Null results were reported for total or
fried fish in the National Institutes of Health-AARP [for-
merly American Association of Retired Persons] Diet and
Health Study (n = 10,287 nonwhites (9%)) (31), and total

seafood intake was associated with a 40% increased (95%
CI not given; P-trend < 0.05) endometrial cancer risk in the
Iowa Women’s Health Study (n = 193 African Americans
(<1%)) (32). In the Iowa Women’s Health Study, BMI was
not included for adjustment in regression models, but it is un-
clearwhether thiswould explain the study’sfindings. In contrast
to the National Institutes of Health-AARP and Iowa Women’s
Health Study cohorts, and similar to the findings reported here,
the highest categories of intake of baked or broiled fish (relative
to the lowest categories) in the VITAL Study (16) and the WHI
(17) were associated with 57% (HR= 0.43, 95%CI: 0.16, 1.13;
P-trend = 0.12) and 46% (HR = 0.54, 95% CI: 0.34, 0.88;
P-trend < 0.001) reductions in endometrial cancer risk, respec-
tively, among normal-weight women. Similar to findings re-
ported for LC ω-3 PUFA intake, increased endometrial cancer
risks were observed for baked or broiled fish intake among
overweight/obese women in the VITAL Study (HR = 2.87,
95% CI: 1.27, 6.51; P-trend < 0.001, P-interaction = 0.02) (16),
and no associations were observed among overweight/obese
women in the WHI (P-trend = 0.24, P-interaction = 0.04) (17).

This study had several notable strengths. To our knowledge,
itwas thefirst study to examine the associations betweenLCω-3
PUFA consumption and endometrial cancer risk in African-
American women. Unlike previous analyses that relied exclu-
sively upon baseline diet data (16, 17), in the BWHS, dietary
intake was measured over the course of 2 FFQs given 6 years
apart. In this study, the intraclass correlation coefficient for cor-
relation between total LC ω-3 PUFAs measured in 1995 and in
2001was 0.13. This low correlation was probably due in part to
the expansion of the 2001 FFQ tomeasure additional fish items.
Nevertheless, the reliabilityof 2FFQs separated byseveral years
would be expected to be fairly low, lending added support to the
inclusion of repeated measures in our regression analyses. Ad-
ditionally, several important confounders were controlled.

Our study also had a number of limitations. The relatively
young cohort, with amedian baseline age of 35 years, resulted
in small case numbers for this analysis, especially for analy-
ses stratified on BMI, and therefore limited our statistical
power to detect anything but the strongest of associations.
Nevertheless,with282 incident endometrial cancers, therewere
slightly more cases than in the VITAL Study cohort (n = 263
cases). Medical records were unavailable for 40% of incident
endometrial cancers; misclassification of cases would have
tended to bias associations towards the null value. Additionally,
line items in the FFQ that assessed fish intake were not vali-
dated in the BWHS, thereby adding to nondifferential measure-
ment error, which may further explain our null findings.

In summary, in the present study, results were null, with
some suggestion that intakes of LCω-3 PUFAs are associated
with reduced risks of endometrial cancer among African-
American women with lower body mass. These findings
among leaner women support recent and similar findings
from prospective studies conducted among predominantly
white populations (16, 17).

ACKNOWLEDGMENTS

Author affiliations: Division of Cancer Prevention and
Control, Department of Internal Medicine, Ohio State College

LC ω-3 PUFAs and Endometrial Cancer Risk 207

Am J Epidemiol. 2016;183(3):199–209



of Medicine, Columbus, Ohio (Theodore M. Brasky); Slone
Epidemiology Center, Boston, Massachusetts (Todd R.
Sponholtz, Julie R. Palmer, Edward A. Ruiz-Narváez,
Lauren A. Wise, Lynn Rosenberg); and Department of Epi-
demiology, School of Public Health, Boston University, Bos-
ton, Massachusetts (Todd R. Sponholtz, Julie R. Palmer,
Edward A. Ruiz-Narváez, Lauren A. Wise, Lynn Rosenberg).
This work was supported by National Cancer Institute grants

R01-CA58420 (Principal Investigator (PI): L.R.), UM1-
CA164974 (PI: L.R.), and R03-CA169888 (PI: L.A.W.).
We gratefully acknowledge the contributions of the

Black Women’s Health Study staff, as well as Dr. Shiriki
Kumanyika, who conducted a validation study of the 1995
food frequency questionnaire (20); Martha Singer, who as-
signed nutrient values to foods using food tables; and Drs.
Sara Olson and Rie Adser Virkus, who provided feedback.
Data on endometrial cancer pathology were obtained from

several state cancer registries (Arizona, California, Colorado,
Connecticut, Delaware, Florida, Georgia, Illinois, Indiana,
Kentucky, Louisiana, Maryland, Massachusetts, Michigan,
New Jersey, New York, North Carolina, Oklahoma, Pennsyl-
vania, South Carolina, Tennessee, Texas, and Virginia) and
the District of Columbia.
The study sponsors played no role in the study design, data

collection, analyses, or interpretation of results, the prepara-
tion of the manuscript, or the decision to submit the manu-
script for publication. The results reported here do not
necessarily represent the views of the National Cancer Insti-
tute or the respective state cancer registries.
Conflict of interest: none declared.

REFERENCES

1. American Cancer Society. Cancer Facts and Figures 2015.
Atlanta, GA: American Cancer Society; 2015.

2. Howlader N, Noone A, Krapcho M, et al. SEER Cancer
Statistics Review, 1975–2011. Bethesda, MD: National Cancer
Institute; 2012.

3. Jamison PM, Noone AM, Ries LA, et al. Trends in endometrial
cancer incidence by race and histology with a correction for the
prevalence of hysterectomy, SEER 1992 to 2008. Cancer
Epidemiol Biomarkers Prev. 2013;22(2):233–241.

4. Brinton LA, Felix AS, McMeekin DS, et al. Etiologic
heterogeneity in endometrial cancer: evidence from a
Gynecologic Oncology Group trial. Gynecol Oncol. 2013;
129(2):277–284.

5. Yang HP, Wentzensen N, Trabert B, et al. Endometrial
cancer risk factors by 2 main histologic subtypes: the
NIH-AARP Diet and Health Study. Am J Epidemiol. 2013;
177(2):142–151.

6. Felix AS,Weissfeld JL, Stone RA, et al. Factors associated with
type I and type II endometrial cancer. Cancer Causes Control.
2010;21(11):1851–1856.

7. Dossus L, Rinaldi S, Becker S, et al. Obesity, inflammatory
markers, and endometrial cancer risk: a prospective case-
control study. Endocr Relat Cancer. 2010;17(4):1007–1019.

8. Wang T, Rohan TE, Gunter MJ, et al. A prospective study of
inflammation markers and endometrial cancer risk in
postmenopausal hormone nonusers. Cancer Epidemiol
Biomarkers Prev. 2011;20(5):971–977.

9. Dossus L, Becker S, Rinaldi S, et al. Tumor necrosis factor
(TNF)-α, soluble TNF receptors and endometrial cancer risk:
the EPIC study. Int J Cancer. 2011;129(8):2032–2037.

10. Brasky TM, Moysich KB, Cohn DE, et al. Non-steroidal
anti-inflammatory drugs and endometrial cancer risk in the
VITamins And Lifestyle (VITAL) cohort. Gynecol Oncol.
2013;128(1):113–119.

11. Kantor ED, Lampe JW, Vaughan TL, et al. Association
between use of specialty dietary supplements and C-reactive
protein concentrations. Am J Epidemiol. 2012;176(11):
1002–1013.

12. Micallef MA, Munro IA, Garg ML. An inverse relationship
between plasma n-3 fatty acids and C-reactive protein in healthy
individuals. Eur J Clin Nutr. 2009;63(9):1154–1156.

13. Ebrahimi M, Ghayour-Mobarhan M, Rezaiean S, et al.
Omega-3 fatty acid supplements improve the cardiovascular
risk profile of subjects with metabolic syndrome, including
markers of inflammation and auto-immunity. Acta Cardiol.
2009;64(3):321–327.

14. Malekshahi Moghadam A, Saedisomeolia A, Djalali M, et al.
Efficacy of omega-3 fatty acid supplementation on serum levels
of tumour necrosis factor-alpha, C-reactive protein and
interleukin-2 in type 2 diabetes mellitus patients. Singapore
Med J. 2012;53(9):615–619.

15. Micallef MA, Garg ML. Anti-inflammatory and
cardioprotective effects of n-3 polyunsaturated fatty acids and
plant sterols in hyperlipidemic individuals. Atherosclerosis.
2009;204(2):476–482.

16. Brasky TM, Neuhouser ML, Cohn DE, et al. Associations of
long-chain ω-3 fatty acids and fish intake with endometrial
cancer risk in the VITamins And Lifestyle cohort. Am J Clin
Nutr. 2014;99(3):599–608.

17. Brasky TM, Rodabough RJ, Liu J, et al. Long-chain ω-3 fatty
acid intake and endometrial cancer risk in the Women’s Health
Initiative. Am J Clin Nutr. 2015;101(4):824–834.

18. Rosenberg L, Adams-Campbell L, Palmer JR. The Black
Women’s Health Study: a follow-up study for causes and
preventions of illness. J Am Med Womens Assoc. 1995;50(2):
56–58.

19. Block G, Hartman AM, Naughton D. A reduced dietary
questionnaire: development and validation. Epidemiology.
1990;1(1):58–64.

20. Kumanyika SK,Mauger D,Mitchell DC, et al. Relative validity
of food frequency questionnaire nutrient estimates in the Black
Women’s Health Study. Ann Epidemiol. 2003;13(2):111–118.

21. Willett WC, Howe GR, Kushi LH. Adjustment for total
energy intake in epidemiologic studies. Am J Clin Nutr. 1997;
65(4 suppl):1220S–1228S.

22. Chapkin RS, Kim W, Lupton JR, et al. Dietary
docosahexaenoic and eicosapentaenoic acid: emerging
mediators of inflammation. Prostaglandins Leukot Essent Fatty
Acids. 2009;81(2-3):187–191.

23. Bagga D, Wang L, Farias-Eisner R, et al. Differential effects
of prostaglandin derived from omega-6 and omega-3
polyunsaturated fatty acids on COX-2 expression and
IL-6 secretion. Proc Natl Acad Sci U S A. 2003;100(4):
1751–1756.

24. Ebert AD, Bartley J, David M. Aromatase inhibitors and
cyclooxygenase-2 (COX-2) inhibitors in endometriosis: new
questions—old answers? Eur J Obstet Gynecol Reprod Biol.
2005;122(2):144–150.

25. Gates MA, Tworoger SS, Eliassen AH, et al. Analgesic use
and sex steroid hormone concentrations in postmenopausal
women. Cancer Epidemiol Biomarkers Prev. 2010;19(4):
1033–1041.

208 Brasky et al.

Am J Epidemiol. 2016;183(3):199–209



26. Wallace AE, Gibson DA, Saunders PT, et al. Inflammatory
events in endometrial adenocarcinoma. J Endocrinol. 2010;
206(2):141–157.

27. Allen NE, Key TJ, Dossus L, et al. Endogenous sex hormones
and endometrial cancer risk in women in the European
Prospective Investigation into Cancer and Nutrition (EPIC).
Endocr Relat Cancer. 2008;15(2):485–497.

28. Henderson BE, Ross RK, Pike MC, et al. Endogenous
hormones as a major factor in human cancer.Cancer Res. 1982;
42(8):3232–3239.

29. Arem H, Neuhouser ML, Irwin ML, et al. Omega-3 and
omega-6 fatty acid intakes and endometrial cancer risk in a

population-based case-control study. Eur J Nutr. 2013;52(3):
1251–1260.

30. Bandera EV, Kushi LH, Moore DF, et al. Consumption of
animal foods and endometrial cancer risk: a systematic literature
review and meta-analysis. Cancer Causes Control. 2007;18(9):
967–988.

31. AremH, GunterMJ, Cross AJ, et al. A prospective investigation
of fish, meat and cooking-related carcinogens with endometrial
cancer incidence. Br J Cancer. 2013;109(3):756–760.

32. ZhengW,Kushi LH, Potter JD, et al. Dietary intake of energy and
animal foods and endometrial cancer incidence. The Iowa
Women’s Health Study. Am J Epidemiol. 1995;142(4):388–394.

LC ω-3 PUFAs and Endometrial Cancer Risk 209

Am J Epidemiol. 2016;183(3):199–209



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


