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IMPORTANCE Although the associations between processedmeat intake and cardiovascular

disease (CVD) and all-cause mortality have been established, the associations of unprocessed

redmeat, poultry, or fish consumption with CVD and all-cause mortality are still uncertain.

OBJECTIVE To identify the associations of processedmeat, unprocessed redmeat, poultry, or

fish intake with incident CVD and all-cause mortality.

DESIGN, SETTING, AND PARTICIPANTS This cohort study analyzed individual-level data of adult

participants in 6 prospective cohort studies in the United States. Baseline diet data from 1985

to 2002were collected. Participants were followed up until August 31, 2016. Data analyses

were performed fromMarch 25, 2019, to November 17, 2019.

EXPOSURES Processedmeat, unprocessed redmeat, poultry, or fish intake as continuous

variables.

MAIN OUTCOMES ANDMEASURES Hazard ratio (HR) and 30-year absolute risk difference

(ARD) for incident CVD (composite end point of coronary heart disease, stroke, heart failure,

and CVD deaths) and all-cause mortality, based on each additional intake of 2 servings per

week for monotonic associations or 2 vs 0 servings per week for nonmonotonic associations.

RESULTS Among the 29682 participants (mean [SD] age at baseline, 53.7 [15.7] years;

13 168 [44.4%]men; and 9101 [30.7%] self-identified as non-white), 6963 incident CVD

events and 8875 all-cause deaths were adjudicated during a median (interquartile range)

follow-up of 19.0 (14.1-23.7) years. The associations of processedmeat, unprocessed red

meat, poultry, or fish intake with incident CVD and all-cause mortality were monotonic (P for

nonlinearity � .25), except for the nonmonotonic association between processedmeat

intake and incident CVD (P for nonlinearity = .006). Intake of processedmeat (adjusted HR,

1.07 [95% CI, 1.04-1.11]; adjusted ARD, 1.74% [95% CI, 0.85%-2.63%]), unprocessed redmeat

(adjusted HR, 1.03 [95% CI, 1.01-1.06]; adjusted ARD, 0.62% [95% CI, 0.07%-1.16%]), or

poultry (adjusted HR, 1.04 [95% CI, 1.01-1.06]; adjusted ARD, 1.03% [95% CI, 0.36%-1.70%])

was significantly associated with incident CVD. Fish intake was not significantly associated

with incident CVD (adjusted HR, 1.00 [95% CI, 0.98-1.02]; adjusted ARD, 0.12% [95% CI,

−0.40% to 0.65%]). Intake of processedmeat (adjusted HR, 1.03 [95% CI, 1.02-1.05];

adjusted ARD, 0.90% [95% CI, 0.43%-1.38%]) or unprocessed redmeat (adjusted HR, 1.03

[95% CI, 1.01-1.05]; adjusted ARD, 0.76% [95% CI, 0.19%-1.33%]) was significantly associated

with all-cause mortality. Intake of poultry (adjusted HR, 0.99 [95% CI, 0.97-1.02]; adjusted

ARD, −0.28% [95% CI, −1.00% to 0.44%]) or fish (adjusted HR, 0.99 [95% CI, 0.97-1.01];

adjusted ARD, −0.34% [95% CI, −0.88% to 0.20%]) was not significantly associated with

all-cause mortality.

CONCLUSIONS AND RELEVANCE These findings suggest that, among US adults, higher intake of

processedmeat, unprocessed redmeat, or poultry, but not fish, was significantly associated

with a small increased risk of incident CVD, whereas higher intake of processedmeat or

unprocessed redmeat, but not poultry or fish, was significantly associated with a small

increased risk of all-cause mortality. These findings have important public health implications

and should warrant further investigations.

JAMA Intern Med. 2020;180(4):503-512. doi:10.1001/jamainternmed.2019.6969

Published online February 3, 2020.

Supplemental content

Author Affiliations:Division of

Nutritional Sciences, Cornell

University, Ithaca, New York (Zhong);

Department of Preventive Medicine,

Northwestern University Feinberg

School of Medicine, Chicago, Illinois

(Zhong, Van Horn, Greenland,

Carnethon, Ning, Wilkins,

Lloyd-Jones, Allen).

Corresponding Author: VictorW.

Zhong, PhD, Division of Nutritional

Sciences, Cornell University,

315 Savage Hall, 244 Garden Ave,

Ithaca, NY 14853 (wenze.zhong@

cornell.edu).

Research

JAMA InternalMedicine | Original Investigation

(Reprinted) 503

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2019.6969?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.6969
https://jamanetwork.com/journals/imd/fullarticle/10.1001/jamainternmed.2019.6969/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.6969
mailto:wenze.zhong@cornell.edu
mailto:wenze.zhong@cornell.edu


P
rocessedmeat, unprocessed redmeat, poultry, and fish

aremajor componentsof theUSdiet, representingmore

than 40%of protein intake, 42%of dietary cholesterol

intake, and 26%of total energy intake in adults.1,2 From 1999

to2016, themeanconsumptionofprocessedmeat and fishdid

not change, whereas the mean consumption of unprocessed

redmeat decreased and poultry increased among US adults.3

Thepositive associations betweenprocessedmeat intake and

cardiovascular disease (CVD) andmortality have been estab-

lished, but the associations of unprocessed red meat, poul-

try, or fish intake with CVD and mortality remain uncertain,

partly owing to heterogeneity across studies, methodologi-

cal limitations, and limited data from long-term prospective

cohort studies.4

To address the foregoing research gaps, we pooled indi-

vidual-leveldata from6prospectivecohortstudiesofUSadults.

The primary objective of this studywas to establish the asso-

ciations of processedmeat, unprocessed redmeat, poultry, or

fish intake with incident CVD and all-cause mortality.

Methods

This cohort study, which consisted of secondary data analy-

sis of deidentified data, was conducted fromMarch 25, 2019,

to November 17, 2019. The studywas approved by the North-

western University Institutional Review Board, which deter-

mined that specific consent from participants was not re-

quired. Each of the 6 original cohort studies obtainedwritten

informed consent from all of their respective participants.

Study Sample

The included 6 cohortswere part of the LifetimeRisk Pooling

Project,5 comprising the ARIC (Atherosclerosis Risk in Com-

munities) study, CARDIA (Coronary Artery Risk Develop-

ment in Young Adults) study, CHS (Cardiovascular Health

Study), FHS (Framingham Heart Study), FOS (Framingham

Offspring Study), and MESA (Multi-Ethnic Study of Athero-

sclerosis). Baseline diet data from 1985 to 2002 were col-

lected. The baseline visit for FHS (1986-1990) was examina-

tion 20 and for FOS (1991-1995) was examination 5, owing to

theavailabilityofvalidateddietdata.Theoriginalbaselinevisit

was used for the other 4 cohorts: 1986-1989 for ARIC, 1985-

1986 for CARDIA, 1989-1990 for CHS, and 2000-2002 for

MESA. Eligible participants were free of CVD at baseline, had

self-reported total caloric intake between 500 and 6000 kcal

per day, and had nomissing data for the study variables.

Diet Data Assessment

Dietary intake was collected using a validated food fre-

quency questionnaire or diet history.6-10 Diet data were har-

monized using a standardized protocol. The samedefinitions

for food groups were applied, and serving sizes were unified.

Primary dietary exposures were processed meat, unpro-

cessed red meat, poultry, or fish (including shellfish) intake.

Foods in mixed dishes were considered. One serving was de-

finedprimarily according to thewidelyusedWillett FoodFre-

quency Questionnaire.11 One serving was equivalent to 4 oz

of unprocessed red meat or poultry or 3 oz of fish. For pro-

cessed meat, 1 serving consisted of 2 slices of bacon, 2 small

links of sausage, or 1 hot dog. Details about the diet data har-

monizationmethodshavebeendescribed.12Onlybaselinediet

data were analyzed.

Outcome Ascertainment

All eventswereadjudicatedbyeachoriginal cohortusing simi-

lar criteria.5Twoprimaryoutcomeswere incidentCVDandall-

causemortality. Incident CVDwas a composite endpoint that

included fatal and nonfatal coronary heart disease, fatal and

nonfatal stroke, fatal andnonfatal heart failure, andotherCVD

deaths. Vital status was ascertained for 98% of the partici-

pants.The last eventwasascertainedonthe last follow-update

of August 31, 2016.

Covariate Assessment

The following variables were self-reported: age, sex, race/

ethnicity, educational level, smoking statusandpack-years, al-

cohol intake, physical activity, medication use, and medical

conditions. Race/ethnicitywas self-reported throughanswer-

ing questions with fixed categories. The inclusion of racially/

ethnically diverse samples increased generalizability and al-

lowed the explorationof racial/ethnic differences in the study

findings. The followingvariablesweremeasured according to

standard protocols: bodymass index (calculated as weight in

kilograms divided by height in meters squared), blood pres-

sure, and serum lipid levels.

Statistical Analysis

Cause-specific hazard models were used to identify the

associations of processed meat, unprocessed red meat,

poultry, or fish intake with incident CVD. Standard propor-

tional hazards models were used for all-cause mortality.

Cause-specific hazard models are recommended for exam-

ining the origin of an association in the presence of compet-

ing risks (eg, non-CVD death as a competing risk for incident

CVD).13 For incident CVD, only the first event was consid-

ered. Intake of the 4 food types was winsorized at the 0.5

and 99.5 percentiles. The supremum test was used to assess

Key Points

Question Is consuming processedmeat, unprocessed redmeat,

poultry, or fish associated with incident cardiovascular disease and

all-cause mortality?

Findings In this cohort study of 29 682 US adults pooled from

6 prospective cohort studies, intake of processedmeat,

unprocessed redmeat, or poultry was significantly associated with

incident cardiovascular disease, but fish intake was not. Intake of

processedmeat or unprocessed redmeat was significantly

associated with all-cause mortality, but intake of poultry or fish

was not.

Meaning The findings of this study appear to have critical public

health implications given that dietary behaviors are modifiable

andmost people consume these 4 food types on a daily or weekly

basis.
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proportional hazards assumption.14 Violation of the

assumption was corrected through stratifying 1 or more of

the following variables: age groups, sex, and race/ethnicity.

To evaluate for a nonmonotonic association, polynomial

terms were included if the model fit was significantly

improved. The unit of interpretation was based on each

additional intake of 2 servings per week (approximately

0.29 serving per day), close to the median intake in the

study sample, for monotonic associations or a comparison

of 2 with 0 servings per week for nonmonotonic associa-

tions.

Cohort-stratifiedmodelswere adjusted for age, sex, race/

ethnicity (non-Hispanic white, non-Hispanic black, His-

panic, Chinese, or other), andeducational level (less thanhigh

school, high school, or some college or higher) (model 1); plus

total energy, cohort-specific physical activity z score, smok-

ing status (never, former, or current), smoking pack-years

(0, 0.1-4.9, 5.0-9.9, 10-19.9, 20-29.9, 30-39.9, or ≥40), alco-

hol intake (grams), and hormone therapy (yes or no) (model

2); plus 3 of the 4 exposure variables, eggs, fruits, vegetables

(excluding potatoes and legumes), potatoes, legumes, whole

grains, refined grains, nuts and seeds, low-fat dairy products,

high-fat dairy products, and sugar-sweetened beverages

(model 3).

For eachhazard ratio (HR) frommodels 1 to 3, an absolute

risk difference (ARD) was computed using R packages

riskRegression,15 pec,16 and survival.17Themean value of the

covariates, a prespecified length of follow-up (10, 20, or 30

years) and an intake difference of 2 servings per week for the

exposureswereused. The95%CIwasderived from500boot-

strap samples.

A secondary objective of this studywas to examine the as-

sociationsofprocessedmeat,unprocessedredmeat,poultry,or

fish intakewith incidentCVDandall-causemortalityby the fol-

lowing subgroups: age (<45, 45-64, or ≥65 years), sex (male or

female), race/ethnicity(non-Hispanicwhite,non-Hispanicblack,

orother),educational level (<highschool,highschool,or ≥ some

college), smokingstatus (never, former, or current),weight sta-

tus (normal/underweight, overweight, or obese), diabetes (yes

or no), hypertension (yes or no), hyperlipidemia (yes or no; de-

fined as use of lipid-lowering drugs or total cholesterol level of

≥240 mg/dL [to convert to millimoles per liter, multiply by

0.0259]), low lipids level (yesorno;definedasnonuseof lipid-

loweringdrugsand low-density lipoproteincholesterol level of

<70mg/dL[toconverttomillimolesper liter,multiplyby0.0259]

ornon-high-densitylipoproteincholesterol levelof<100mg/dL),

higher-quality diet (yes or no; defined as an Alternate Healthy

EatingIndex201018scoreinthehighestquartile),high-saturated-

fatdiet (yesorno;definedaspercentageofenergyfromsaturated

fat in thehighestquartile), low-saturated-fatdiet (yesorno;de-

finedaspercentageof energy fromsaturated fat <7%), high-fat

diet (yes or no; defined as percentage of energy from fat in the

highestquartile),high-proteindiet (yesorno;definedaspercent-

age of energy from protein in the highest quartile), and high-

carbohydratediet(yesorno;definedaspercentageofenergyfrom

carbohydrates inthehighestquartile).Pvaluefor interactionwas

obtainedwiththejointtest19 formonotonicassociationsandlike-

lihood ratio test20 for nonmonotonic associations.

Eight sensitivity analyses were conducted as follows: (1)

missing data were imputed using multiple imputation by

chained equations21; (2) events that occurred within 2 years

orwithin5yearsof follow-upwereexcluded; (3) follow-upwas

arbitrarily truncated at 10 and 20 years; (4) any 1 of the 6 co-

horts was removed; (5) cohort-specific quintiles of the intake

wereused; (6) energydensitymodelswereusedand the4 food

typeswere in energy-adjusted form (ie, servings perweekper

1000 kcal); (7) subdistribution hazardmodels were used that

may be more appropriate for prediction rather than cause

investigation13; and (8) fishwasdivided into fatty fishandnon-

fatty fish.

A 2-tailed P < .01 was set a priori to account for multiple

comparisons for primary analyses, including4 exposures and

2 outcomes. Bonferroni correction (0.05/8 = .006) was inap-

propriately conservativebecauseof the correlationwithinpri-

mary exposures andoutcomes. Results fromsubgroup analy-

ses were undertaken as exploratory analyses. Statistical

analyses were conducted using R, version 3.6.1 (R Project for

StatisticalComputing) andSAS,version9.4 (SAS Institute Inc).

Results

Among the 29682 total participants, the mean (SD) age was

53.7 (15.7) years atbaseline, 13 168 (44.4%)weremale, and9101

(30.7%) self-identified as non-white (Table 1). The median

(interquartile range [IQR]) intake in servings perweekwas 1.5

(0.5-3.8) for processedmeat, 3.0 (1.5-5.0) for unprocessed red

meat, 2.0 (1.0-3.0) for poultry, and 1.6 (0.9-3.4) for fish. Com-

paredwithparticipantswith lower total intake of these4 food

types, participants with higher total intake (1) were younger

and more likely to be male, non-Hispanic black, and current

smokers and tohavediabetes, higher bodymass index, higher

non-high-density lipoprotein cholesterol levels, higher en-

ergy intake, and higher alcohol intake; (2) had lower high-

density lipoprotein cholesterol levels, had lower diet quality,

andwere less likely to use lipid-lowering drugs and hormone

therapy;and(3)hadhigher incidenceofCVDandall-causemor-

tality. Partial correlation coefficients between the4 food types

and a range of dietary and other lifestyle factors are shown in

eTable 1 in the Supplement.

Primary Outcomes

During a total of 562624 follow-up years, 6963 incident CVD

events (2687coronaryheartdiseaseevents [38.6%], 1740stroke

events [25.0%], 2366 heart failure events [34.0%], and 170

other CVD deaths [2.4%]) and 8875 all-cause deaths oc-

curred. The median (IQR) follow-up duration was 19.0 (14.1-

23.7) years. The associations of processedmeat, unprocessed

red meat, poultry, or fish intake with incident CVD and all-

causemortalityweremonotonic (P for nonlinearity ≥.25), ex-

cept for the association between processed meat intake and

incident CVD (P for nonlinearity = .006) (Figure 1).

Basedon themost fully adjustedmodel 3, processedmeat

intake was statistically significantly associated with incident

CVD (comparing 2 vs 0 servings per week; HR, 1.07 [95% CI,

1.04-1.11]; 30-yearARD, 1.74%[95%CI,0.85%-2.63%]) (Figure2
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Table 1. Baseline Characteristics of the Study Sample, Overall and by Quartiles of the Total Intake ofMeat, Poultry, and Fish

Variable

No. (%)

Total (N = 29 682) Quartile 1 (n = 7423) Quartile 2 (n = 7387) Quartile 3 (n = 7451) Quartile 4 (n = 7421)

Age, mean (SD), y 53.7 (15.7) 55.3 (16.6) 53.7 (15.1) 53.6 (14.7) 52.3 (16.3)

Sex

Female 16 514 (55.6) 4840 (65.2) 4389 (59.4) 3945 (52.9) 3340 (45.0)

Male 13 168 (44.4) 2583 (34.8) 2998 (40.6) 3506 (47.1) 4081 (55.0)

Race/ethnicity

Non-Hispanic white 20 581 (69.3) 5082 (68.5) 5415 (73.3) 5377 (72.2) 4707 (63.4)

Non-Hispanic black 7004 (23.6) 1413 (19.0) 1482 (20.1) 1705 (22.9) 2404 (32.4)

Hispanic 1348 (4.5) 618 (8.3) 311 (4.2) 218 (2.9) 201 (2.7)

Chinese 731 (2.5) 305 (4.1) 178 (2.4) 147 (2.0) 101 (1.4)

Othera 18 (0.1) 5 (0.1) 1 (0) 4 (0.1) 8 (0.1)

Educational level

<High school 5541 (18.7) 1417 (19.1) 1194 (16.2) 1298 (17.4) 1632 (22.0)

High school 8461 (28.5) 2078 (28.0) 2142 (29.0) 2132 (28.6) 2109 (28.4)

≥Some college 15 680 (52.8) 3928 (52.9) 4051 (54.8) 4021 (54.0) 3680 (49.6)

Smoking status

Never 14 772 (49.8) 4021 (54.2) 3749 (50.8) 3613 (48.5) 3389 (45.7)

Former 8853 (29.8) 2144 (28.9) 2254 (30.5) 2215 (29.7) 2240 (30.2)

Current 6057 (20.4) 1258 (16.9) 1384 (18.7) 1623 (21.8) 1792 (24.1)

Physical activity z score, median (IQR) −0.2 (−0.7 to 0.4) −0.2 (−0.7 to 0.4) −0.2 (−0.7 to 0.4) −0.2 (−0.7 to 0.5) −0.2 (−0.7 to 0.5)

BMI, median (IQR) 26.2 (23.3 to 29.7) 25.5 (22.7 to 29.0) 26.1 (23.3 to 29.4) 26.5 (23.6 to 30.0) 26.8 (23.8 to 30.4)

SBP, mean (SD), mm Hg 123.0 (20.1) 122.9 (21.1) 122.1 (19.7) 123.2 (19.8) 123.7 (19.7)

HDL-C, mean (SD), mg/dL 52.2 (15.7) 53.5 (15.6) 52.7 (15.9) 51.7 (15.7) 50.8 (15.3)

Non-HDL-C, mean (SD), mg/dL 151.2 (41.8) 147.4 (41.2) 151.7 (42.1) 153.5(41.9) 152.4 (41.7)

With diabetes 2570 (8.7) 567 (7.6) 566 (7.7) 648 (8.7) 789 (10.6)

Using antihypertension drug 7613 (25.6) 2001 (27.0) 1823 (24.7) 1948 (26.1) 1841 (24.8)

Using lipid-lowering drug 1659 (5.6) 579 (7.8) 432 (5.8) 378 (5.1) 270 (3.6)

Using hormone therapy 2598 (8.8) 838 (11.3) 738 (10.0) 622 (8.3) 400 (5.4)

Total energy, median (IQR), kcal/d 1678 (1260 to 2227) 1225 (943 to 1586) 1525 (1207 to 1907) 1781 (1431 to 2227) 2319 (1847 to 2985)

Meat, poultry, and fish intake, median
(IQR), servings/wkb

9.9 (6.4 to 14.4) 4.6 (3.4 to 5.6) 8.2 (7.4 to 9.0) 11.9 (10.9 to 13.0) 18.4 (16.0 to 22.4)

Processed meat intake, median (IQR),
servings/wk

1.5 (0.5 to 3.8) 0.5 (0 to 1.0) 1.1 (0.5 to 2.0) 2.0 (0.9 to 4.0) 4.6 (2.1 to 7.9)

Unprocessed red meat intake, median
(IQR), servings/wk

3.0 (1.5 to 5.0) 1.3 (0.7 to 2.0) 2.5 (1.5 to 3.9) 3.9 (2.3 to 5.5) 5.9 (3.9 to 8.2)

Poultry intake, median (IQR),
servings/wk

2.0 (1.0 to 3.0) 1.0 (0.5 to 1.5) 1.9 (1.0 to 3.0) 2.6 (1.0 to 3.3) 3.0 (2.0 to 5.0)

Fish intake, median (IQR), servings/wkb 1.6 (0.9 to 3.4) 0.9 (0.4 to 1.5) 1.5 (0.9 to 2.6) 2.0 (1.0 to 3.7) 3.3 (1.5 to 5.9)

Alcohol intake, median (IQR), g/d 0.6 (0 to 7.7) 0.1 (0 to 5.0) 0.9 (0 to 7.5) 0.9 (0 to 8.7) 1.3 (0 to 10.8)

AHEI-2010 score, mean (SD)c 44.6 (10.1) 45.2 (9.9) 45.1 (10.0) 44.3 (10.0) 43.6 (10.5)

Incident CVDd

No. of events 6963 1482 1557 1857 2067

Follow-up years 528 218 129 120 133 166 132 693 133 239

Rate per 1000 person-years 13.2 11.5 11.7 14.0 15.5

All-cause mortality

No. of events 8875 2024 1991 2265 2595

Follow-up years 562 624 136 294 140 770 141 996 143 563

Rate per 1000 person-years 15.8 14.9 14.1 16.0 18.1

Abbreviations: AHEI, Alternate Healthy Eating Index; BMI, bodymass index

(calculated as weight in kilograms divided by height in meters squared); CVD,

cardiovascular disease; HDL-C, high-density lipoprotein cholesterol; IQR,

interquartile range; SBP, systolic blood pressure.

SI conversion factor: To convert HDL-C level to millimoles per liter, multiply by

0.0259.

a For participants who reportedmixed race/ethnicity or checked the Other

option for the race/ethnicity questions.

b Included shellfish intake.

c Unprocessed redmeat and processedmeat were excluded from the

calculation. The original version of the AHEI-2010 has a score range of 0 to 110

points. In the present study, the AHEI-2010 score range was 0 to 100 points

because themeat itemwas removed. The higher the AHEI-2010 score, the

higher the diet quality. Currently, no cutoff score has been established for

defining high or low diet quality based on the AHEI-2010 score. A score

around 40 to 50was considered as poor diet quality, according to a study

using data from the National Health and Nutrition Examination Survey.22

d Included fatal and nonfatal coronary heart disease, fatal and nonfatal stroke,

fatal and nonfatal heart failure, and other CVD deaths.

Research Original Investigation Associations of Meat, Poultry, or Fish IntakeWith Incident CVD andMortality

506 JAMA Internal Medicine April 2020 Volume 180, Number 4 (Reprinted) jamainternalmedicine.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.6969


Figure 1. Associations ofMeat, Poultry, or Fish IntakeWith Incident Cardiovascular Disease (CVD) and All-CauseMortality
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Cohort-stratified cause-specific hazardmodels for incident CVD and

cohort-stratified standard proportional hazards models for all-causemortality

were applied. Themodels were further stratified by age groups, sex, and

race/ethnicity for panel E and by sex for panel F, to satisfy proportional hazards

assumption. The dotted vertical line indicates the 95th percentile cutoff. The

distribution is shown up to the 99th percentile. All panels were created with the

fully adjustedmodels specified in theMethods. P values for the quadratic term

of the food intake were P = .006 for A, P = .35 for B, P = .62 for C, P = .25 for D,

P = .36 for E, P = .57 for F, P = .63 for G, and P = .48 for H.
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and Table 2). Each additional 2 servings of unprocessed red

meat consumedperweekwas significantly associatedwith in-

cident CVD (HR, 1.03 [95%CI, 1.01-1.06]; 30-year ARD, 0.62%

[95%CI, 0.07%-1.16%]). Each additional 2 servings of poultry

consumed per week was significantly associated with inci-

dent CVD (HR, 1.04 [95% CI, 1.01-1.06]; 30-year ARD, 1.03%

[95%CI,0.36%-1.70%]). Eachadditional 2 servingsof fish con-

sumed per week was not significantly associated with inci-

dent CVD (HR, 1.00 [95% CI, 0.98-1.02]; 30-year ARD, 0.12%

[95% CI, −0.40% to 0.65%]).

Based on the most fully adjusted model 3, each addi-

tional 2 servings of processed meat consumed per week was

statistically significantly associated with all-cause mortality

(HR, 1.03 [95% CI, 1.02-1.05]; 30-year ARD, 0.90% [95% CI,

0.43%-1.38%]) (Figure 3 and Table 2). Each additional 2 serv-

ings of unprocessed redmeat consumedperweekwas signifi-

cantly associated with all-cause mortality (HR, 1.03 [95% CI,

1.01-1.05]; 30-year ARD, 0.76% [95% CI, 0.19%-1.33%]). Each

additional 2 servings of poultry consumed per week was not

significantlyassociatedwithall-causemortality (HR,0.99[95%

CI, 0.97-1.02]; 30-year ARD, −0.28% [95% CI, −1.00% to

0.44%]). Eachadditional 2 servingsof fish consumedperweek

was not significantly associatedwith all-causemortality (HR,

0.99[95%CI,0.97-1.01]; 30-yearARD,−0.34%[95%CI,−0.88%

to 0.20%]).

For these associations, the increased relative risks ranged

from approximately 3% to 7%. The increased absolute risks

were less than 2% over the 30 years of follow-up.

Subgroup Analyses

The strength of the association between processed meat

intake and incident CVD decreased with age (HR, 1.17 [95%

CI, 1.01-1.36] for adults aged <45 years; 1.12 [95% CI, 1.07-

1.17] for those aged 45-64 years; 1.00 [95% CI, 0.95-1.05] for

those aged ≥65 years; P for interaction = .008) (eFigure 1 in

the Supplement). The association between unprocessed red

meat intake and incident CVD was stronger in participants

who consumed a higher-quality diet compared with those

who did not (HR, 1.09 [95% CI, 1.05-1.14] vs 1.02 [95% CI,

0.99-1.04]; P for interaction < .001) (eFigure 2 in the

Supplement) and was stronger in participants who con-

sumed a non-high-fat diet compared with those who did

not (HR, 1.06 [95% CI, 1.03-1.09] vs 0.99 [95% CI, 0.96-

1.03]; P for interaction < .001). The association between

poultry intake and incident CVD was stronger in partici-

pants with a non-high-fat diet compared with those without

such a diet (HR, 1.06 [95% CI, 1.03-1.09] vs 0.98 [95% CI,

0.93-1.03]; P for interaction = .004) (eFigure 3 in the

Supplement). The association between fish intake and inci-

dent CVD was stronger in participants who consumed a

high-protein diet than those who did not (HR, 0.96 [95% CI,

0.93-0.99] vs 1.02 [95% CI, 0.99-1.05]; P for interac-

tion = .002) (eFigure 4 in the Supplement). The associations

of processed meat, unprocessed red meat, poultry, or fish

intake with all-cause mortality were similar across all sub-

groups (P for interaction ≥ .01) (eFigures 5-8 in the Supple-

ment).

Sensitivity Analyses

The included participants were different from their

excluded (primarily because of missing data) counterparts

(eg, mean [SD] age, 53.7 [15.7] years vs 59.3 [15.4] years;

non-Hispanic black, 7004 [23.6%] vs 1698 [35.2%])

(eTable 2 in the Supplement). Results from analyzing

imputed data were similar to those from the primary analy-

ses of complete data (eTable 3 in the Supplement). Results

remained qualitatively similar after excluding events ascer-

tained within 2 or 5 years or after truncating follow-up at 10

or 20 years, with 1 exception (HR, 0.95; 95% CI, 0.92-0.98)

(eTable 4 in the Supplement). The inverse association

between fish intake and all-cause mortality became statisti-

cally significant (HR, 0.95; 95% CI, 0.92-0.98) when

follow-up was truncated at 10 years, after excluding any 1 of

the 6 cohorts (eTable 5 in the Supplement), using cohort-

specific quintiles of the intake (eTable 6 in the Supplement),

and using energy density models (eTable 7 in the Supple-

ment). When subdistribution hazard models were applied,

the association between unprocessed red meat intake and

incident CVD was no longer significant (HR, 1.02; 95% CI,

0.99-1.04) (eTable 8 in the Supplement). No significant dif-

Figure 2. Associations ofMeat, Poultry, or Fish Intake

With Incident Cardiovascular Disease (CVD)

1.0 1.20.9 1.1

HR (95% CI)

P Value
Lower Risk 

of CVD
Higher Risk
of CVDHR (95% CI)Model

Processed meat intake 
(2 vs 0 servings/wk)

Model 1

Model 2

Model 3

1.11 (1.07-1.15)

1.08 (1.04-1.11)

1.07 (1.04-1.11)

<.001

<.001

<.001

Unprocessed red meat intake 
(per 2 servings/wk)

Model 1

Model 2

Model 3

1.04 (1.03-1.06)

1.03 (1.01-1.05)

1.03 (1.01-1.06)

<.001

.002

.005

Poultry intake 
(per 2 servings/wk)

Model 1

Model 2

Model 3

1.02 (0.99-1.04)

1.03 (1.00-1.05)

1.04 (1.01-1.06)

.19

.03

.008

Fish intake 
(per 2 servings/wk)

Model 1

Model 2

Model 3

1.00 (0.98-1.02)

1.00 (0.98-1.02)

1.00 (0.98-1.02)

.76

.89

.79

All models were stratified by cohort. Model 1 was adjusted for age, sex,

race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, Chinese, or

other), and educational level (less than high school, high school, or some college

or higher). Model 2 was adjusted for model 1 variables plus total energy,

smoking status (current, former, or never), smoking pack-years (0, 0.1-4.9,

5.0-9.9, 10-19.9, 20-29.9, 30-39.9, or �40), cohort-specific physical activity z

score, alcohol intake (grams), and hormone therapy (yes or no). Model 3 was

adjusted for model 2 variables plus fruits, legumes, potatoes, other vegetables

excluding legumes and potatoes, nuts and seeds, whole grains, refined grains,

low-fat dairy products, high-fat dairy products, sugar-sweetened beverages,

eggs, and 3 of the 4 food types (processedmeat, unprocessed redmeat,

poultry, and fish); a term of processed meat squaredwas also included. HR

indicates hazard ratio.
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ference was found between fatty fish and nonfatty fish

intake in relation to incident CVD and all-cause mortality

(eTable 9 in the Supplement).

Discussion

Among the 29682 US adults followed up for a median of 19

years and up to 3 decades, higher intake of processed meat,

unprocessed red meat, or poultry, but not fish, was signifi-

cantly associated with a higher risk of incident CVD. Higher

intake of processed meat or unprocessed red meat, but not

poultry or fish,was significantly associatedwith a higher risk

of all-causemortality. The effect sizes of these association es-

timates were small.

Evidence frommeta-analyses consistently revealed a sig-

nificant positive association between processed meat intake

anda rangeofCVDandmortality outcomes.23-29However, the

association with unprocessed red meat intake varied within

and between health outcomes. Overall, the studies included

in these meta-analyses were heterogeneous, with differ-

ences in consumption between the highest and lowest intake

category, covariate adjustments, outcome definitions, and

dietary assessment approaches. Nevertheless, the robust

Table 2. Absolute Risk Difference for the Associations ofMeat, Poultry, or Fish IntakeWith Incident Cardiovascular Disease and All-CauseMortalitya

Variable

Absolute Risk Difference (95% CI)

Processed Meat Intakeb Unprocessed Red Meat Intake Poultry Intake Fish Intake

10-y Risk Difference, %

Incident CVDc

Model 1d 0.63 (0.44 to 0.82) 0.25 (0.15 to 0.34) 0.10 (−0.05 to 0.25) 0.02 (−0.10 to 0.14)

Model 2e 0.44 (0.24 to 0.63) 0.18 (0.06 to 0.30) 0.16 (0.02 to 0.31) 0.01 (−0.10 to 0.13)

Model 3f 0.40 (0.19 to 0.62) 0.17 (0.05 to 0.29) 0.20 (0.05 to 0.35) 0.01 (−0.11 to 0.14)

All-cause mortality

Model 1d 0.28 (0.22 to 0.34) 0.21 (0.15 to 0.27) −0.11 (−0.21 to −0.01) −0.04 (−0.12 to 0.04)

Model 2e 0.16 (0.09 to 0.22) 0.10 (0.03 to 0.17) −0.08 (−0.18 to 0.03) −0.07 (−0.14 to −0.001)

Model 3f 0.13 (0.06 to 0.19) 0.11 (0.03 to 0.19) −0.04 (−0.15 to 0.07) −0.05 (−0.13 to 0.03)

20-y Risk Difference, %

Incident CVDc

Model 1d 1.50 (1.03 to 1.97) 0.57 (0.33 to 0.82) 0.28 (−0.07 to 0.63) 0.07 (−0.22 to 0.36)

Model 2e 1.09 (0.56 to 1.62) 0.43 (0.13 to 0.73) 0.45 (0.07 to 0.82) 0.05 (−0.24 to 0.35)

Model 3f 1.02 (0.50 to 1.55) 0.41 (0.10 to 0.72) 0.54 (0.14 to 0.93) 0.05 (−0.28 to 0.37)

All-cause mortality

Model 1d 1.00 (0.81 to 1.20) 0.75 (0.53 to 0.98) −0.38 (−0.76 to −0.01) −0.14 (−0.42 to 0.14)

Model 2e 0.58 (0.35 to 0.82) 0.38 (0.11 to 0.64) −0.28 (−0.65 to 0.09) −0.26 (−0.54 to 0.02)

Model 3f 0.48 (0.25 to 0.71) 0.40 (0.09 to 0.71) −0.15 (−0.54 to 0.24) −0.18 (−0.49 to 0.12)

30-y Risk Difference, %

Incident CVDc

Model 1d 2.32 (1.48 to 3.15) 0.82 (0.41 to 1.23) 0.61 (−0.002 to 1.22) 0.15 (−0.36 to 0.66)

Model 2e 1.81 (0.95 to 2.67) 0.67 (0.13 to 1.21) 0.90 (0.27 to 1.52) 0.17 (−0.33 to 0.67)

Model 3f 1.74 (0.85 to 2.63) 0.62 (0.07 to 1.16) 1.03 (0.36 to 1.70) 0.12 (−0.40 to 0.65)

All-cause mortality

Model 1d 1.86 (1.46 to 2.26) 1.40 (0.97 to 1.84) −0.70 (−1.36 to −0.04) −0.26 (−0.76 to 0.25)

Model 2e 1.10 (0.66 to 1.53) 0.71 (0.19 to 1.22) −0.52 (−1.23 to 0.18) −0.48 (−1.03 to 0.07)

Model 3f 0.90 (0.43 to 1.38) 0.76 (0.19 to 1.33) −0.28 (−1.00 to 0.44) −0.34 (−0.88 to 0.20)

Abbreviation: CVD, cardiovascular disease.

a Absolute risk difference was estimated using 3 R packages: riskRegression,15

pec,16 and survival.17 The 95% CI was derived from 500 bootstrap samples. A

follow-up time of 10 years, 20 years, or 30 years; the mean value of the

included covariates; and a difference of 2 servings per week in consumption of

these 4 food types were used.

bFor estimating the absolute risk difference of the association between

processedmeat intake and incident CVD, a quadratic term for processedmeat

intake was used in addition to its original linear term. The associations were

monotonic for the other 3 food types. For processedmeat, the comparison

was 2 servings per week vs 0 serving per week. For the other 3 food types, the

comparison was an intake difference of 2 servings per week (eg, 2 vs 0

servings per week, 3 vs 1 servings per week, etc.).

c A composite end point of fatal and nonfatal coronary heart disease, fatal and

nonfatal stroke, fatal and nonfatal heart failure, and other cardiovascular

deaths.

dModel 1 was adjusted for cohort, age, sex, race/ethnicity (non-Hispanic white,

non-Hispanic black, Hispanic, Chinese, or other), and educational level (less

than high school, high school, or some college or higher).

eModel 2 was adjusted for model 1 variables plus total energy, smoking status

(current, former, or never), smoking pack-years (0, 0.1-4.9, 5.0-9.9, 10-19.9,

20-29.9, 30-39.9, or �40), cohort-specific physical activity z score, alcohol

intake (grams), and hormone therapy (yes or no).

f Model 3 was adjusted for model 2 variables plus fruits, legumes, potatoes,

other vegetables excluding legumes and potatoes, nuts and seeds, whole

grains, refined grains, low-fat dairy products, high-fat dairy products,

sugar-sweetened beverages, eggs, and 3 of the 4 food types (processedmeat,

unprocessed redmeat, poultry, and fish); a term of processed meat squared

was also included when analyzing the incident CVD outcome.
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significant positive association between processed meat in-

take and health outcomes was retained despite the chal-

lenges introduced by these heterogeneities. This study har-

monized diet and other data across 6 cohorts, which largely

attenuated these heterogeneities. The significant positive as-

sociations of processedmeat or unprocessed redmeat intake

with incident CVD and all-causemortality remained after ad-

justing for a comprehensive list of covariates.

Poultry intakewas significantly inversely associatedwith

stroke in 1 meta-analysis29 but was not associated with all-

cause andCVDmortality in anothermeta-analysis.24Thepre-

sent study identified a significant positive association be-

tween poultry intake and incident CVD, which also remained

in multiple sensitivity analyses. This association may be re-

lated to the poultry intake including fried chicken. Fried food

consumptionhasbeen significantlypositively associatedwith

adverseoutcomes.30Foodpreparationmethodswerenot con-

sistently and universally assessed across the cohorts in this

study. Therefore, separating fried chicken from poultry in-

takewas not possible. Poultry intakewas not significantly as-

sociatedwithall-causemortality in this study.The reasonsun-

derlying the differential associations between poultry intake

and different outcomes require further investigation.

This study did not reveal significant associations

between fish intake and incident CVD and all-cause mortal-

ity. A major limitation was the lack of detail on food prepa-

ration methods (eg, fried vs nonfried). After the arbitrary

truncation of follow-up time at 10 years in a sensitivity

analysis, fish intake became significantly inversely associ-

ated with all-cause mortality. This finding may be by chance

because the association between fish intake and incident

CVD remained similar and not significant with truncation.

Otherwise, the misclassification of fish intake using one-

time measurement in this long-term prospective study may

have biased the association with all-cause mortality toward

null. However, fish consumption among US adults did not

change from 1999 to 2016.3 Meta-analyses generally

reported inverse associations between fish intake and CVD

or mortality-related outcomes, but most of these associa-

tions were modest with P values close to .05.31,32 Uncer-

tainty remains regarding the associations between fish

intake and incident CVD and all-cause mortality.

The effect size estimates of association in this studywere

small but comparable with those reported in the literature.33

This study revealed approximately 3% to 7% higher relative

risks and less than 2% higher absolute risks of incident CVD

and all-cause mortality over the 30 years of follow-up. This

finding is partly the result of using 2 servings per week as the

unit of interpretation. Peoplewhoconsumemore servingsper

weekwouldhave greater risks. Furthermore, risks of CVDand

mortality are determined by a range of factors, including but

not limited togeneticpredisposition,demographic factors, so-

cioeconomic status, weight, lifestyle factors (eg, smoking,

sleep, physical activity, and diet), and the built environment.

Greater intake of a single type of food is not likely indepen-

dently associated with a substantially higher risk of incident

CVD and all-causemortality. In spite of the small effect sizes,

findings of this study have critical public health implications

becausedietarybehaviorsaremodifiableandmostpeoplecon-

sume these 4 food types on a daily or weekly basis.

Several subgroup differences were found, including the

seemingly counterintuitive finding thatunprocessed redmeat

intakewassignificantlypositivelyassociatedwith incidentCVD

only amongparticipantswhoconsumedahigher-qualitydiet.

This subgroup finding does not conflict with evidence show-

ing that people with a healthier diet have a lower CVD risk,

thereby favoring adoption of healthy dietary behaviors.34

Rather, this subgroup finding suggests that participants also

benefited from reducing their unprocessed red meat intake

even if theoverall qualityof theirdietwashigh.This resultmay

further reflect the difficulty of identifying a small association

inthecontextof lower-qualitydietandhigher-backgroundCVD

incidence. The age difference in the association betweenpro-

cessedmeat intakeand incidentCVDwasnot found in theNIH-

AARP Diet andHealth Study,35 but that study did not include

younger adults (<50 years) for whom the association was the

strongest in the present study. Reasons were unclear for the

differences in the associationsbetweenunprocessed redmeat

or poultry intake and incidentCVDaccording tovarious fat in-

take levels and for the differences in the associations be-

tween fish intake and incident CVD according to various

Figure 3. Associations ofMeat, Poultry, or Fish Intake

With All-CauseMortality

1.0 1.20.9 1.1

HR (95% CI)

P Value

Lower Risk
of All-Cause

Mortality
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MortalityHR (95% CI)Model

Processed meat intake 
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Model 1

Model 2

Model 3
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1.04 (1.02-1.05)
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<.001

<.001

<.001
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(per 2 servings/wk)

Model 1

Model 2

Model 3

1.05 (1.03-1.06)

1.03 (1.01-1.04)

1.03 (1.01-1.05)

<.001

.006

.008
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(per 2 servings/wk)

Model 1

Model 2

Model 3

0.98 (0.96-1.00)

0.98 (0.96-1.01)
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.17
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Model 1

Model 2

Model 3
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0.99 (0.97-1.01)
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All models were stratified by cohort. Model 1 was adjusted for age, sex,

race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, Chinese, or

other), and educational level (less than high school, high school, or some college

or higher). Model 2 was adjusted for model 1 variables plus total energy,

smoking status (current, former, or never), smoking pack-years (0, 0.1-4.9,

5.0-9.9, 10-19.9, 20-29.9, 30-39.9, or �40), cohort-specific physical activity z

score, alcohol intake (grams), and hormone therapy (yes or no). Model 3 was

adjusted for model 2 variables plus fruits, legumes, potatoes, other vegetables

excluding legumes and potatoes, nuts and seeds, whole grains, refined grains,

low-fat dairy products, high-fat dairy products, sugar-sweetened beverages,

eggs, and 3 of the 4 food types (processedmeat, unprocessed redmeat,

poultry, and fish). HR indicates hazard ratio.
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protein intake levels. These subgroup findings warrant fu-

ture investigations.

Limitations

This study has several limitations. First, measurement error

was unavoidable for self-reported diet and other data. Mea-

surement errormay result in an overestimation or underesti-

mationof anassociation. Second,moredetaileddietdatawere

unavailable on food preparation methods (eg, fried vs non-

fried). Third, only 1 dietary measurement was used, but par-

ticipants’ dietary behaviorsmay have changed over time. Ro-

bust results were seen when follow-up was truncated at

different times, except for the association of fish intake with

all-causemortality. Fourth, a comprehensive set of confound-

ers was considered, but residual confounding was still likely.

Fifth, thedatapertainedtoonlyUSadults; thus, cautionshould

be takenwhengeneralizing the findings toother countries and

to children. Sixth, this study could not establish causality.

Conclusions

This study’s findings suggest that amongUSadults, higher in-

takeof processedmeat, unprocessed redmeat, or poultry, but

not fish, was significantly associated with a small increased

risk of incident CVD. Higher intake of processed meat or un-

processed redmeat, but not poultry or fish, was significantly

associated with a small increased risk of all-cause mortality.
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