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IMPORTANCE The current Dietary Guidelines for Americans recommend multiple healthy
eating patterns. However, few studies have examined the associations of adherence to
different dietary patterns with long-term risk of total and cause-specific mortality.

OBJECTIVE To examine the associations of dietary scores for 4 healthy eating patterns with
risk of total and cause-specific mortality.

DESIGN, SETTING, AND PARTICIPANTS This prospective cohort study included initially healthy
women from the Nurses’ Health Study (NHS; 1984-2020) and men from the Health
Professionals Follow-up Study (HPFS; 1986-2020).

EXPOSURES Healthy Eating Index 2015 (HEI-2015), Alternate Mediterranean Diet (AMED)
score, Healthful Plant-based Diet Index (HPDI), and Alternate Healthy Eating Index (AHEI).

MAIN OUTCOMES AND MEASURES The main outcomes were total and cause-specific mortality
overall and stratified by race and ethnicity and other potential risk factors.

RESULTS The final study sample included 75 230 women from the NHS (mean [SD] baseline
age, 50.2 [7.2] years) and 44 085 men from the HPFS (mean [SD] baseline age, 53.3 [9.6]
years). During a total of 3 559 056 person-years of follow-up, 31 263 women and 22 900 men
died. When comparing the highest with the lowest quintiles, the pooled multivariable-
adjusted HRs of total mortality were 0.81 (95% CI, 0.79-0.84) for HEI-2015, 0.82 (95% CI,
0.79-0.84) for AMED score, 0.86 (95% CI, 0.83-0.89) for HPDI, and 0.80 (95% CI,
0.77-0.82) for AHEI (P < .001 for trend for all). All dietary scores were significantly inversely
associated with death from cardiovascular disease, cancer, and respiratory disease. The
AMED score and AHEI were inversely associated with mortality from neurodegenerative
disease. The inverse associations between these scores and risk of mortality were consistent
in different racial and ethnic groups, including Hispanic, non-Hispanic Black, and
non-Hispanic White individuals.

CONCLUSIONS AND RELEVANCE In this cohort study of 2 large prospective cohorts with up to
36 years of follow-up, greater adherence to various healthy eating patterns was consistently
associated with lower risk of total and cause-specific mortality. These findings support the
recommendations of Dietary Guidelines for Americans that multiple healthy eating patterns
can be adapted to individual food traditions and preferences.
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D iet remains a cornerstone for maintaining optimal
health.1 According to the Global Burden of Disease
Study 2017,2 unhealthy diet is estimated as one of the

leading causes of death globally. The supportive evidence was
largely based on nutrition research focusing on single nutri-
ents or foods in relation to total and cause-specific mortality.2-7

However, humans do not consume isolated nutrients or single
foods but rather a wide variety of foods with combinations of
nutrients and phytochemicals that may have additive and syn-
ergistic effects.8 By accounting for potentially interactive and
cumulative effects among different dietary components, over-
all dietary patterns have been emphasized as a crucial ap-
proach when investigating the association between human diet
and health outcomes.9,10

Following the evolution in nutritional sciences, the Dietary
Guidelines for Americans (DGAs) shifted their focus from indi-
vidual nutrients to healthy eating patterns in 2010 and have rec-
ommended various healthy eating patterns.11 These recommen-
dations were carried forward to the 2020 to 2025 edition and fur-
ther highlighted across the lifespan, from birth through older
adulthood.12 However, few long-term prospective studies with
repeated dietary measurements have systematically examined
whether adherence to various dietary patterns renders similar as-
sociations with total and cause-specific mortality.13-15 Addition-
ally, these recommended eating patterns were intended for all US
individuals, but previous evidence indicated notable differences
within dietary patterns by individuals’ characteristics.16,17

Therefore, using 2 large prospective cohorts with data on
repeated measures of dietary habits, we derived dietary scores
for 4 healthy dietary patterns, including the Healthy Eating In-
dex 2015 (HEI-2015), Alternate Mediterranean Diet (AMED)
score, Healthful Plant-based Diet Index (HPDI), and Alternate
Healthy Eating Index (AHEI). We then examined their asso-
ciations with total and cause-specific mortality. We also spe-
cifically examined these associations stratified by race and eth-
nicity and other potential risk factors.

Methods
Study Population
This cohort study used data from the Nurses’ Health Study
(NHS) and the Health Professionals Follow-up Study (HPFS).
The NHS is a prospective cohort study of 121 700 female reg-
istered nurses aged 30 to 55 years from 11 US states that began
in 1976. The HPFS is a prospective cohort study of 51 529 male
health professionals aged 40 to 75 years at baseline that be-
gan in 1986. In both cohorts, information about medical his-
tory, lifestyle, and health conditions was collected by self-
administered questionnaires at baseline and every 2 years
thereafter. Detailed information on the cohorts is described
elsewhere.18,19 The study protocol was approved by the insti-
tutional review boards of the Brigham and Women’s Hospi-
tal, Harvard T.H. Chan School of Public Health, and partici-
pating registries as required. The return of completed
questionnaires was considered to imply informed consent. This
study followed the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) reporting guideline.

For the present analysis, baseline was defined as the year of
the first validated food-frequency questionnaire providing
enough information to derive the dietary indices in each study—
1984 for the NHS and 1986 for the HPFS. We excluded partici-
pants who reported cardiovascular disease (CVD), cancer, or dia-
betes at baseline to reduce the probability of reverse causation
because the diagnoses of these conditions might have led to
changes in diet. We also excluded participants who did not pro-
vide information on diet and those who had daily energy in-
takes less than 600 kcal or greater than 3500 kcal for women and
less than 800 kcal or greater than 4200 kcal for men.

Assessment of Dietary Scores
Dietary information was collected with the use of a validated
semiquantitative food frequency questionnaire (FFQ) with over
130 items administered every 2 to 4 years.20 The reproducibil-
ity and validity of the FFQs have been described in detail
elsewhere,21,22 showing good correlation between nutrients as-
sessed by the FFQs and multiple weeks of food records or bio-
markers of diet. Using the food and nutrient components, we cal-
culated the HEI-2015, AMED score, HPDI, and AHEI to measure
adherence to the Healthy US-Style Eating Pattern, Alternate
Mediterranean Eating Pattern, Healthy Plant-based Eating Pat-
tern, and Alternate Healthy Eating Pattern. The components and
scoring criteria for each dietary score are described in detail in
eTables 1-4 and eMethods in Supplement 1. Briefly, the HEI-
2015 includes 13 components and ranges from 0 to 100, with
higher scores indicating higher adherence to DGAs. The AMED
scoreincludes9componentsandrangesfrom9to45,withhigher
scores indicating a healthier Mediterranean diet. The HPDI in-
cludes 18 components and ranges from 18 to 90, with higher
scores indicating a healthier plant-based diet. The AHEI, based
on DGAs with modification to include factors related to chronic
disease risk, includes 10 components and ranges from 0 to 100,
with higher scores indicating a healthier diet. All dietary scores
have shown moderate to high reproducibility and validity in both
men and women.23

Ascertainment of Deaths
Deaths were identified from state vital statistics records and
the National Death Index or were reported by the partici-
pants’ families and the US postal system. Using these meth-

Key Points
Question Is there an association between Dietary Guidelines for
Americans–recommended dietary patterns with total and
cause-specific mortality?

Findings In this cohort study of 75 230 women from the Nurses’
Health Study (1984-2020) and 44 085 men from the Health
Professionals Follow-Up Study (1986-2020), greater adherence to
several healthy eating patterns was associated with a lower risk of
death. These associations were consistent in different racial and
ethnic groups, including Hispanic, non-Hispanic Black, and
non-Hispanic White individuals.

Meaning These findings support the recommendations of Dietary
Guidelines for Americans that multiple healthy eating patterns can
be adapted to individual food traditions and preferences.
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ods, 98% of the deaths in each cohort were ascertained.24 We
attempted to obtain the death certificate of each participant
who had died and, when appropriate, requested permission
from the participant’s next of kin to review medical records.
The classification of the cause of death was mostly based on
review of medical records. A physician reviewed medical rec-
ords and death certificates to classify the cause of death ac-
cording to the International Classification of Diseases, Revi-
sion 8, and International Classification of Diseases, Ninth
Revision (ICD-9). Deaths were grouped into deaths from CVD
(ICD-9: 390-459), cancer (ICD-9: 140-208), neurodegenera-
tive disease (ICD-9: 290, 332, 335, 340, 342, and 348), respi-
ratory disease (ICD-9: 460-519), and all other causes.

Ascertainment of Covariates
Participants reported their race and ethnicity in NHS accord-
ing to categories (Hispanic, non-Hispanic Black, non-
Hispanic White, and other [American Indian, Asian, Hawai-
ian, and multiracial]) provided by the investigators. The HPFS
does not have information on ethnicity; thus, stratified analy-
sis by race and ethnicity was not conducted in this cohort. Ev-
ery 2 years, participants returned a mailed validated question-
naire that obtained updated information on their lifestyle and
other risk factors, including age, body weight, smoking sta-
tus, physical activity, aspirin use, multivitamin use, meno-
pausal status and postmenopausal hormone use in women, and
physician diagnosis of chronic diseases.25 Body mass index
(BMI) was calculated as weight in kilograms divided by height
in meters squared.

Statistical Analysis
To best represent long-term intake and dampen within-
person variation in the NHS and HPFS cohorts, we calculated
cumulative mean dietary scores up to the start of each 2-year
follow-up interval. Person-years were calculated from the date
of return of the baseline questionnaire to the date of death or
the end of follow-up (June 2020 for both NHS and HPFS),
whichever occurred first. We did not censor participants lost
to active follow-up because fatal events were included in the
outcomes. We stopped updating dietary variables after re-
port of incident diabetes, CVD, or cancer because changes in
diet after the development of these conditions may con-
found the estimates. We used Cox proportional hazards re-
gression models with age as the underlying time scale, with
stratification by calendar time, to assess the association be-
tween 4 dietary scores and the subsequent risk of total and
cause-specific mortality. The proportional-hazards assump-
tion was evaluated with a likelihood-ratio test comparing the
model with and without an interaction term between age and
dietary scores. In multivariable analysis, we adjusted for age,
race and ethnicity, family history of CVD, family history of can-
cer, and time-dependent confounders, including marital sta-
tus, living alone or with others, postmenopausal status and hor-
mone use (NHS), smoking status, physical activity, alcohol
intake (not for AMED), multivitamin use, aspirin use, total en-
ergy intake, and BMI. Tests for linear trends across quintiles
were conducted by assigning a median value to each quintile
of dietary score, producing a single ordinal variable used in the

model. We also used the restricted cubic spline analysis to flex-
ibly model the association between 4 dietary scores and total
mortality. Additionally, a 25-percentile difference in each score
(25 points for HEI-2015, 9 points for AMED score, 18 points for
HPDI, and 25 points for AHEI) was calculated from the range
of total dietary scores. Separate analyses were conducted for
cause-specific mortality per a 25-percentile difference in each
score. All analyses were performed separately for each cohort
and then were pooled with the use of fixed-effects meta-
analysis with inverse-variance weighting, and the heteroge-
neity was assessed with the I2 statistic.

We conducted stratified analyses defined a priori by race
and ethnicity (NHS) and other potential risk modifiers. The in-
teractions between each of the 4 dietary scores and covari-
ates were examined using the likelihood ratio test. The inter-
actions should be interpreted as exploratory because these
findings might be due to chance from multiple testing. We per-
formed several sensitivity analyses to test the robustness of
our results. First, we conducted lagged analyses by excluding
the first 4 years of follow-up data and adding a 4-year lag pe-
riod between assessment of dietary intake and each fol-
low-up period to address concern that chronic disease occur-
rence may influence dietary behavior. Second, to test whether
our results were biased by selectively stopping updating diet
after an intermediate outcome, we continuously updated diet
until the end of follow-up. Third, we analyzed the associa-
tions of baseline dietary scores with total mortality. Fourth,
given the potential heterogeneity between 2 cohorts, the re-
sults were pooled using random effects. Fifth, we applied a
competing risk regression model for cause-specific mortality
by including dietary scores as exposure and other risk factors
as unconstrained covariates, allowing the effects of the covar-
iates to vary across cause-specific mortality.26 All analyses were
performed with the SAS, version 9.4 (SAS Institute). All sta-
tistical tests were 2 sided, and P < .05 was considered to indi-
cate statistical significance.

Results
The final study sample included 75 230 women from the NHS
(mean [SD] baseline age, 50.2 [7.2] years) and 44 085 men from
the HPFS (mean [SD] baseline age, 53.3 [9.6] years). Table 1
shows age and the age-adjusted characteristics of study par-
ticipants at baseline according to quintiles of the 4 dietary
scores. In both cohorts, participants with higher dietary scores
tended to be older, less likely to smoke, and more likely to ex-
ercise and to have a lower BMI (Table 1). In the NHS at base-
line, 597 (1.1%) were Hispanic, 834 participants (0.8%) were
non-Hispanic Black, 70 564 (98.0%) were non-Hispanic White,
and 3235 (4.3%) were other race and ethnicity. In the HPFS at
baseline, 412 participants (0.9%) were Black, 40 099 (91.0%)
were White, and 3574 (8.1%) were other race and ethnicity. The
correlations between 4 dietary scores ranged from moder-
ately low to moderately high (r = 0.39-0.75).

In the NHS, during up to 36 years of follow-up (2 343 144
person-years), we documented 31 263 deaths, including 6128
deaths from CVD and 8733 deaths from cancer; in the HPFS
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Table 2. Hazard Ratios of Death From Any Cause According to Quintiles of the HEI-2015, AMED score, HPDI, and AHEI

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
P value
for trend

HEI-2015

NHS

Score, median (IQR) 56 (52-59) 64 (62-65) 69 (67-70) 73 (72-74) 79 (77-82) NA

Cases/PYs 6291/439 732 6100/462 519 6195/475 859 6197/484 161 6480/480 873 NA

Age-adjusted HR (95% CI) 1 [Reference] 0.80 (0.77-0.83) 0.72 (0.70-0.75) 0.65 (0.63-0.67) 0.57 (0.55-0.59) <.001

Multivariable adjusted HR (95% CI)a 1 [Reference] 0.89 (0.86-0.93) 0.87 (0.84-0.90) 0.82 (0.79-0.85) 0.76 (0.73-0.79) <.001

HPFS

Score, median (IQR) 57 (53-60) 65 (63-66) 70 (69-72) 75 (74-77) 82 (80-85) NA

Cases/PYs 4560/237 489 4532/245 889 4566/246 767 4553/249 794 4689/235 973 NA

Age-adjusted HR (95% CI) 1 [Reference] 0.85 (0.82-0.89) 0.78 (0.75-0.82) 0.72 (0.69-0.75) 0.68 (0.66-0.71) <.001

Multivariable adjusted HR (95% CI)a 1 [Reference] 0.97 (0.93-1.01) 0.94 (0.90-0.98) 0.89 (0.85-0.93) 0.90 (0.86-0.94) <.001

Pooled

Age-adjusted HR (95% CI) 1 [Reference] 0.82 (0.80-0.84) 0.75 (0.73-0.77) 0.68 (0.66-0.70) 0.62 (0.60-0.63) <.001

Multivariable adjusted HR (95% CI)a 1 [Reference] 0.92 (0.90-0.95) 0.90 (0.87-0.92) 0.85 (0.83-0.87) 0.81 (0.79-0.84) <.001

AMED score

NHS

Score, median (IQR) 20 (19-22) 24 (23-25) 27 (26-28) 30 (29-31) 34 (32-35) NA

Cases/PYs 6373/443 032 6660/477 671 6373/468 492 6078/492 732 5779/461 217 NA

Age-adjusted HR (95% CI) 1 [Reference] 0.83 (0.80-0.86) 0.76 (0.73-0.78) 0.69 (0.66-0.71) 0.65 (0.63-0.67) <.001

Multivariable adjusted HR (95% CI)a 1 [Reference] 0.90 (0.87-0.94) 0.86 (0.83-0.89) 0.80 (0.77-0.83) 0.77 (0.74-0.81) <.001

HPFS

Score, median (IQR) 20 (18-22) 24 (23-25) 27 (27-28) 31 (30-31) 35 (33-37) NA

Cases/PYs 4434/243 269 4629/237 941 4725/258 396 4595/239 235 4517/237 070 NA

Age-adjusted HR (95% CI) 1 [Reference] 0.89 (0.85-0.92) 0.81 (0.78-0.84) 0.76 (0.73-0.79) 0.72 (0.69-0.75) <.001

Multivariable adjusted HR (95% CI)a 1 [Reference] 0.97 (0.93-1.01) 0.92 (0.88-0.96) 0.88 (0.85-0.91) 0.87 (0.84-0.90) <.001

Pooled

Age-adjusted HR (95% CI) 1 [Reference] 0.85 (0.83-0.87) 0.78 (0.76-0.80) 0.72 (0.70-0.74) 0.68 (0.66-0.70) <.001

Multivariable adjusted HR (95% CI)a 1 [Reference] 0.93 (0.90-0.95) 0.89 (0.86-0.91) 0.83 (0.81-0.86) 0.82 (0.79-0.84) <.001

HPDI

NHS

Score, median (IQR) 46 (44-48) 51 (50-52) 55 (54-56) 58 (57-59) 63 (62-66) NA

Cases/PYs 5889/459 000 6298/480 456 6384/484 214 6535/468 647 6157/450 827 NA

Age-adjusted HR (95% CI) 1 [Reference] 0.89 (0.86-0.92) 0.82 (0.79-0.85) 0.80 (0.77-0.83) 0.72 (0.70-0.75) <.001

Multivariable adjusted HR (95% CI)a 1 [Reference] 0.93 (0.90-0.97) 0.88 (0.85-0.92) 0.87 (0.84-0.90) 0.80 (0.77-0.83) <.001

HPFS

Score, median (IQR) 46 (44-48) 51 (50-52) 55 (54-56) 59 (58-60) 64 (62-67) NA

Cases/PYs 4316/251 063 4658/253 138 4716/245 702 4757/247 849 4453/218 159 NA

Age-adjusted HR (95% CI) 1 [Reference] 0.95 (0.91-0.99) 0.89 (0.85-0.93) 0.85 (0.82-0.89) 0.84 (0.80-0.87) <.001

Multivariable adjusted HR (95% CI)a 1 [Reference] 1.00 (0.96-1.04) 0.97 (0.93-1.01) 0.96 (0.92,1.00) 0.95 (0.91-0.99) .006

Pooled

Age-adjusted HR (95% CI) 1 [Reference] 0.91 (0.89-0.94) 0.85 (0.83-0.87) 0.82 (0.80-0.84) 0.77 (0.75-0.79) <.001

Multivariable adjusted HR (95% CI)a 1 [Reference] 0.96 (0.93-0.99) 0.92 (0.89-0.95) 0.91 (0.88-0.93) 0.86 (0.83-0.89) <.001

AHEI

NHS

Score, median (IQR) 34 (31-36) 41 (39-42) 46 (44-47) 51 (49-52) 59 (56-62) NA

Cases/PYs 6285/443 704 6533/477 209 6512/482 114 6240/481 477 5693/458 639 NA

Age-adjusted HR (95% CI) 1 [Reference] 0.83 (0.80-0.86) 0.75 (0.73-0.78) 0.68 (0.66-0.71) 0.61 (0.59-0.63) <.001

Multivariable adjusted HR (95% CI)a 1 [Reference] 0.90 (0.87-0.94) 0.86 (0.83-0.89) 0.81 (0.79-0.84) 0.75 (0.72-0.77) <.001

(continued)
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during 34 years of follow-up (1 215 912 person-years), we docu-
mented 22 900 deaths, including 6641 deaths from CVD and
5710 deaths from cancer. After adjustment for potential con-
founders, when comparing the highest with the lowest quin-
tiles, the pooled HRs of all-cause mortality were 0.81 (95% CI,
0.79-0.84) for HEI-2015, 0.82 (95% CI, 0.79-0.84) for AMED
score, 0.86 (95% CI, 0.83-0.89) for HPDI, and 0.80 (95% CI,
0.77-0.82) for AHEI (P < .001 for trend for all) (Table 2 and eFig-
ure 1 in Supplement 1).

In multivariate analyses, the 4 dietary scores were in-
versely associated with the risk of most major causes of death.
In the pooled analysis of women and men, significant inverse
associations were observed between 4 dietary scores and
deaths due to CVD (HEI-2015: HR, 0.87 [95% CI, 0.83-0.92];
AMED score: HR, 0.94 [95% CI, 0.91-0.97]; HPDI: HR, 0.94 [95%
CI, 0.89-0.99]; and AHEI: HR, 0.88 [95% CI, 0.84-0.92]), can-
cer (HEI-2015: HR, 0.82 [95% CI, 0.78-0.86]; AMED score: HR,
0.93 [95% CI, 0.90-0.96]; HPDI: HR, 0.90 [95% CI, 0.86-
0.95]; and AHEI: HR, 0.84 [95% CI, 0.81-0.88]), and respira-
tory disease (HEI-2015: HR, 0.54 [95% CI, 0.49-0.59]; AMED
score: HR, 0.65 [95% CI, 0.61-0.69]; HPDI: HR, 0.63 [95% CI,
0.58-0.70]; and AHEI: HR, 0.56 [95% CI, 0.52-0.61]) (Table 3
and eTables 5-8 in Supplement 1). The AMED score and AHEI
were associated with lower risk of mortality caused by neu-
rodegenerative disease. For deaths from the top 3 cancers
among men and women, consistent inverse associations were
observed between the 4 dietary scores and death from lung
cancer in both men and women (eTable 9 in Supplement 1).

The baseline characteristics, including the dietary scores,
were similar across different racial and ethnic groups in the NHS
(eTable 10 in Supplement 1). The associations between di-
etary patterns and total mortality did not differ significantly
by race and ethnicity; the HRs of total mortality per 25-
percentile difference in HEI-2015 were 0.55 (95% CI, 0.33-
0.89; P = .21 for interaction) in Hispanic women, 0.59 (95% CI,
0.41-0.84; P = .19 for interaction) in non-Hispanic Black

women, 0.75 (95% CI, 0.72-0.78) in non-Hispanic White
women, and 0.72 (95% CI, 0.62-0.85; P = .65 for interaction)
in other racial and ethnic minority groups (Figure). Similar re-
sults were found for AMED score, HPDI, and AHEI. In sub-
group analyses by other potential risk factors for death, the in-
verse association between dietary scores and total mortality
persisted in all subgroups (Table 4). Significant interactions
were detected between 4 dietary scores and total mortality by
sex and smoking status; HRs were higher among women than
among men and among current and ever smokers than among
never smokers. The significant inverse associations between
dietary scores and total mortality remained largely un-
changed when pack-years of smoking were further adjusted
(eTable 11 in Supplement 1), the baseline and simple updated
dietary data were used (eTables 12 and 13 in Supplement 1), the
diet was continuously updated until the end of follow-up
(eTable 14 in Supplement 1), and the random-effects model was
used (eTables 15 and 16 in Supplement 1). When applying a com-
peting risk regression model for cause-specific mortality, the
results remained consistent with those from the primary analy-
sis (eTable 17 in Supplement 1).

Discussion
In this cohort study of 2 large prospective cohorts, we found
a significant dose-dependent inverse association between ad-
herence to various dietary patterns and total mortality after
adjusting for potential confounders. The inverse associations
were observed for mortality from CVD, cancer, and respira-
tory diseases and persisted across different racial and ethnic
groups and other subgroups.

Our results are generally consistent with previous stud-
ies that reported inverse associations between individual di-
etary scores and all-cause mortality. The Atherosclerosis Risk
in Communities (ARIC) study,14 the Dietary Patterns Meth-

Table 2. Hazard Ratios of Death From Any Cause According to Quintiles of the HEI-2015, AMED score, HPDI, and AHEI (continued)

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
P value
for trend

HPFS

Score, median (IQR) 35 (32-37) 42 (41-44) 48 (46-49) 53 (52-55) 61 (59-65) NA

Cases/PYs 4443/239 791 4710/246 148 4617/250 070 4576/245 755 4554/234 148 NA

Age-adjusted HR (95% CI) 1 [Reference] 0.88 (0.85-0.92) 0.79 (0.76-0.83) 0.73 (0.70-0.76) 0.69 (0.67-0.72) <.001

Multivariable adjusted HR (95% CI)a 1 [Reference] 0.98 (0.94-1.02) 0.91 (0.87-0.95) 0.88 (0.84-0.92) 0.87 (0.83-0.91) <.001

Pooled

Age-adjusted HR (95% CI) 1 [Reference] 0.85 (0.83-0.87) 0.77 (0.75-0.79)b 0.70 (0.68-0.72) 0.64 (0.63-0.66) <.001

Multivariable adjusted HR (95% CI)a 1 [Reference] 0.93 (0.91-0.96) 0.88 (0.86-0.91) 0.84 (0.82-0.86) 0.80 (0.77-0.82) <.001

Abbreviations: AHEI, Alternate Healthy Eating Index; AMED, Alternate
Mediterranean Diet; HEI-2015, Healthy Eating Index 2015; HPDI, Healthful
Plant-based Diet Index; HPFS, Health Professionals Follow-Up Study; HR,
hazard ratio; NA, not applicable; NHS, Nurses’ Health Study; PY, person-years.
a Multivariable analysis was adjusted for age, calendar year, race and ethnicity

(NHS: Hispanic, non-Hispanic Black, non-Hispanic White, or other; HPFS,
Black, White, or other), marriage status (married; divorced, separated, or
single; or widowed), living status (alone or not alone), family history of
myocardial infarction (yes or no), family history of diabetes (yes or no), family
history of cancer (yes or no), menopausal status (pre- or postmenopausal

[never, past, or current menopausal hormone use]; NHS only), multivitamin
use (yes or no), aspirin use (yes or no), total energy intake (quintile), smoking
status (never, former, or current smoker [1-14, 15-24, or �25 cigarettes/d),
alcohol drinking (0, 0.1-4.9, 5.0-14.9, 15.0-19.9, 20.0-29.9, or �30 g/d),
physical activity (quintile), history of hypertension (yes or no), history of
hypercholesterolemia (yes or no), and body mass index (<21, 21-24.9, 25-29.9,
30-34.9, or �35 [calculated as weight in kilograms divided by height in meters
squared]).

b Represents I2 less than 75%.
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ods Project,13 and the Women's Health Initiative Observa-
tional Study27 found similar inverse associations in direction
and magnitude for HEI-2015, AHEI, and AMED. When com-
paring the associations between 4 dietary scores of healthy eat-
ing patterns, the HRs of mortality associated with HEI-2015 and
AHEI were higher than those for AMED and HPDI. These re-
sults are partly in line with previous findings that relative risk
of death over 12 years was lower when diet quality was as-
sessed by the AHEI than the AMED score.28 However, in the
ARIC study, the relative risks were lower for the AMED than
for HEI-2015 and AHEI.14 The reason for the similarity in the
associations between the diet quality scores and mortality is
probably that these dietary patterns share several compo-
nents, such as whole grains, fruits, vegetables, nuts, and le-
gumes. However, there are also some distinct components for
each dietary score; for example, the AMED score encourages
fish intake, but the HPDI discourages all animal foods. Accord-
ingly, the correlations between 4 dietary scores ranged from
moderately low to moderately high (r = 0.39-0.75). Our find-
ings support the recommendations of the current DGAs to
achieve long-term health benefits by adherence to various
healthy eating patterns that can be adopted based on indi-

viduals’ health needs, food preferences, and cultural tradi-
tions, although all these diet patterns encourage high con-
sumption of healthy plant-based foods.

Our study provided additional data supporting inverse as-
sociations of heathy eating patterns with cause-specific mor-
tality. The deaths in our study were mainly attributable to ma-
jor chronic diseases, including CVD, cancer, respiratory disease,
and neurodegenerative disease. Consistent with previous stud-
ies on CVD incidence and mortality,16,29 we found an inverse
association between each healthy eating score and CVD mor-
tality. Our results of lower HRs for the AHEI and HEI-2015 than
for the AMED score were expected given that the AHEI and HEI-
2015 are mostly based on current knowledge of dietary fac-
tors contributing to cardiovascular disease.30,31 The current evi-
dence on healthy eating patterns and cancer mortality remains
controversial.32,33 Our data support that healthy eating pat-
terns may be associated with reduced mortality from all can-
cers, but the presence of associations varied for mortality due
to specific cancer, which were consistent with some previous
findings for incidence of these specific cancers.34-38 Previous
data on healthy eating patterns and mortality attributable to
respiratory disease are sparse. The Singapore Chinese Health

Table 3. Hazard Ratios for Death From Specific Causes According to 4 Healthy Eating Scoresa

Cause of death Cases, No.

Hazard ratio (95% CI)

HEI-2015 AMED score HPDI AHEI
NHS

Cardiovascular disease 6128 0.77 (0.72-0.83) 0.86 (0.82-0.91) 0.85 (0.78-0.92) 0.77 (0.71-0.83)

Heart disease 4330 0.74 (0.68-0.81) 0.85 (0.80-0.90) 0.81 (0.74-0.89) 0.74 (0.68-0.81)

Stroke 1798 0.85 (0.74-0.98) 0.90 (0.82-0.99) 0.94 (0.81-1.09) 0.85 (0.74-0.97)

Cancer 8733 0.82 (0.76-0.87) 0.95 (0.91-0.99) 0.91 (0.85-0.98) 0.83 (0.78-0.88)

Respiratory disease 2491 0.44 (0.39-0.49) 0.57 (0.52-0.61) 0.50 (0.44-0.57) 0.45 (0.40-0.51)

Neurodegenerative disease 5004 1.04 (0.96-1.13) 0.96 (0.90-1.01) 0.96 (0.88-1.05) 0.94 (0.87-1.01)

HPFS

Cardiovascular disease 6641 0.97 (0.90-1.04) 1.00 (0.96-1.05) 1.02 (0.95-1.10) 0.97 (0.91-1.04)

Heart disease 5386 0.94 (0.87-1.02) 1.00 (0.95-1.05) 0.99 (0.92-1.08) 0.94 (0.87-1.01)

Stroke 1255 1.11 (0.94-1.31) 1.02 (0.92-1.13) 1.13 (0.96-1.33) 1.12 (0.97-1.29)

Cancer 5710 0.82 (0.76-0.89) 0.91 (0.87-0.96) 0.89 (0.82-0.96) 0.86 (0.81-0.92)

Respiratory disease 1738 0.71 (0.62-0.81) 0.76 (0.70-0.83) 0.84 (0.73-0.96) 0.72 (0.63-0.81)

Neurodegenerative disease 2101 0.98 (0.86-1.11) 0.92 (0.85-0.99) 0.94 (0.83-1.06) 0.92 (0.82-1.03)

Pooled

Cardiovascular disease 12 769 0.87 (0.83-0.92) 0.94 (0.91-0.97) 0.94 (0.89-0.99) 0.88 (0.84-0.92)

Heart disease 9716 0.85 (0.80-0.90) 0.94 (0.90-0.97) 0.92 (0.86-0.97) 0.85 (0.81-0.90)

Stroke 3053 0.96 (0.86-1.06) 0.95 (0.89-1.02)b 1.02 (0.92-1.14)b 0.96 (0.87-1.06)

Cancer 14 443 0.82 (0.78-0.86)b 0.93 (0.90-0.96)b 0.90 (0.86-0.95)b 0.84 (0.81-0.88)b

Respiratory disease 4229 0.54 (0.49-0.59) 0.65 (0.61-0.69) 0.63 (0.58-0.70) 0.56 (0.52-0.61)

Neurodegenerative disease 7105 1.02 (0.95-1.09)b 0.94 (0.90-0.99)b 0.95 (0.89-1.02)b 0.93 (0.87-0.99)b

Abbreviations: AHEI, Alternate Healthy Eating Index; AMED, Alternate
Mediterranean Diet; HEI-2015, Healthy Eating Index 2015; HPDI, Healthful
Plant-based Diet Index; HPFS, Health Professionals Follow-Up Study; NHS,
Nurses’ Health Study.
a Calculated per 25-percentile increment in 4 healthy eating scores (25 points

for HEI-2015, 9 points for AMED score, 18 points for HPDI, and 25 points for
AHEI-2010). Multivariable analysis was adjusted for age, calendar year, race
and ethnicity (NHS: Hispanic, non-Hispanic Black, non-Hispanic White, or
other; HPFS, Black, White, or other), marriage status (married; divorced,
separated, or single; or widowed), living status (alone or not alone), family
history of myocardial infarction (yes or no), family history of diabetes (yes or

no), family history of cancer (yes or no), menopausal status (pre- or
postmenopausal [never, past, or current menopausal hormone use]; NHS
only), multivitamin use (yes or no), aspirin use (yes or no), total energy intake
(quintile), smoking status (never, former, or current smoker [1-14, 15-24, or
�25 cigarettes/d), alcohol drinking (0, 0.1-4.9, 5.0-14.9, 15.0-19.9, 20.0-29.9,
or �30 g/d), physical activity (quintile), history of hypertension (yes or no),
history of hypercholesterolemia (yes or no), and body mass index (<21,
21-24.9, 25-29.9, 30-34.9, or �35 [calculated as weight in kilograms divided by
height in meters squared]).

b Represents I2 less than 75%.
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Study39 found similar results between various dietary pat-
terns and respiratory disease mortality. In addition, a previ-
ous study by some of us found that a healthy dietary pattern
was associated with a lower risk of chronic obstructive pul-
monary disease.40 In the present study, we found an associa-
tion of the AMED score and AHEI with reduced neurodegen-
erative disease mortality, which may suggest benefits of some
unique dietary components in 2 dietary patterns, such as nuts
and monounsaturated fat.41,42 However, these findings re-
quire confirmation in further studies.

Our study observed consistent inverse associations be-
tween individual dietary scores and total mortality across dif-
ferent subgroups, supporting the protective association of vari-
ous healthy eating patterns with mortality among individuals
with diverse cultural food traditions. Consistent inverse asso-
ciations between individual dietary scores and risk of total mor-
tality across racial and ethnic groups were found among
women, and no significant interaction was detected, which was
generally in line with previous findings on the HEI, AHEI, and
AMED score in relation to mortality from the Multiethnic
Cohort13 and the ARIC study.14 Considering the same profes-
sion of all participants and the relatively limited sample size
of racial and ethic minority individuals in the present study,
further studies are warranted to confirm these findings.

Strengths and Limitations
Strengths of the present study include a direct comparison
of multiple dietary patterns, long-term and repeated mea-
sures of diet, multiple racial and ethnic groups, and
observed associations between dietary quality scores and
respiratory and neurological disease mortality. However,
the study has certain limitations. First, because dietary
intake information was self-reported, some measurement
error was inevitable. However, the FFQs used in the present
study were extensively validated against diet records and
biomarkers. Second, the possibility of residual and unmea-
sured confounding could not be completely ruled out
because of the observational nature of the study. Third, we
did not examine the association between each dietary com-
ponent and mortality because we considered diet as a com-
bination of multiple components that act synergistically.
Fourth, generalizability may be limited because participants
were mostly health professionals.

Conclusions
In this cohort study, greater adherence to various healthy
eating patterns was consistently associated with a lower risk

Figure. Hazard Ratios of Death From Any Cause According to 4 Healthy Eating Scores Across Racial and Ethnic Groups in the Nurses’ Health Study
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Multivariable analysis was adjusted for age, calendar year, marriage status
(married; divorced, separated, or single; or widowed), living status (alone or not
alone), family history of myocardial infarction (yes or no), family history of
diabetes (yes or no), family history of cancer (yes or no), menopausal status
(pre- or postmenopausal [never, past, or current menopausal hormone use];
Nurses’ Health Study only), multivitamin use (yes or no), aspirin use (yes or no),
total energy intake (quintile), smoking status (never, former, or current smoker

[1-14, 15-24, or �25 cigarettes/d]), alcohol drinking (0, 0.1-4.9, 5.0-14.9,
15.0-19.9, 20.0-29.9, or �30 g/d), physical activity (quintile), history of
hypertension (yes or no), history of hypercholesterolemia (yes or no), and body
mass index (<21, 21-24.9, 25-29.9, 30-34.9, or �35 [calculated as weight in
kilograms divided by height in meters squared]). AHEI indicates Alternate
Healthy Eating Index; AMED, Alternate Mediterranean Diet; HEI-2015, Healthy
Eating Index 2015; HPDI, Healthful Plant-based Diet Index.
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Table 4. Pooled Hazard Ratios of Death From Any Cause According to 4 Healthy Eating Scores Across Subgroupsa

Subgroup HEI-2015
P value for
interaction AMED score

P value for
interaction HPDI

P value for
interaction AHEI

P value for
interaction

Age, y

<65 0.80 (0.75-0.87)
.87

0.84 (0.80-0.88)
.055

0.82 (0.76-0.89)
.15

0.77 (0.72-0.83)
.19

≥65 0.81 (0.79-0.83) 0.88 (0.87-0.90) 0.87 (0.85-0.90) 0.81 (0.79-0.83)

Sex

Female 0.76 (0.73-0.78)
<.001

0.85 (0.83-0.87)
<.001

0.80 (0.77-0.83)
<.001

0.75 (0.73-0.77)
<.001

Male 0.88 (0.84-0.91) 0.91 (0.89-0.94) 0.94 (0.90-0.98) 0.88 (0.85-0.91)

Raceb

Racial minority
groupsc

0.80 (0.72-0.90)
.93

0.90 (0.84-0.97)
.48

0.90 (0.81-1.01)
.41

0.81 (0.73-0.90)
.98

White 0.81 (0.79-0.83) 0.88 (0.86-0.89) 0.86 (0.84-0.88) 0.81 (0.79-0.83)

Smoking status

Never 0.92 (0.88-0.96)

<.001

0.95 (0.92-0.98)

<.001

0.95 (0.91-1.00)

<.001

0.90 (0.86-0.93)

<.001Past 0.76 (0.73-0.78) 0.85 (0.83-0.86) 0.81 (0.78-0.84) 0.76 (0.74-0.78)

Current 0.78 (0.72-0.84) 0.85 (0.81-0.90) 0.86 (0.79-0.94) 0.77 (0.71-0.84)

Alcohol consumption

Ever 0.80 (0.77-0.83)
.48

0.88 (0.86-0.90)
<.001

0.87 (0.84-0.90)
.36

0.81 (0.78-0.84)
.91

Never 0.82 (0.79-0.85) 0.93 (0.91-0.96) 0.85 (0.82-0.89) 0.81 (0.78-0.84)

Physical activity

Inactive 0.86 (0.83-0.88)
.11

0.91 (0.89-0.93)
.15

0.90 (0.87-0.93)
.61

0.85 (0.82-0.88)
.17

Active 0.82 (0.79-0.86) 0.89 (0.86-0.91) 0.89 (0.85-0.92) 0.82 (0.79-0.85)

BMI

<25 0.78 (0.75-0.81)

.01

0.86 (0.84-0.88)

.002

0.83 (0.79-0.86)

.001

0.78 (0.75-0.80)

.00325-29.9 0.84 (0.81-0.88) 0.89 (0.86-0.91) 0.92 (0.88-0.96) 0.85 (0.82-0.88)

≥30 0.83 (0.77-0.89) 0.94 (0.90-0.99) 0.85 (0.79-0.92) 0.81 (0.75-0.87)

Multivitamin use

No 0.85 (0.82-0.88)
<.001

0.90 (0.88-0.92)
.005

0.89 (0.86-0.92)
.005

0.83 (0.81-0.86)
.003

Yes 0.76 (0.73-0.79) 0.85 (0.83-0.88) 0.82 (0.79-0.86) 0.77 (0.74-0.80)

Aspirin use

No 0.80 (0.77-0.83)
.53

0.86 (0.84-0.88)
.02

0.83 (0.80-0.86)
.006

0.78 (0.76-0.81)
.04

Yes 0.81 (0.78-0.84) 0.89 (0.87-0.92) 0.89 (0.86-0.92) 0.82 (0.80-0.85)

Family history of
myocardial infarction

No 0.82 (0.79-0.84)
.37

0.88 (0.86-0.90)
.34

0.86 (0.83-0.88)
.65

0.81 (0.79-0.83)
.89

Yes 0.78 (0.75-0.83) 0.88 (0.85-0.91) 0.88 (0.84-0.93) 0.80 (0.76-0.84)

Family history
of diabetes

No 0.80 (0.78-0.83)
.17

0.87 (0.86-0.89)
.79

0.86 (0.83-0.89)
.39

0.80 (0.78-0.83)
.74

Yes 0.82 (0.78-0.86) 0.89 (0.86-0.92) 0.87 (0.83-0.91) 0.81 (0.77-0.84)

Family history
of cancer

No 0.81 (0.78-0.83)
.73

0.87 (0.85-0.89)
.06

0.86 (0.84-0.89)
.78

0.80 (0.78-0.82)
.34

Yes 0.81 (0.77-0.86) 0.90 (0.87-0.94) 0.87 (0.82-0.92) 0.82 (0.78-0.86)

Abbreviations: AHEI, Alternate Healthy Eating Index; AMED, Alternate
Mediterranean Diet; BMI, body mass index (calculated as weight in kilograms
divided by height in meters squared); HEI-2015, Healthy Eating Index 2015;
HPDI, Healthful Plant-based Diet Index; HPFS, Health Professionals Follow-Up
Study; NHS, Nurses’ Health Study.
a Calculated per 25-percentile increment in 4 healthy eating scores (25 points

for HEI-2015, 9 points for AMED, 18 points for HPDI, and 25 points for
AHEI-2010). Multivariable analysis was adjusted for age, calendar year, race
and ethnicity (NHS: Hispanic, non-Hispanic Black, non-Hispanic White, or
other; HPFS, Black, White, or other), marriage status (married; divorced,
separated, or single; or widowed), living status (alone or not alone), family
history of myocardial infarction (yes or no), family history of diabetes (yes or
no), family history of cancer (yes or no), menopausal status (pre- or

postmenopausal [never, past, or current menopausal hormone use]; NHS
only), multivitamin use (yes or no), aspirin use (yes or no), total energy intake
(quintile), smoking status (never, former, or current smoker [1-14, 15-24, or
�25 cigarettes/d), alcohol drinking (0, 0.1-4.9, 5.0-14.9, 15.0-19.9, 20.0-29.9,
or �30 g/d), physical activity (quintile), history of hypertension (yes or no),
history of hypercholesterolemia (yes or no), and body mass index (<21,
21-24.9, 25-29.9, 30-34.9, or �35 [calculated as weight in kilograms divided by
height in meters squared]), except the corresponding subgroup variates.

b Due to relatively small numbers, racial and ethnic minority groups were
combined in the stratified analyses.

c Includes American Indian, Asian, Black, Hawaiian, and multiracial.
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of death. Our findings support the recommendations of
DGAs for multiple healthy eating patterns for all US indi-

viduals with diverse cultural and personal food traditions
and preferences.
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