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Healthy dietary patterns, longevity genes, and life 
expectancy: A prospective cohort study
Yanling Lv1,2, Jing Song3,4*, Ding Ding5,6, Mengyun Luo5,6, Feng J. He3, Changzheng Yuan7,8, 
Graham A. MacGregor3, Liegang Liu1,2, Liangkai Chen1,2*

Associations between healthy dietary patterns and life expectancy remain unclear. Here, we reported the pro-
spective associations of five dietary patterns with mortality and life expectancy in 103,649 UK Biobank partici-
pants. Over a median follow-up period of 10.6 years, 4314 total deaths were documented. Alternate Healthy 
Eating Index-2010, Alternate Mediterranean Diet (AMED), healthful Plant-based Diet Index (hPDI), Dietary Ap-
proaches to Stop Hypertension, and Diabetes Risk Reduction Diet (DRRD) were associated with lower all-cause 
mortality and longer life expectancy, with DRRD showing slightly stronger associations than hPDI. Compared with 
the bottom quintile, achieving the top quintile of dietary scores was associated with 1.9 to 3.0 years of life gained 
at 45 years in men and 1.5 to 2.3 years in women. The life gained was longest in DRRD for males and AMED for fe-
males. The significant associations remained when accounting for genetic susceptibility. Our findings underscore 
the advantages of healthy dietary patterns in prolonging life expectancy, regardless of longevity genes.

INTRODUCTION
Following decades of rapid increase, the trajectory of life expectancy 
has decelerated in recent years (1). As highlighted by the 2017 Global 
Burden of Disease Study, an unhealthy dietary regimen stands out as a 
primary cause of death globally (2), underscoring the adoption of a 
healthy diet might constitute a potentially cost-effective strategy for 
mitigating premature death and augmenting life expectancy (3). Di-
etary patterns, which consist of a variety of food groups and account 
for their potentially synergistic or antagonistic effects, are an essential 
approach and are increasingly used to estimate the association between 
diet and mortality (4). Noteworthy, a priori dietary pattern scores mea-
suring the adherence to a dietary pattern defined on the basis of previ-
ous scientific evidence, such as the Alternate Healthy Eating Index 
(AHEI), the Alternate Mediterranean Diet score (AMED), the healthful 
Plant-based Diet Index (hPDI), the Dietary Approaches to Stop Hyper-
tension (DASH), and the Diabetes Risk Reduction Diet (DRRD), are as-
sociated with reduced risks of chronic diseases and mortality (5–7). 
Nonetheless, the full extent of the associations between these healthy 
dietary patterns and life expectancy remains incompletely understood; 
only a few studies have reported the association between healthy dietary 
patterns and life expectancy using real-world data (8, 9). Given that life 
expectancy embodies an absolute metric, estimating the “life gain” at-
tributed to a healthier dietary pattern compared to an unhealthy one is 
more interpretable for the public and policy-makers than relative met-
rics, such as hazard ratios (HRs) (10).

Evidence has shown the effect of genetic determinants on lon-
gevity, with increasing longevity-associated mutations being discov-
ered as human genetic research progresses (11, 12). In addition, the 
genetic architecture plays an important role in nutrient intake and 
metabolism (13, 14). Recently, a growing body of studies has shown 
the interaction between genetic risk and environmental risk factors 
like diet (15, 16). However, the interplay between dietary quality, 
genetic predisposition toward shortened life span, and their com-
bined effects on life expectancy remains largely unknown. There-
fore, this study aimed to assess the associations of healthy dietary 
patterns with mortality and life expectancy in the UK Biobank. In 
addition, we aimed to evaluate the interaction and joint association 
between dietary patterns and genetic susceptibility to short life span 
on all-cause mortality and life expectancy.

RESULTS
Participant characteristics
The final study sample comprised 103,649 participants [mean (SD) 
age, 58.3 (7.8) years; 56.4% female] with two or more dietary assess-
ments and without prior cardiovascular diseases (CVDs) or cancer. 
Table 1 shows the characteristics of study participants by quintiles of 
dietary scores. Participants with higher dietary scores tended to be 
older, better educated, less deprived, less likely to smoke, more physi-
cally active, consumed less alcohol, and had a lower body mass index 
(BMI). The distribution of each dietary score was generally normal 
(fig. S1) and exhibited moderate to high intercorrelations, with 
Spearman’s correlation coefficients ranging from 0.44 to 0.88 (fig. S2). 
Correlations between food groups and the five dietary scores are 
shown in fig. S3.

Associations of dietary patterns with all-cause and 
cause-specific mortality
During a median follow-up of 10.6 years (1,094,467 person-years), 
4314 total deaths were documented. After adjusting for potential con-
founders, all dietary scores were linearly associated with a reduced 
risk of all-cause mortality (Fig. 1). Comparing the highest quintile to 
the lowest, multivariable-adjusted HRs with 95% confidence intervals 
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(CIs) were 0.80 (0.73, 0.89) for AHEI, 0.80 (0.72, 0.88) for AMED, 
0.82 (0.74, 0.92) for hPDI, 0.81 (0.73, 0.90) for DASH, and 0.76 (0.69, 
0.84) for DRRD (all P for trend < 0.0001; Table 2). When differentiat-
ing CVD, cancer, neurodegenerative disease, respiratory disease, and 
other-cause mortality from all deaths, higher dietary scores tended to 
be associated with lower risk of cause-specific mortalities (fig. S4), 
and a significant inverse association was observed in cancer mortality, 
respiratory disease mortality, and other-cause mortality in the final 
model (tables S1 to S5).

Joint analysis of dietary patterns and longevity genes with 
all-cause mortality
The baseline characteristics of participants included in the genetic 
analyses were generally similar to the main analysis sample (table S6). 
The distribution of longevity polygenic risk score (PRS) is shown in 
fig. S5, presenting a linear decrease in the risk of all-cause mortality 
with rising genetic predisposition to longevity (fig. S6). Compared to 
low PRS, participants with high PRS had a 15% lower risk of total 
death [HR, 0.85 (95% CI: 0.78, 0.91); table S7]. When examining the 
dietary scores and genetic predisposition jointly, the all-cause mor-
tality tended to decrease with higher dietary scores and higher PRS 
(Fig. 2). Stratification by PRS categories revealed persistent inverse 
associations between dietary scores and all-cause mortality, with no 
significant multiplicative or additive interactions observed (all P for 
interaction > 0.05; table S8), except that the association between 
DRRD and all-cause mortality was stronger among participants with 
lower longevity PRS (P for interaction = 0.037).

Dietary patterns, longevity genes, and their joint 
associations with life expectancy
The estimated life expectancy at age 45 years (95% CI) was 34.0 
(33.6, 34.8), 34.0 (33.2, 34.7), 34.0 (33.6, 34.9), 34.0 (33.6, 34.8), and 
33.6 (33.1, 34.5) for men in the bottom quintile and 36.4 (35.6, 37.7), 
36.2 (35.6, 37.1), 35.9 (35.3, 37.3), 36.3 (35.6, 37.7), and 36.7 (36.0, 
38.0) for men in the top quintile of AHEI, AMED, hPDI, DASH, and 
DRRD, respectively. For women, the corresponding estimates were 
37.3 (36.9, 37.9), 37.1 (36.8, 38.2), 37.7 (36.6, 38.6), 37.4 (36.0, 37.9), 
and 37.5 (36.4, 38.2) in the bottom quintile and 39.1 (38.3, 39.6), 39.4 
(38.3, 40.1), 39.2 (38.4, 39.9), 38.9 (38.3, 39.6), and 39.2 (38.4, 40.1) in 
the top quintile of AHEI, AMED, hPDI, DASH, and DRRD, respec-
tively (table S9). Compared to participants with the lowest dietary 
scores, individuals in the highest quintile of dietary scores gained years 
of life at age 45 ranging from 1.9 (95% CI: 0.6 to 3.4) to 3.0 (95% CI: 1.9 
to 4.5) years in man and 1.5 (95% CI: 0.2 to 3.0) to 2.3 (95% CI: 0.5 to 
3.0) years in women (Fig. 3). Among participants with high PRS, life 
expectancy at age 45 years was 1.4 (95% CI: 0.5 to 2.3) years longer for 
men and 1.7 (95% CI: 0.7 to 2.7) years longer for women than those 
with low PRS (table S10). Combining dietary scores and PRS, the 
gained years of life at 45 years for men with high PRS and the highest 
quintile of dietary score were 2.5 (95% CI: 0.5 to 4.6), 1.0 (95% CI: −1.0 
to 3.1), 1.3 (95% CI: −1.1 to 3.5), 1.5 (95% CI: −0.6 to 3.8), and 3.2 
(95% CI: 1.0 to 5.6), for AHEI, AMED, hPDI, DASH, and DRRD com-
pared with the combination of low PRS and the lowest quintile of di-
etary score, respectively. For women with high PRS and the highest 
quintile of dietary score, the life expectancy was 2.4 (95% CI: 0.2 to 
4.5), 4.2 (95% CI: 2.2 to 6.5), 4.0 (95% CI: 1.6 to 6.4), 2.4 (95% CI: 0.3 
to 4.6), and 5.5 (95% CI: 3.2 to 7.8) years longer for AHEI, AMED, 
hPDI, DASH, and DRRD compared with the combination of low 
PRS and the lowest quintile of dietary score, respectively (fig. S7).
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Sensitivity analyses
Associations between dietary scores and all-cause mortality were 
not significantly modified by age, sex, obesity, smoking status, en-
ergy intake, and physical activity. However, the inverse association 
between dietary scores and all-cause mortality was stronger in more 
deprived participants, the association between DASH and all-cause 
mortality was more pronounced in older participants, and the asso-
ciation between DRRD and all-cause mortality was stronger among 
former or current smokers (table S11). The significant inverse associa-
tion between dietary scores and all-cause mortality remained largely 
unchanged after further adjusting for smoking pack years, self-
reported health status, and food groups not included in each dietary 
pattern, or when not adjusting for total energy intake (table S12). 
When restricting to never smokers, the association with all-cause 
mortality was slightly weaker for DRRD but slightly stronger for the 
other four dietary scores (table S13). The magnitude of associations 
between all dietary scores and all-cause mortality tended to be stron-
ger when further excluding participants with diabetes at baseline 
(table S14), when excluding those who reported their diet as not typi-
cal at any of the five dietary recall occasions (table S15), and when 
restricting to participants with three or more dietary assessments 
(table S16), and the results remained largely unchanged after further 
excluding those with less than 2 years of follow-up (table S17). Re-
moving alcohol from AHEI and AMED did not alter their associa-
tions with all-cause mortality significantly (table S18). For all food 
items across dietary scores, fiber intake and sugar-sweetened bever-
ages (SSBs) showed the strongest inverse and positive association with 
all-cause mortality, respectively (fig. S3). For food substitution, 

poultry intake and SSB consumption had the lowest and highest risk 
of all-cause mortality when substituting for all other food groups, 
respectively (fig. S8). For cause-specific mortality, the association 
remained stable when accounting for the competing risks using the 
Fine-Gray model (tables S19 to S23). In addition, the life expectancy 
gained remained largely unchanged when we started the life table at 
ages 50, 55, and 60 years (figs. S9 to S11).

DISCUSSION
In this longitudinal study of 103,649 participants, we found a signifi-
cant association of greater adherence to various healthy dietary pat-
terns with reduced all-cause mortality and prolonged life expectancy. 
After adjusting for multiple confounding factors, a healthier dietary 
pattern was associated with 18 to 24% lower risk of all-cause mortal-
ity, contributing to an additional life expectancy of 1.5 to 2.3 years for 
women and 1.9 to 3.0 years for men at the age of 45 years. Such as-
sociations remained robust regardless of carrying longevity genes.

Comparison with other studies
Our results on associations between individual dietary scores and 
all-cause mortality were generally consistent with previous studies 
conducted in the Nurses’ Health Study (NHS), the Health Profes-
sionals Follow-up Study (HPFS), and other cohorts (5, 17–20). In 
the NHS and HPFS, Shan et  al. (5) reported that multivariable-
adjusted HRs of all-cause mortality were 0.80 (95% CI: 0.77 to 0.82) 
for AHEI, 0.82 (95% CI: 0.79 to 0.84) for AMED, and 0.86 (95% CI: 
0.83 to 0.89) for hPDI when comparing the highest quintile with the 
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Fig. 1. The restricted cubic splines for associations between dietary patterns and the risk of all-cause mortality. (A) AHEI. (B) AMED. (C) hPDI. (D) DASH. (E) DRRD. 
The y axis is plotted on a log scale. Adjusted for age (in years, continuous), sex (male/female), ethnicity (white/not-white), education (lower secondary, upper secondary, 
vocational, college or university, or others), TDI (in quintiles), assessment centers (22 categories), smoking (current, former, or never), physical activity (0 to 599, 600 to 
1199, or ≥1200 MET-min/week, or unknown), BMI (<25.0, 25.0 to 29.9, or ≥30 kg/m2, or unknown), total energy intake (kilocalories, continuous), baseline dyslipidemia 
(yes/no), hypertension (yes/no), diabetes (yes/no), longevity polygenic risk score (PRS) (in tertiles), top 10 genetic primary components (continuous), and genotype mea-
surement batches (continuous); alcohol consumption (0, 0.1 to 5, 5.1 to 10, 10.1 to 15, 15.1 to 20, 20.1 to 30, or >30 g/day) was adjusted for hPDI, DASH, and DRRD. MET, 
metabolic equivalent of task.
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lowest, with a median follow-up of 36 years. The long follow-up and 
the use of cumulative mean dietary scores in NHS and HPFS con-
tributed to their relatively narrower CIs. Similarly, in the Multieth-
nic Cohort, the highest quintile of AHEI, AMED, and DASH was 
associated with a 22, 24, and 19% lower risk of all-cause mortality, 
respectively (17). In addition, the magnitude and direction of the 
inverse association between DRRD and total mortality were also 
consistent with a recent report conducted in the US older popula-
tion, which found a 24% lower risk of all-cause mortality in the top 
quintile compared to the bottom one (20). Among five dietary indi-
ces, DRRD showed the strongest association with all-cause mortal-
ity, which aligned with the findings of Wang et al. (6). Statistically, 
this result can be partly explained by the direct inclusion of dietary 
fiber intake and glycemic index in the DRRD scoring, as dietary fi-
ber intake showed the strongest association with all-cause mortality 

and dietary glycemic index was also significantly associated with all 
deaths. Another possible explanation is that a diet particularly effec-
tive in improving insulin sensitivity may have greater potential to 
prevent chronic conditions and premature death, as insulin sensitiv-
ity plays a crucial role in the development and progression of chron-
ic diseases (21).

Evidence regarding the associations between various dietary pat-
terns and life expectancy remained limited. Using data from the 
NHS and the HPFS and the life table method, Li et al. (22) reported 
an approximately 4.7 years longer life expectancy at age 50 years for 
men and 3.8 years for women with the highest quintile of AHEI 
compared to the lowest. The association was stronger than our re-
sults, but the relatively longer life expectancy among males than 
females was consistent with our findings. However, in this study, 
AHEI was treated as a component of a healthy lifestyle, and other 

Table 2. HR (95% CI) of death from all causes according to quintiles of AHEI, AMED, hPDI, DASH, and DRRD. Model 1 adjusted for age (in years, continuous) 
and sex (male/female). Model 2 adjusted for covariates in model 1 plus ethnicity (white/not-white), education (lower secondary, upper secondary, vocational, 
college or university, or others), TDI (in quintiles), assessment centers (22 categories), smoking (current, former, or never), physical activity (0 to 599, 600 to 1199, 
or ≥1200 MET-min/week, or unknown), BMI (<25.0, 25.0 to 29.9, or ≥30 kg/m2, or unknown), total energy intake (kilocalories, continuous), baseline dyslipidemia 
(yes/no), hypertension (yes/no), diabetes (yes/no), longevity PRS (in tertiles), top 10 genetic primary components (continuous), and genotype measurement 
batches (continuous); alcohol consumption (0, 0.1 to 5, 5.1 to 10, 10.1 to 15, 15.1 to 20, 20.1 to 30, or >30 g/day) was adjusted for hPDI, DASH, and DRRD.

Quintile of dietary score

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 P for trend Per SD increment

﻿AHEI﻿ ﻿ ﻿ ﻿ ﻿ ﻿ ﻿ ﻿

 Median score 45 (41, 48) 54 (52, 56) 61 (59, 62) 67 (65, 69) 76 (73, 81) ﻿ ﻿

Cases/
person- years

996/218,823 898/218,711 876/218,791 801/219,021 743/219,122 ﻿ ﻿

 Model 1 1.00 (reference) 0.83 (0.76, 0.91) 0.78 (0.72, 0.86) 0.71 (0.65, 0.78) 0.66 (0.60, 0.73) <0.0001 0.86 (0.84, 0.89)

 Model 2 1.00 (reference) 0.90 (0.83, 0.99) 0.88 (0.81, 0.97) 0.83 (0.75, 0.91) 0.80 (0.73, 0.89) <0.0001 0.93 (0.90, 0.96)

﻿AMED﻿ ﻿ ﻿ ﻿ ﻿ ﻿ ﻿ ﻿

 Median score 20 (18, 21) 24 (23, 25) 27 (26, 28) 30 (29, 31) 35 (34, 37) ﻿ ﻿

Cases/
person- years

942/227,792 879/209,644 858/218,227 869/229,324 766/209,481 ﻿ ﻿

 Model 1 1.00 (reference) 0.90 (0.82, 0.98) 0.79 (0.72, 0.87) 0.73 (0.67, 0.80) 0.67 (0.61, 0.74) <0.0001 0.86 (0.84, 0.89)

 Model 2 1.00 (reference) 0.95 (0.87, 1.05) 0.88 (0.81, 0.97) 0.84 (0.76, 0.92) 0.80 (0.72, 0.88) <0.0001 0.92 (0.89, 0.95)

﻿hPDI﻿ ﻿ ﻿ ﻿ ﻿ ﻿ ﻿ ﻿

 Median score 47 (45, 48) 52 (51, 53) 55 (54, 56) 58 (57, 59) 63 (62, 65) ﻿ ﻿

Cases/
person- years

864/200,289 1014/236,866 852/209,446 872/236,034 712/211,832 ﻿ ﻿

 Model 1 1.00 (reference) 0.91 (0.83, 0.998) 0.84 (0.77, 0.93) 0.77 (0.70, 0.85) 0.72 (0.65, 0.80) <0.0001 0.90 (0.87, 0.93)

 Model 2 1.00 (reference) 0.97 (0.88, 1.06) 0.92 (0.84, 1.02) 0.86 (0.78, 0.95) 0.82 (0.74, 0.92) <0.0001 0.95 (0.91, 0.98)

﻿DASH﻿ ﻿ ﻿ ﻿ ﻿ ﻿ ﻿ ﻿

 Median score 16 (15, 18) 20 (19, 21) 22 (22, 23) 25 (24, 26) 29 (27, 30) ﻿ ﻿

Cases/
person- years

993/234,222 1049/241,870 673/179,063 875/229,151 724/210,162 ﻿ ﻿

 Model 1 1.00 (reference) 0.91 (0.83, 0.99) 0.77 (0.69, 0.85) 0.76 (0.70, 0.84) 0.69 (0.63, 0.76) <0.0001 0.87 (0.84, 0.90)

 Model 2 1.00 (reference) 0.99 (0.90, 1.08) 0.86 (0.78, 0.95) 0.87 (0.79, 0.96) 0.81 (0.73, 0.90) <0.0001 0.92 (0.89, 0.95)

﻿DRRD﻿ ﻿ ﻿ ﻿ ﻿ ﻿ ﻿ ﻿

 Median score 18 (17, 20) 23 (22, 24) 25 (25, 26) 28 (27, 29) 33 (32, 35) ﻿ ﻿

Cases/
person- years

876/194,850 1117/278,220 628/154,510 990/259,930 703/206,957 ﻿ ﻿

 Model 1 1.00 (reference) 0.84 (0.76, 0.91) 0.83 (0.75, 0.92) 0.78 (0.71, 0.85) 0.68 (0.62, 0.75) <0.0001 0.88 (0.86, 0.91)

 Model 2 1.00 (reference) 0.89 (0.81, 0.97) 0.89 (0.80, 0.99) 0.85 (0.78, 0.93) 0.76 (0.69, 0.84) <0.0001 0.92 (0.89, 0.95)
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lifestyle factors were not adjusted for when modeling the association 
between AHEI and all-cause mortality. Consequently, when con-
structing a life table using a relative overestimated HR, the estimat-
ed life expectancy is likely to be overestimated. In another analysis 
conducted in the Whitehall II study, participants with the healthiest 
diet (the highest fifth of AHEI) lived 2.5 cardiometabolic disease-
free years longer than those with the unhealthiest diet (the lowest 
fifth) at age 50 years (23). In the Whitehall II study, the interquartile 
range (IQR) of AHEI in the bottom quintile was 22 to 44, while the 
IQR of AHEI in the same quintile was 41 to 48 in our study, indicat-
ing a generally higher dietary quality for participants in the UK Bio-
bank and shedding light on the slightly lower life expectancy observed 
in the UK Biobank.

Besides AHEI, significantly prolonged life expectancy of partici-
pants with the highest quintile than the lowest was observed for 
AMED, hPDI, DASH, and DRRD in our analysis, while no previous 
studies have investigated the association between these dietary 
scores and life expectancy. Although AMED and hPDI were based 
on tradition and personal preference and DASH and DRRD were 
established to reduce the risk of hypertension or diabetes, they were 
all associated with lower risk of major chronic diseases, such as 
CVD, stroke, cancer, type 2 diabetes, and others (6, 11), which might 
explain the extended life expectancy for those with a healthier di-
etary pattern. On the one hand, our study provided quantitative data 
and filled the gap in the knowledge of the impact of multiple healthy 
dietary patterns on life span. On the other hand, further studies are 

Low PRS
    Quintile 1
    Quintile 2
    Quintile 3
    Quintile 4
    Quintile 5

 PRS
    Quintile 1
    Quintile 2
    Quintile 3
    Quintile 4
    Quintile 5
High PRS
    Quintile 1
    Quintile 2
    Quintile 3
    Quintile 4
    Quintile 5

No. case/ 

308/72 065
318/66 728
289/67 370
280/69 078
284/68 938

301/71 751
304/67 608
271/68 439
248/68 623
236/68 997

249/72 815
271/67 729
255/68 175
245/67 338
261/68 681

HR (95% CI)
of hPDI

1.00 (ref.)
0.92 (0.79, 1.07)
0.88 (0.75, 1.04)
0.85 (0.72, 0.99)
0.79 (0.66, 0.94)

0.90 (0.77, 1.06)
0.88 (0.75, 1.02)
0.81 (0.68, 0.95)
0.70 (0.60, 0.83)
0.70 (0.58, 0.83)

0.77 (0.65, 0.91)
0.75 (0.64, 0.89)
0.76 (0.64, 0.89)
0.73 (0.62, 0.86)
0.74 (0.62, 0.89)

0.2 0.4 0.6 0.8 1 1.2 1.4
Adjusted hazard ratio

Low PRS
    Quintile 1
    Quintile 2
    Quintile 3
    Quintile 4
    Quintile 5

 PRS
    Quintile 1
    Quintile 2
    Quintile 3
    Quintile 4
    Quintile 5
High PRS
    Quintile 1
    Quintile 2
    Quintile 3
    Quintile 4
    Quintile 5

No. case/ 

296/68 968
305/68 836
318/68 756
296/68 736
264/68 883

319/69 060
258/69 127
288/68 982
254/69 146
241/69 103

257/69 075
259/68 880
243/69 017
267/68 881
255/68 884

HR (95% CI)
of AHEI

1.00 (ref.)
0.99 (0.85, 1.15)
0.92 (0.79, 1.08)
0.84 (0.72, 0.99)
0.83 (0.70, 0.98)

1.01 (0.86, 1.17)
0.84 (0.71, 0.98)
0.83 (0.71, 0.98)
0.73 (0.62, 0.87)
0.71 (0.60, 0.85)

0.84 (0.72, 0.99)
0.74 (0.63, 0.88)
0.75 (0.64, 0.89)
0.78 (0.66, 0.92)
0.76 (0.64, 0.90)

0.2 0.4 0.6 0.8 1 1.2 1.4
Adjusted hazard ratio

Low PRS
    Quintile 1
    Quintile 2
    Quintile 3
    Quintile 4
    Quintile 5

 PRS
    Quintile 1
    Quintile 2
    Quintile 3
    Quintile 4
    Quintile 5
High PRS
    Quintile 1
    Quintile 2
    Quintile 3
    Quintile 4
    Quintile 5

No. case/ 

305/64 879
351/77 272
280/67 754
269/62 595
274/71 679

289/65 640
317/76 957
288/69 568
237/63 176
229/70 077

259/63 942
299/78 403
244/69 480
218/61 861
261/71 052

HR (95% CI)
of AMED

1.00 (ref.)
0.93 (0.79, 1.09)
0.89 (0.76, 1.04)
0.84 (0.71, 0.98)
0.80 (0.68, 0.95)

0.89 (0.76, 1.04)
0.87 (0.74, 1.02)
0.84 (0.72, 0.99)
0.75 (0.64, 0.89)
0.66 (0.55, 0.78)

0.83 (0.71, 0.98)
0.80 (0.68, 0.94)
0.69 (0.58, 0.81)
0.69 (0.59, 0.82)
0.76 (0.64, 0.90)

0.2 0.4 0.6 0.8 1 1.2 1.4
Adjusted hazard ratio

No. case/ 

313/73,964
277/66,790
339/70,052
308/72,085
242/61,287

321/75,527
249/66,237
296/69,979
283/72,863
211/60,812

276/74,964
219/67,702
290/70,199
211/62,172
285/69,700

HR (95% CI) 
of DASH

1.00 (ref.)
1.03 (0.88, 1.19)
0.88 (0.75, 1.04)
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C D E

Fig. 2. Joint association of dietary patterns and longevity genes with all-cause mortality. (A) AHEI. (B) AMED. (C) hPDI. (D) DASH. (E) DRRD. Adjusted for age (in years, 
continuous), sex (male/female), ethnicity (white/not-white), education (lower secondary, upper secondary, vocational, college or university, or others), TDI (in quintiles), 
assessment centers (22 categories), smoking (current, former, or never), physical activity (0 to 599, 600 to 1199, or ≥1200 MET-min/week, or unknown), BMI (<25.0, 25.0 to 
29.9, or ≥30 kg/m2, or unknown), total energy intake (kilocalories, continuous), baseline dyslipidemia (yes/no), hypertension (yes/no), diabetes (yes/no), top 10 genetic 
primary components (continuous), and genotype measurement batches (continuous); alcohol consumption (0, 0.1 to 5, 5.1 to 10, 10.1 to 15, 15.1 to 20, 20.1 to 30, 
or >30 g/day) was adjusted for hPDI, DASH, and DRRD.
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Fig. 3. Gained years of life from 45 years of age by quintiles of dietary scores. (A) Gained years of life in men; (B) Gained years of life in women. The multivariable-
adjusted HRs were used for life expectancy calculation. Q, quintile.
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needed to distinguish the gained years free of chronic diseases from 
the overall prolonged life expectancy.

Genetic factors are important contributors to all-cause mortality 
alongside environmental factors like diet (24), while few studies have 
investigated the interplay between diet and longevity genes on mor-
tality and life expectancy. Previous studies on the Chinese elderly 
reported significant interactions between individual food group con-
sumption and single genotype on mortality, indicating a significant 
modification of healthier diet intake on the impact of genetic risk on 
short life span (25, 26). However, single food groups could not cap-
ture an individual’s diet quality and a locus mutation might only ex-
plain a small part of genetic risk (27). In our study, we calculated five 
dietary scores to holistically evaluate the diet quality and constructed 
a PRS using 19 single-nucleotide polymorphisms (SNPs) to estimate 
the genetic predisposition to longer life span and performed the in-
teraction analysis to investigate the interplay between dietary scores 
and PRS. No significant multiplicative or additive interactions were 
observed in AHEI, AMED, hPDI, and DASH, and the associations 
between these four dietary scores and all-cause mortality were gener-
ally consistent across genetic strata, indicating that a healthy dietary 
pattern was beneficial to a longer life expectancy regardless of wheth-
er individuals carry longevity genes. For DRRD, the association was 
significantly stronger in individuals with low longevity PRS (indicat-
ing a shorter life span), as several SNPs are involved in insulin regula-
tion, BMI, and lipid metabolism—factors closely linked to diabetes 
development (12). Our findings suggest that for those with a genetic 
predisposition to a shorter life span, DRRD may offer a potential 
strategy for extending life expectancy.

Several mechanisms may underlie the beneficial effects of healthy 
dietary patterns. First, all the dietary patterns emphasize the consump-
tion of vegetables, fruits, and whole grains, which are rich in dietary 
fiber, flavonoids, and other antioxidants (28, 29). These components 
may contribute to improved metabolic regulation, reduced inflamma-
tion, and maintenance of gut microbiota homeostasis (30, 31). Consis-
tently, we observed the strongest association between dietary fiber 
intake and reduced all-cause mortality, which may also partly explain 
the strongest association of all-cause mortality observed in DRRD. In 
addition, the antioxidant and metabolic regulatory potential of dietary 
patterns, particularly the DRRD, partly explain the stronger associa-
tion between DRRD and all-cause mortality observed in former or 
current smokers compared to never smokers, as smoking is known to 
increase oxidative stress, inflammation, and metabolic dysregulation 
(32). Second, the encouraged intake of nuts and unsaturated fatty acids 
aids in the cardiometabolic processes (33). Third, these dietary pat-
terns discourage the consumption of SSBs, which can promote hepatic 
de novo lipogenesis and insulin resistance and disrupt the gut micro-
biota, thereby impairing systemic metabolism (34, 35). Consistently, 
we observed the strongest positive association between SSB and all-
cause mortality in our analysis. Fourth, our results are consistent with 
previous reports showing that a higher dietary glycemic index was as-
sociated with increased all-cause mortality (36, 37). This association 
may be attributed to the potential of high–glycemic index diets to in-
duce blood glucose fluctuation and exacerbate insulin resistance, 
thereby contributing to the development of chronic diseases and pre-
mature death. Fifth, when distinguishing cause-specific mortality from 
all-cause mortality, we observed significant inverse associations in can-
cer, respiratory, and other-cause mortality, with the strongest inverse 
association observed for respiratory mortality. The stronger associa-
tion between dietary scores and respiratory mortality may be explained 

by the dietary regulation of mucosal immunity, especially dietary fiber 
(38). In contrast, the mechanisms underlying the association with can-
cer mortality require further investigation, especially regarding wheth-
er improved insulin sensitivity contributes to this relationship, given 
the superior predictive performance of the DRRD for both all-cause 
and cause-specific mortality.

Strengths and limitations of this study
Strengths of this study included the large sample size, relatively long 
follow-up, using a validated dietary recall method on at least two 
independent occasions to collect dietary data, and estimating the 
association between multiple dietary patterns and life expectancy. 
Several limitations should be acknowledged. First, the dietary infor-
mation was collected on the basis of 24-hour recall, which might be 
subject to recall and reporting biases and lead to misclassification. 
However, this misclassification would likely bias the association to-
ward null. Second, dietary data were collected only at baseline, and 
the long-term dietary characteristics and changes in diet quality over 
the follow-up duration were not evaluated. Third, the calculation of 
AMED, hPDI, DASH, and DRRD was based on the distribution of 
component intake in the study population, which might limit the 
generalization of the dietary pattern and life expectancy association. 
Fourth, as the association with all-cause mortality tended to be 
stronger among former/current smokers, the residual confounding 
by passive smoking likely overestimated the true association. Fifth, 
although our final model adjusted for a wide array of confounders 
and sensitivity analyses yielded robust results, residual confounding 
from factors such as health consciousness, health care accessibility, 
and other unmeasured variables cannot be fully excluded. Sixth, the 
effect sizes of alleles used in constructing PRS were derived from a 
population that overlaps with the UK Biobank. As a result, the effect 
size of PRS might be overestimated, and caution is needed when in-
terpreting the genetic results. Seventh, although the PRS constructed 
from 19 SNPs cannot capture the complexity of longevity genetic 
architecture, our results provided valuable insights into the diet-gene 
interaction with longevity. Last, when conducting the genetic analy-
sis, we only included participants of European descent, limiting the 
generalization of our results to other populations with a more diverse 
ethnic composition.

In conclusion, greater adherence to various healthy dietary pat-
terns was consistently associated with a lower risk of all-cause mor-
tality and longer life expectancy, regardless of longevity genes. Our 
results underscore the significance of adhering to healthy dietary 
patterns based on dietary recommendations for extending life ex-
pectancy, offering individuals the flexibility to adapt these dietary 
patterns according to their preferences and traditions.

MATERIALS AND METHODS
The manuscript followed the Strengthening the Reporting of Observa-
tional Studies in Epidemiology guideline. The analysis plan was pre-
registered with the Open Science Foundation (https://osf.io/ev6sk/).

Study design and population
The present study used data from the UK Biobank, a population-
based prospective cohort study of more than half a million partici-
pants enrolled between 2006 and 2010 from 22 assessment centers 
across England, Scotland, and Wales. Detailed information on study 
design has been reported elsewhere (39). The UK Biobank study was 
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approved by the North West Multi-centre Research Ethics Commit-
tee (REC reference: 21/NW/0157), and all participants provided in-
formed consent at recruitment.

From April 2009 to June 2012, five separate dietary assessments 
were conducted using a web-based 24-hour dietary questionnaire 
(Oxford WebQ), validated against an interviewer-administered 
24-hour recall (40) and biomarkers (41). We included participants 
who had completed two or more dietary assessments and excluded 
those with implausible energy intake (<800 or >4200 kcal/day in men 
and <600 or >3500 kcal/day in women) or those who were diagnosed 
with CVD or cancer at the last dietary questionnaire completion. Last, 
103,649 participants were included in the main analysis. We further 
excluded those without genetic data or not of European descent for 
genetic analysis (n = 97,987), as the genome-wide association study 
referenced was predicated on Europeans (fig. S12).

Dietary assessment
The consumption of each food was calculated by multiplying food 
portions by portion size (Food Standards Agency food portion sizes, 
the third edition). Nutrient intake for each food was derived by mul-
tiplying the quantity by nutrient content and then summing across 
all foods (42). The average intake of foods or nutrients from two or 
more dietary assessments was used in this analysis. We calculated 
AHEI, AMED, hPDI, DASH, and DRRD to evaluate the adherence 
to the alternate healthy eating pattern, the alternate Mediterranean 
diet pattern, the healthful plant-based pattern, the dietary pattern to 
stop hypertension, and the dietary pattern to reduce diabetes risk, 
respectively. The detailed components and criteria of each dietary 
score are shown in tables S24 to S28. Briefly, the AHEI-2010 con-
tains 11 dietary components, each allocated with 0 to 10 points, with 
a range of 0 to 110, where higher scores indicate greater adherence 
to the healthy eating pattern (7, 43). The AMED includes 10 food 
groups with one to five points assigned to each component accord-
ing to sex-specific quintiles and ranges from 10 to 50, describing the 
Mediterranean diet pattern (44). The hPDI consists of 17 dietary 
components with 1 to 5 points assigned to each component by quin-
tiles and ranges from 17 to 85 points, with a higher score indicating 
a healthier plant-based dietary pattern (45, 46). The DASH score 
includes eight food groups with 1 to 5 points assigned to each item 
and ranges from 8 to 40 points, with a higher score indicating a low-
er risk of hypertension (47). The DRRD score assigns 1 to 5 points to 
each of the nine components by quintiles and ranges from 9 to 45 
points, with a higher score indicating a lower risk of diabetes (48).

Covariates
Potential confounders were selected according to a directed acyclic 
graph (fig. S13). Age was calculated as the duration from birth to the 
last dietary assessment (continuous). Sex (male/female), ethnicity 
(white/not-white), educational attainment (lower secondary, upper 
secondary, vocational, college or university, or others), and assess-
ment centers (22 categories) were collected by a touch-screen ques-
tionnaire. Socioeconomic status was derived from the residential 
postcode and shown as the Townsend deprivation index (TDI; quin-
tiles). Smoking status was self-reported and defined as never, for-
mer, and current. Physical activity was categorized according to 
metabolic equivalent of task minutes per week (MET-min/week, 
<600, 600 to 1199, or ≥1200 MET-min/week, or unknown). BMI 
was calculated with weight in kilograms divided by height in meters 
squared and categorized into <25.0, 25.0 to 29.9, or ≥30 kg/m2, or 

unknown. Total energy intake (kilocalories, continuous) and alcohol 
consumption (0, 0.1 to 10.0, 10.1 to 20.0, 20.1 to 35.0, or ≥35.1 g/day) 
were estimated by 24-hour dietary assessment. Baseline (i.e., the date 
when the most recent dietary recall was completed) dyslipidemia, hy-
pertension, and diabetes were considered, and detailed definitions of 
these chronic diseases are shown in table S29.

Outcome definition
Death information in the UK Biobank was provided by the National 
Health Service central register (England and Wales) and the National 
Records of Scotland (Scotland). The primary outcome of our analysis 
was all-cause mortality. The secondary outcome was cause-specific 
mortality ascertained by the International Classification of Diseases, 
10th revision, including CVD mortality (I00-I99), cancer mortality 
(C00-C97), neurodegenerative disease mortality (G00-G99), respi-
ratory disease mortality (J00-J99), and all other-cause mortality. 
Person-years at risk were calculated from the date of the most re-
cent dietary assessment to the date of death, loss to follow-up, or 
30 November 2022, whichever came first.

PRS for longevity
A detailed description of the genotyping process, imputation, and 
quality control in the UK Biobank has been reported elsewhere (49). 
According to the genome-wide association study conducted among 
participants of European descent, 19 SNPs exhibited genome-wide 
significant association with longevity (12). The details of selected 
SNPs are shown in table S30. The PRS of longevity was calculated as 
follows: PRS = β1 × SNP1 + β2 × SNP2 + … + βn × SNPn, where 
SNPn denoted the effect allele number of each SNP and the β repre-
sented the years of life gained per effect allele. Together, a higher 
PRS for longevity indicated a higher risk of a long life span.

Statistical analysis
The characteristics of participants were presented across dietary pat-
terns quintiles, with continuous variables in mean (SD) or median 
(IQR), and categorical variables in counts (percentage). We evalu-
ated the association of five dietary scores with each other using 
Spearman’s correlation coefficients. The dose-response relationships 
between dietary scores and all-cause and cause-specific mortality 
were flexibly modeled using restricted cubic splines with three knots 
(10th, 50th, and 90th) distributed across each of the dietary scores. 
Departure from linearity was examined by the Wald test. The Cox 
proportional hazard regression model with follow-up time as the 
time scale was used to estimate the HR and 95% CI of all-cause mor-
tality and cause-specific mortality, using the lowest quintile of dietary 
pattern scores as the reference group. The proportional assumption 
was tested by the Schoenfeld residuals method and was not violat-
ed. We constructed two models to control the confounding effect: 
Model 1 was adjusted for age and sex, while model 2 was addition-
ally adjusted for race, education, socioeconomic status, assessment 
centers, smoking status, physical activity, BMI, total energy intake, 
PRS, the first 10 principal components of ancestry, genotype mea-
surement batches, baseline dyslipidemia, hypertension, and dia-
betes. For dietary scores excluding alcohol in their components 
(i.e., hPDI, DASH, and DRRD), we further adjusted for alcohol con-
sumption in model 2. Test for trend was conducted by modeling the 
median of each dietary score as a continuous variable. We also cal-
culated the association between the per SD increment in each di-
etary score and all-cause mortality.
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Life expectancy among participants with varying dietary scores was 
calculated using the life table method, beginning at age 45 and extend-
ing to 100 years in single-year intervals. Cumulative survival probabili-
ties from age 45 onward were calculated on the basis of the sex- and 
age-specific population mortality rates in the UK (50), the sex-specific 
HRs from the final model of all-cause mortality in exposure groups 
(quintiles 2 to 5 of the five dietary scores) compared to the reference 
group (quintile 1), and the sex- and age-specific prevalence of each ex-
posure groups within categorized 10-year intervals. Years of life gained 
because of a healthier dietary pattern were estimated as the difference in 
life expectancy between each exposure group and the reference group at 
any given age. Detailed methodology regarding the estimation of life 
expectancy and years of life gained is shown in Supplementary Text.

We tested the effect modification of PRS on associations between 
dietary scores and all-cause mortality by including a multiplicative 
interaction term in the fully adjusted model, and the interaction was 
assessed through likelihood ratio tests. Additive interactions be-
tween dietary scores and PRS were conducted using SAS macro 
%GbyE (51). We then performed stratified analyses by PRS tertiles 
(low, intermediate, and high). Furthermore, we examined the joint 
association of dietary scores and genetic risk with all-cause mortal-
ity by defining a combined variable based on dietary score quintiles 
and PRS tertiles (15 groups), with the highest risk combination (the 
lowest dietary score and low PRS) serving as the reference group.

To explore which food group would explain the associations, we 
assessed the relationships between food groups and dietary scores 
using Spearman’s correlation. We then estimated the associations of 
food groups with all-cause mortality using Cox regression, treating 
food groups as continuous variables (per SD increment) and adjust-
ing for covariates mentioned above.

We conducted stratified analyses by potential risk modifiers (age, 
sex, TDI, obesity, smoking, energy intake, and physical activity), with 
potential interactions assessed through likelihood ratio tests. Several 
sensitivity analyses were performed to examine the robustness of our 
results: (i) further adjusting for smoking pack years to account for po-
tential residual confounding effects of smoking; (ii) restricting the 
analysis to never smokers to minimize the smoking-related confound-
ing; (iii) further adjusting for baseline self-reported general health 
(self-rated overall health, weight change compared with 1 year ago, and 
number of medications taken) to limit the confounding effects of over-
all health status; (iv) not including total energy intake in the model to 
avoid the substitution of food groups not included in dietary scores; (v) 
further adjusting for food groups not included in each dietary pattern 
to control the possible confounding by other foods; (vi) using leave-
one-out model to elaborate on the possible substitution involved (52); 
(vii) excluding participants who reported any of the dietary assess-
ments as not typical to increase the diet representation; (viii) only in-
cluding participants with three or more dietary assessments; (ix) 
reevaluating the associations of AHEI and AMED with all-cause mor-
tality after removing alcohol from dietary scores, given the controversy 
over the health effect of moderate alcohol consumption (53); (x) ex-
cluding participants with less than 2 years of follow-up to account for 
the reverse causation caused by the dietary change before death; (xi) 
using the Fine-Gray model to account for competing risks between 
cause-specific mortalities; and (xii) recalculating the life expectancy by 
setting the beginning of the life table at ages 50, 55, and 60.

All statistical analyses were conducted using SAS (version 9.4) 
and R (version 4.3.1). A two-sided P value of less than 0.05 was con-
sidered statistically significant.

Supplementary Materials
This PDF file includes:
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Figs. S1 to S13
Tables S1 to S30
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