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Abstract 

Objectives: The relationship between nut intake and disability-free survival (healthy lifespan) in later life is unclear. The 
objective was to evaluate the association between nut intake and disability-free survival in a cohort of adults aged ≥70 years, 
and whether this varied according to overall diet quality. 
Methods: This prospective cohort study involved 9916 participants from the ASPREE Longitudinal Study of Older Persons. 
Participants completed a 49-item Food Frequency questionnaire from which frequency of nut intake was obtained and 
were asked to categories usual intake as no/infrequent [never/rarely, 1–2 times/month], weekly [1–2 times/week, often 3–6 
times/week] or daily [every day or several times a day]. The outcome measured was a composite of first-event mortality, onset 
of dementia, or persistent physical disability. Cox proportional hazards regression models, adjusted for socio-demographic 
factors, health-related and clinical covariates and overall dietary quality were conducted to examine the association between 
varying levels of nut intake and disability-free survival. 
Results: Over a mean of 3.9 years of follow-up, the risk of reaching the DFS endpoint were 23% lower (HR 0.77 [0.61– 
0.98]) for those who consumed nuts daily, when compared to those with no/infrequent nut consumption. Subgroup analysis 
demonstrated a significant association between daily nut consumption and healthy lifespan among individuals in the second 
dietary quality tertile (HR 0.71[0.51–0.98]). 
Conclusion: For community-dwelling adults aged 70 years and over with sub-optimal diets, daily nut consumption is 
associated with the promotion of healthy lifespan (disability-free survival). 
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Key Points 
• Nuts are a good source of protein, micronutrients unsaturated fats and energy. In adults aged over 70 years, daily nut 

consumption is associated with promotion of a healthy lifespan, and may be most beneficial for those with sub-optimal 
dietary quality. 
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Introduction 
Countries across the world are facing population ageing. [1]. 
Later life ageing is a complex and multifactorial process that 
is associated with increased risk of morbidity [2]. After the 
fourth decade of life there is generally a gradual loss of lean 
muscle mass, bone mass and geometry, and redistribution 
of fat that impact the function and strength of the muscu-
loskeletal system and leads to a higher risk of accidental falls, 
fractures, disability and mortality [3]. Alongside physical 
changes, cognitive decline is also common in older age. 
Age-related increases in oxidative stress, inflammation and 
vascular impairment can lead to neuron death and synapse 
loss, increasing the risk of dementia [4]. Dietary intake is an 
important modifiable risk factor for both physical and cog-
nitive decline, and to reduce the risk of chronic disease [5]. 

Nuts contain a variety of vitamins (folate, niacin, vita-
min E), minerals (selenium, magnesium, calcium, potas-
sium), and are high in fiber, polyphenols, phytosterols, and 
monounsaturated and polyunsaturated fats [6]. Nuts also 
provide a good source of protein, which is essential for 
muscle maintenance in older age [3], pistachios and peanuts 
in particular having a higher amount of free amino acids 
than other plant-based foods [7]. The benefits of this nutri-
tional profile are supported by a growing evidence sug-
gesting that frequent nut consumption reduces the risk of 
cardiometabolic conditions [8, 9], cancer [10, 11], dementia 
[12] and mortality [13]. The energy density and nutrient 
density of nuts makes them a potentially important inclusion 
in the diets of older adults in order to delay age-related 
physical [14] and cognitive decline [15]. 

Nut consumers are often reported to be generally more 
health conscious than their counterparts who do not 
consume nuts, reporting higher overall diet quality scores 
[16, 17], and higher levels of physical activity and health-
promoting behaviors and attitudes [16]. However, recent 
research has also suggested that this relationship may be bi-
directional, with the inclusion of nuts in the diet leading to 
reduced consumption of discretionary foods, and improving 
overall dietary score [18, 19]. 

The current evidence base of observational studies on the 
association between nuts and chronic disease is dominated by 
studies in middle-aged adults [13], while longitudinal studies 
have largely focused on specific disease outcomes, such as 
CVD or cancer [9, 13, 20]. This study examines whether 
nut consumption is associated with a measure of health span, 
(disability-free survival), in adults aged 70 years and over. 

Materials and methods 
Study population 
The present post-hoc analysis used data collected during the 
ASPREE (ASPirin in reducing Events in the Elderly) trial 
and one of its major sub-studies. ASPREE was a double-
blind, placebo-controlled randomized clinical trial that 
investigated the effect of daily intake of 100 mg enteric-
coated aspirin on the extension of healthy life in 19,114 

older adults in Australia and the US [21, 22]. Participants 
were aged 70+ years, except US minority participants who 
were aged 65+ years, and were pre-screened to be free of 
dementia, cardiovascular disease events and major physical 
disabilities [21]. Inclusion and exclusion criteria for ASPREE 
have been previously described [21, 22]. The ASPREE 
Longitudinal Study of Older Persons (ALSOP) was a sub-
study of ASPREE in Australian participants that investigated 
social, behavioral and other factors related to healthy ageing, 
to which over 85% of Australian ASPREE participants 
contributed [23]. The present study uses exposure data 
collected from the ALSOP study, and thus includes on 
Australian participants aged over 70 years. 

Exposure variable: nut consumption 
Nut consumption was assessed at Year 3 of ALSOP as 
part of a self-administered 49-item food frequency ques-
tionnaire (see Appendix 1 in Supplementary Data for the 
Food Frequency Questionnaire) [23], and this timepoint 
is taken as the origin for this analysis. Participants were 
asked ‘how often over the past 12 months did you eat nuts? 
with a frequency scale given ranging from no/infrequent 
consumption [never/rarely” to “once or twice/month], weekly 
consumption [“once or twice/week to “often 3–6 times/week] 
and daily consumption [every day or several times a day]. 
The type and form of nut (i.e. whole or paste, roasted or 
raw) were not distinguished, so the response is interpreted as 
representing total nut intake. 

Assessment/ascertainment of disability-free survival 
The primary outcome was disability-free survival, which is 
a composite measure of survival without dementia or major 
physical disability and was assessed as the first event of death, 
or onset of dementia or persistent loss of one of six basic 
activities of daily living (persistent physical disability) or 
admission to a nursing care facility for a physical disability if 
the Katz ADL questionnaire could not be administered. This 
adjudicated outcome has been explained in detail previously 
[24] Mortality data was obtained from medical records or 
close contact notifications and confirmed with a second 
independent source, such as a primary care provider. Linkage 
to the Australian death registry (National Death Index) was 
also undertaken [21, 22]. The diagnosis of dementia was 
made according to the Diagnostic and Statistical Manual 
(DSM) IV criteria. Physical disability was established when 
a participant self-reported at an annual visit or six monthly 
phone calls, having a major difficulty with or unable to 
perform or needing assistance with at least one of six basic 
activities including bathing, dressing, toileting, transferring 
from chair or bed, walking across a room and feeding, that 
persisted for at least 6 months, as previously described [25]. 

Assessment of other covariates/variables 
Demographic and socio-economic characteristics including 
age, gender (women/men), education level (12 years or less 
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or more than 12 years), smoking status (never/former/cur-
rent), alcohol use (non-consumption, consumption within 
recommended guidelines, or above recommended intake 
(consumption of no more than 10 standard drinks per week, and 
no more than four drinks on any occasion), [26] and area-level 
socioeconomic status (the Index of Relative Socio-economic 
Advantage and Disadvantage (IRSAD) quintiles) [27] were 
included as covariates in this analysis. As habitual physical 
activity data was not available, as a proxy, physical ability was 
assessed by participants’ self-report of being able to walk for 
more than 15 min without needing to rest, in the past two 
weeks. 

An overall dietary quality score was generated from 
dietary information collected in the Year 3 ALSOP medical 
questionnaire, which included the frequency of intake of 
common foods based on key food groups and beverages 
and was scored against the Australian guidelines for healthy 
eating (see Appendix 1 in Supplementary Data for the Food 
Frequency Questionnaire). This score was categorized into 
tertiles. 

Biomedical factors were assessed via a combination of 
clinical and self-reported information at year-3 by the 
ASPREE follow-up questionnaire (hypertension, type 2 
diabetes, frailty and waist circumference) and ALSOP 
medical questionnaire (oral health status). Cardiometabolic 
comorbidities were classified as follows, type 2 diabetes, (self-
reported or taking prescription medication for diabetes or a 
fasting glucose ≥126 mg/dL/≥7 mmo/L), and hypertension 
(systolic blood pressure ≥ 140 mmHg and/or diastolic 
blood pressure ≥ 90 mmHg or taking blood pressure-
lowering medication), and were collected annually [21, 
22]. Frailty was measured via a 67-item frailty index, each 
component of which has been described previously [28]. 
The frailty index was calculated as the cumulative score 
across all deficits divided by the number of deficits included. 
Participants were classified as non-frail ≤0.10), pre-frail 
(<0.10 and ≤ 0.21), or frail (>0.21) [28]. Depression 
symptoms were assessed using the Center for Epidemiologic 
Studies Short Depression Scale (CES-D-10) [29]. A score 
of less than 2 signifies no depressive symptoms, between 
3–7 mild depressive symptoms and 8 or above indicates 
significant depressive symptoms. 

Statistical analysis 
Participant characteristics were presented as counts and per-
centages based on the level of nut consumption. Differences 
in study characteristics between these levels of consumption 
were assessed using Chi-square tests. We performed corre-
lation analyses between the hypothesized correlates of nut 
consumption to examine potential collinearity. The highest 
correlation coefficient reported was between nut consump-
tion and dietary score (r = 0.30). 

Cox proportional hazards regression analysis was used to 
assess the association of nut intake and disability-free sur-
vival. A crude model was performed followed by; a minimally 
adjusted model [age and sex], and the fully adjusted model 

[age, sex IRSAD quintile and education, physical capacity, 
smoking status and alcohol consumption, waist circumfer-
ence, hypertension, type 2 diabetes, depression score, frailty 
status, and self-reported oral health status and dietary quality 
score]. As overall diet quality has been consistently demon-
strated as a moderator in observational nutrition research 
[30], we also performed a sub-group analysis stratified by 
dietary score tertile, to better understand the influence of 
dietary quality on the association between nuts intake and 
DFS. All variables were tested for interaction within the 
model. A sensitivity analysis controlled for total protein 
diversity was performed to assess the influence of total pro-
tein intake (red meat, poultry, dairy, eggs, pulses and fish) 
on the association between nuts and DFS (see Appendix 2 in 
Supplementary Data for sensitivity analysis methodology). 

Statistical significance was set at p-value<0.05 and 95% 
CIs were calculated for all HR’s. Statistical analysis was 
performed using STATA software, version 17.0 (Stata Corp., 
College Station, TX, USA). 

Results 
Nut consumption and baseline characteristics 
The removal of those who accrued the composite endpoint 
prior to the Year 3 assessment of nut intake (n = 112), 
resulted in a study population of 9916 participants 
(Figure 1), consisting of 5352 (54%) women and 4564 
(46%) men, with a mean age of the population of 
77 ± 4.1 years. No interactions were identified within the 
primary model. 

Participants who consumed nuts daily, were more likely 
to be women, to be younger, to have a lower waist circum-
ference, and to reside in higher socioeconomic status areas. 
Additionally, they demonstrated higher physical ability, were 
more likely to have never smoked, to report excellent oral 
health and to be in the highest dietary quality tertile. Those 
who consumed nuts daily were also less likely to be frail or 
have diabetes, but were more likely to exceed the alcohol 
guidelines (Table 1). 

Outcome: Nut consumption and disability-free 
survival 
During the 3.9 years of follow-up, a total of 997 composite 
endpoints were recorded, 536 (63.8%) were reported in 
men and 461 (46.2%) in women (Table 2). In the fully 
adjusted Cox proportional hazards regression model, daily 
nut consumption exhibited a significant association with 
DFS. The risk of reaching the DFS endpoint were 23% lower 
(HR 0.77 [0.61–0.98]) for those who consumed nuts daily 
when compared to those who with no/infrequent consump-
tion (Table 3. Figure 2). Subgroup analysis demonstrated a 
significant association between daily nut consumption and 
healthy lifespan among individuals in the second dietary 
tertile. Daily consumption was associated with a lower risk 
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Figure 1. Participant Flowchart. 

of reaching the DFS endpoint by 29% (HR 0.71[0.51– 
0.98], P =  0.037) compared to those with no/infrequent 
consumption. No significant association was demonstrated 
for daily consumption in the highest or lowest dietary score 
tertiles ( Appendix 2. Table 1 in Supplementary Data 1). The 
significantly lower risk of reaching the disability-free survival 
endpoint associated with daily consumption of nuts was 
maintained in the sensitivity analysis, when additionally con-
trolled for total protein rich food consumption (Appendix 2. 
Table 2 in Supplementary Data). 

Discussion 
In this prospective cohort study of adults aged 70 years 
and over, we found that daily nut consumption was 

associated with healthy lifespan, after adjustment of potential 
confounding factors, which was particularly evident in 
those with lower-than-optimal diet quality. To the best 
of our knowledge, the association between frequent nut 
consumption and healthy lifespan, as a composite of all-
cause mortality, dementia and persistent physical disability, 
has not previously been reported. 

Previous studies have reported inverse association 
between nut consumption and all-cause mortality [11, 31, 
32]. In a recent prospective cohort study of men aged 
≥35 years [31], high, compared to low, nut consumption 
was associated with a 15% lower risk of death (HR 0.85; 
[95% CI: 0.75–0.96]). In a recent meta-analysis of sixteen 
studies spanning middle-aged to older cohorts, high versus 
low intake of nuts was associated with a 19% reduction 
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Table 1. Baseline characteristics of participants according to the frequency of nut intake 

Total 
(N = 9, 916) 

No/Infrequently 
(n = 4803) 48.4% 

Weekly (n = 3978) 
40.1% 

Daily (n = 1135) 
11.5% 

P value 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Gender 0.002 

Female 5352 (54.0) 2538 (52.8) 2149 (54.0) 655 (58.6) 
Male 4564 (46.0) 2265 (47.2) 1829 (46.0) 470 (41.4) 

Age mean (SD) 77.50 (4.8) 77.70 (4.1) 77.30 (4.0) 77.40 (4.1) <0.001 
Age <0.001 

70–74.99 2860 (28.8) 1293 (26.9) 1223 (30.8) 341 (30.0) 
75–79.99 4465 (45.1) 2190 (45.6) 1775 (44.6) 500 (44.1) 
80–84.99 1866 (18.8) 932 (19.4) 731 (18.4) 203 (17.9) 
85+ 725 (7.3) 338 (8.1) 246 (6.2) 91 (8.0) 

IRSAD quintilea <0.001 
1 1572 (15.8) 869 (18.1) 563 (14.1) 140 (12.3) 
2 1640 (16.5) 844 (17.6) 623 (15.7) 173 (15.3) 
3 1831 (18.5) 922 (19.2) 717 (18.0) 192 (16.9) 
4 1943 (19.6) 928 (19.3) 791 (19.9) 224 (19.7) 
5 2903 (29.6) 1240 (25.8) 1284 (32.3) 406 (35.8) 

Education <0.001 
</= 12 years 5817 (58.7) 3109 (64.7) 2153 (54.1) 555 (48.9) 
> 12 years 4099 (41.3) 1694 (35.3) 1825 (45.9) 580 (51.1) 

Physical Activity <0.001 
Waling = <15 min 1418 (14.3) 802(16.7) 502 (12.6) 114 (10.0) 
Walking >15 min 8498 (85.7) 4001 (83.3) 3476 (87.4) 1021 (89.0) 

Smoking <0.001 
Never 5636 (56.8) 2617 (54.5) 2339 (58.8) 680 (59.9) 
Former 3991 (40.3) 2009 (41.8) 1553 (39.0) 429 (37.8) 
Current 289 (2.9) 177 (3.7) 86 (2.2) 26 (2.3) 

Alcohol <0.001 
Non Drinker 2536 (25.6) 1312 (27.3) 916 (23.0) 308 (24.2) 
Meets Guidelines 3895(39.3) 916 (39.4) 1613 (40.6) 402 (35.4) 
Exceeds Guidelines 3485 (35.1) 1611(33.5) 1449 (36.4) 425 (37.4) 
Waist Circ Mean (SD) 96.1 (12.6) 96.9 (12.7) 95.8 (12.5) 93.4 (11.9) <0.001 

Hypertension <0.001 
No 1323 (13.3) 561 (11.7) 563 (14.2) 199 (17.5) 
Yes 8593 (86.7) 4242 (88.3) 3415 (85.8) 936 (82.5) 

Diabetes 0.034 
No 8760 (88.3) 4210 (87.8) 3525 (88.6) 1025 (90.3) 
Yes 1156 (11.7) 593 (12.2) 453 (11.4) 110 (9.7) 

Frailty Score <0.001 
Non frail 5, 162 (52.1) 2280 (44.5) 2202 (55.4) 680 (59.9) 
Pre-Frail 3, 731 (37.6) 1935 (40.3) 1414 (35.6) 382 (33.7) 
Frail 2 1023 (10.3) 588 (12.2) 362 (9.1) 73 (6.4) 

Self-reported oral health <0.001 
Poor 96 (0.9) 63 (1.3) 26 (0.6) 7 (0.6) 
Fair good 4311 (43.5) 2234 (46.5) 1658 (41.7) 419 (36.9) 
V.good excellent 5509 (55.6) 1124 (52.2) 2294 (57.7) 709 (62.5) 

Depressionb 0.021 
None 2873 (29.0) 1380 (28.7) 1161 (29.2) 332 (29.2) 
Mild 5476 (55.2) 2606 (54.3) 2222 (55.9) 648 (57.1) 
Mild to moderate 1567 (15.8) 817 (17.0) 595 (14.9) 155 (13.7) 

Diet Score <0.001 
T1 – Low 379 (3.8) 305 (6.3) 69 (1.7) 5 (0.5) 
T2 – Moderate 6799 (68.6) 3606 (75.1 2648 (66.6) 545 (48.0) 
T3 – High 2738 (27.6) 892 (18.6) 1261 (31.7) 585 (51.5) 

Values given as n(%) except for age, waist circumference (Mean, SD) aIndex of Relative Socio-economic Advantage and Disadvantage, Socioeconomic Index for 
Areas, Australian Bureau of Statistics 2012 [ 25–27] bDepression symptoms assessed using the CESD [28, 29] 

in risk of all-cause mortality (RR 0.81 [95%CI 0.72– 
0.84]) [ 11]. Research in older aged cohorts (65 years of age 
and over) have demonstrated that when compared to rare 
consumption, three or more servings of nuts weekly may 
lower the risk of CVD mortality [8], cancer mortality [20] 

and all-cause mortality [11]. In a study reporting on findings 
in people with diabetes from both the Nurses’ Health Study 
(34-year follow-up) and the Health Professionals Follow-
Up Study (28-year follow-up) five or more servings of 
nuts weekly was associated with a lower risk of CVD and 
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Table 2. Disability free survival endpoint a by nut consumption 

Outcome Outcome 
N = 9, 916 

No/Infrequently 
(n = 4803) 48.4% 

Weekly (n = 3978) 
40.1% 

Daily (n = 1135) 
11.5% 

P value 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DSF <0.001 

No 8919 (89.9) 4255 (89.6) 3615 (90.9) 1049 (92.4) 
Yes 997 (10.1) 548 (11.4) 363 (9.1) 89 (7.6) 

Men 
No 4028 (88.3) 1961 (86.6) 1635 (90.4) 432 (91.9) <0.001 
Yes 536 (11.7) 304 (13.4) 194 (10.6) 38 (8.1) 

Women 
No 4891 (91.4) 2294 (90.4) 1980 (92.1) 617 (92.8) 
Yes 461 (8.6) 244 (9.6) 169 (7.9) 48 (7.2) 

aDisability-free survival composite endpoint reached, representing occurrence of first event of dementia or persistent physical disability or mortality. 

Figure 2. Fully Adjusted Cox Proportional Hazard Ratio Model, HR [95%CI]. 

Table 3. Cox proportional hazards regression analysis of the 
association between nut consumption and risk of composite 
DFS endpoint c 

Crude Model 

Nut Consumption HR [95%CI’s], p-value 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
No/Infrequent Ref 
Weekly 0.79 [0.69–0.91], 0.001 
Daily 0.65 [0.52–0.82]. <0.001 
Minimally Adjusted Multivariate Modela 

No/Infrequent Ref 
Weekly 0.86 [0.75–0.99] 0.026 
Daily 0.68 [0.55–0.90], 0.001 
Fully Adjusted Multivariate Modelb 

No/Infrequent Ref 
Weekly 0.94 [0.82–1.10], 0.383 
Daily 0.77 [0.61–0.98], 0.033 
aMinimally Adjusted Model: Adjusted for Age and Sex bFully Adjusted 
Model: Adjusted for IRSAD, education physical ability, smoking status, 
alcohol consumption, waist circumference hypertension, type 2 diabetes, 
depression (CES-D-10), frailty score, self-reported oral health & diet quality 
score tertile. cDFS = Disability, Dementia or Death 

all-cause mortality by 34% (HR 0.66 [0.52–0.84]) and 31% 
(HR 0.69 [0.61–0.77]), respectively [ 32]. 

In a recent systematic review [15], two out of four papers 
examining a population aged 70 years or over reported the 

potential protective effect of nuts on the cognitive function 
in women [33]. Regular nut consumption was associated 
with a 17% lower risk of cognitive decline (RR = 0.83, [0.75– 
0.91]) among a Chinese elder population who consumed 
nuts frequently [34]. 

Recent observational research has demonstrated that 
long-term reductions in dietary intake and diversity are 
associated with frailty in older adults, especially for women 
[35], and that high protein intake in older age was associated 
with a significantly lower risk of frailty [36]. Nuts are a good 
source of plant protein, and a recent US based longitudinal 
study of older women demonstrated a significant, inverse 
association between frequent (5 or more serves/week) nut 
intake and frailty, compared to infrequent consumption (1 
serve/month) [37]. 

A prospective study from the ENRICA cohort, demon-
strated a significantly lower risk of impaired agility and 
mobility in men (HR 0.59 [0.39–0.90]; HR 0.50 [0.29– 
0.90]), and a lower risk of impaired overall physical function 
in women (HR 0.65 [0.48–0.87]) with higher nut consump-
tion [14]. The relatively high energy and nutrient density 
of nuts may assist older adults in meeting protein intake 
recommendations, which in Australia are 25% higher for 
adults aged over 70 years compared to younger adults, to 
support maintenance of muscle mass [38], although it is 
noted that there are some characteristics of whole nuts which 
may be a barrier to intake in some older adults, especially 
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those with dental issues [39]. The results of our sensitivity 
analysis suggest that nutritional components beyond protein 
may also be beneficial to the extension of healthy lifespan. 

A key feature of the disability-free survival outcome used 
in our study is that it represents a functional measure of 
relevance to maintaining a healthy independent life in older 
age. Nut intake has been consistently associated with a lower 
risk of CVD [8, 40, 41] cognitive decline [15, 33, 34] 
and mortality [8]. The nutritional profile of nuts may pro-
vide insights into the shared pathways responsible for these 
findings. Nuts are a source of polyunsaturated fatty acids, 
which have been observed to elicit cardio-protective effects, 
improving endothelial function [42], and reducing inflam-
mation and oxidative stress via promotion of nitric oxide 
(NO) synthesis. [43] This anti-inflammatory pathway is also 
supported by the amino acid L-arginine, a precursor to NO, 
of which nuts are an important source. [42] Unsaturated 
fatty acids are essential for neuronal membrane integrity [44] 
and higher hippocampal NO as a result of L-arginine intake, 
is associated with a lower risk of Alzheimer’s [45]. Phyto-
chemicals present in nuts, such as a-tocopherols are potent 
anti-oxidants and have been demonstrated to reduce lipopro-
tein oxidation and reduce atherosclerosis severity [42]. Nuts 
are also a good source of soluble and insoluble dietary fiber. 
[46] Insoluble fiber has pre-biotic effects, enhancing butyrate 
production in the gut, which may have numerous health-
promoting effects, from increased satiety to glucose regu-
lation [47]. Soluble fiber improves bile secretion and may 
be one of the mechanisms responsible for the cholesterol-
lowering effect of nut consumption [47]. 

Anticipating the association between dietary quality and 
nut consumption, demonstrated in previous research [15– 
19], in this analysis we treated diet quality as a modera-
tor, performing sub-group analysis stratified by tertiles of 
dietary quality score. The results indicated that the significant 
association between daily nut consumption is moderated by 
both high (T3) and low (T1) overall dietary quality, but 
was maintained for daily nut consumers within the middle 
tertile of dietary quality (T2), suggesting that the addition 
of nuts can improve healthy lifespan in diets where the 
daily intake of other health-promoting foods is moderate. 
This result aligns with an emerging body of research from 
across the lifespan, that demonstrates the inclusion of daily 
nuts improves overall nutritional status, health outcomes and 
nutritional status in diets that are of a moderate quality [17, 
48, 49]. 

The question arises as to whether the association between 
nut consumption and disability survival described here is 
causal. Those eating any nuts on a regular basis showed strik-
ingly better lifestyle, demographic and physical than those 
eating nuts never or rarely. Although we have attempted 
to correct for a range of confounders it is likely that these 
effects were underestimated, and/or that other effects were 
undetected. There is still a possibility that nut intake is 
associated with increased disability free survival because 
it is a marker of longstanding lifestyle and demographic 
factors promoting healthy longevity. This does not exclude 

some contribution of frequent nut intake on health, and the 
potential benefits of including nut consumption along-
side other clinical recommendations to lower chronic 
diseases risk. 

The major strengths of this study include the large sample 
size of the cohort and minimal loss to follow-up of the 
cohort. The ascertainment of death was confirmed in two 
steps which minimized measurement bias. Subgroup analysis 
provides an indication of the moderating effect of overall 
diet quality on the association, and reducing the likelihood 
that our results are confounded by the influence of overall 
dietary quality. A limitation is that nut consumption was 
self-reported, increasing the risk for recall bias. Furthermore, 
nut intake was not differentiated to nut type and the quan-
tity of nut intake was not captured by the questionnaire. 
While the current body of research identifies that nuts have 
differing nutritional compositions [41], meta-analyses of 
observational studies on the association of nut intake and 
health outcomes [8, 15] report that heterogeneity within the 
evidence base limits our understanding of the influence of 
different types of nuts [8, 15]. The study population is a 
cohort of older Australians who were independently living 
and free of chronic disabling disease when they enrolled in 
the ASPREE clinical trial. As previously reported [23], this 
cohort had less ethnic diversity than the population from 
which they were drawn, and results may not be generalizable 
to the wider older adult population. While the opportu-
nity to explore genetic factors influencing the relationship 
between dietary protein and health outcomes represents an 
important avenue for future research [50], it is acknowledged 
that much of the underpinning evidence from genome-
wide association studies is derived from those of European 
ancestry. 

Conclusion 
In conclusion, the findings of our study suggest that daily nut 
consumption is associated with an improved healthy lifespan 
in older adults, including in those whose diet quality may not 
be optimal. 
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