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Abstract
Background  Although nuts are a well-known healthy food group, the relationship between nut consumption 
and mortality remains unclear, particularly among Asians. This prospective cohort study examined the association 
between nut consumption and the risk of all-cause, cardiovascular disease (CVD), and cancer mortality in Korean 
adults.

Methods  Data from two cohorts (the Ansan-Ansung and Health-Examinees) from the Korean Genome and 
Epidemiology Study were used. A total of 114,140 individuals aged 40–79 years were included in the data analyses. 
Nut consumption was assessed using a validated semi-quantitative food frequency questionnaire and categorized 
into four groups: non-consumers, less than 1 serving/week, 1–2 servings/week, and 2 or more servings/week (one 
serving was 15 g of nuts). Mortality outcomes were determined based on the 2001–2021 death records from Statistics 
Korea. Cox proportional hazard regression analysis was used to calculate hazard ratios (HRs) and 95% confidence 
intervals (CIs) for mortality across nut consumption categories. A stratified subgroup analysis by health-related 
variables was also performed.

Results  During a mean follow-up of 12.3 years, 4,559 deaths were recorded. After adjusting for covariates, the HR for 
all-cause mortality was 0.877 (95% CI = 0.772–0.996, p for trend = 0.006) in individuals with a nut consumption of 2 
or more servings/week compared with that in non-consumers. Multivariable HRs for CVD mortality were 0.800 (95% 
CI = 0.681–0.939) in individuals consuming less than 1 serving/week, 0.656 (95% CI = 0.469–0.918) in those consuming 
1–2 servings/week, and 1.009 (95% CI = 0.756–1.347) in those consuming 2 or more servings/week compared with 
that in non-consumers (p for trend = 0.080). No association was observed between nut consumption and cancer 
mortality. Stratified analysis identified significant interactions in the association between nut consumption and all-
cause mortality by age, body mass index, and physical activity.

Conclusions  Nut consumption was linearly associated with the reduced risk of all-cause mortality and showed a 
non-linear dose-response relationship with CVD mortality in Koreans, but had no association with cancer mortality. 
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Background
Noncommunicable diseases (NCDs) are the leading 
cause of death worldwide, with cardiovascular disease 
(CVD) and cancer, in particular, posing a significant 
public health burden [1]. NCDs are increasingly likely to 
occur because of lifestyle changes, and unhealthy diets 
play a particularly important role in their development 
[2]. Dietary regimens widely recommended for the pre-
vention and management of NCDs include the Dietary 
Approaches to Stop Hypertension and Mediterranean 
diet patterns [3]. These healthy dietary regimens have 
nuts in common, as one of the key food components, 
since nuts are a good source of monounsaturated and 
polyunsaturated fatty acids, dietary fiber, carotenoids, 
vitamin E, vitamin K, and minerals such as magnesium, 
copper, potassium, and selenium [4–6].

Nuts are well known to offer protective benefits against 
CVD and its risk factors, such as obesity [7], hyperten-
sion [8], and type 2 diabetes [9]. However, the results 
regarding their effect on cancer remain inconsistent. 
Similar discrepancies are also observed in studies related 
to mortality. Most studies have shown a significant effect 
on reducing CVD mortality associated with nut con-
sumption [10, 11], while the evidence on cancer mortal-
ity reduction is controversial [12, 13]. In addition, most 
of the studies included in the meta-analysis regarding the 
long-term health benefits of nut consumption were con-
ducted in Western populations. Although Asian adults 
have considerably different dietary practices, includ-
ing nut consumption patterns, compared with adults in 
Western countries [10–13], relatively few studies have 
been conducted in Asian regions to explore the associa-
tion between nut consumption and mortality. Therefore, 
additional research is necessary to clarify the overall link 
between nut consumption and all-cause and cause-spe-
cific mortality, particularly among Asians.

Recent studies conducted in Asian populations on nut 
intake and mortality have reported findings that dif-
fer from those in Western populations. These studies 
also investigated stratified associations by sociodemo-
graphic and lifestyle factors, such as sex, age, body mass 
index (BMI), and physical activity, as nut consumption is 
closely linked to these factors [14, 15]. A Japanese study 
found that increased total nut intake was associated with 
lower all-cause mortality in men, but not in women [16]. 
In contrast, a higher peanut intake was inversely associ-
ated with CVD mortality only in women, with no sig-
nificant association in men [16]. A Chinese study showed 

that for participants engaging in normal activities, nut 
consumption was not related to mortality (hazard ratio 
[HR] = 0.923; 95% confidence interval [CI] = 0.841–1.013), 
whereas for participants with impaired activities of daily 
living, nut intake was significantly associated with a 
decrease in mortality (HR = 0.884; 95% CI = 0.839–0.931) 
[17].

Investigating the role of nut consumption in the risk 
of mortality among Asians, particularly in relation to 
mortality by specific subgroups, is necessary to under-
stand the association of nut intake with mortality and 
to improve the long-term health status of individuals. 
Therefore, the aims of this study were to explore the asso-
ciation of nut consumption with all-cause, CVD, and 
cancer mortality, and to examine the association between 
nut consumption and all-cause mortality stratified by 
health-related variables using data from Korean prospec-
tive cohort studies.

Methods
Data and study participants
The Korean Genome and Epidemiology Study (KoGES), 
which includes the Ansan-Ansung and Health Examinees 
(HEXA) cohort studies, is a large-scale population-based 
prospective study conducted in Korea by the National 
Institute of Health, Korea Disease Control and Preven-
tion Agency, aimed at investigating the risk factors of 
NCDs among Koreans. The baseline investigations for 
the Ansan-Ansung cohort were conducted between 2001 
and 2002 and focused on residents in small to medium-
sized cities, examining lifestyle, dietary, and environmen-
tal impacts on chronic diseases. The baseline study for 
the Ansan-Ansung cohort included 10,030 participants 
aged 40–69 years. The HEXA cohort involved medical 
institutions, public health centers, and healthcare facili-
ties across large and smaller cities, emphasizing the iden-
tification of both environmental and genetic risk factors 
for prevalent chronic diseases in diverse urban settings. 
The baseline study for the HEXA cohort was conducted 
between 2004 and 2013, and included 173,195 partici-
pants aged 40–79 years. The design and protocol of the 
KoGES are described in the literature and on the KoGES 
website [18].

Among the eligible individuals from the two cohort 
studies (n = 183,225), participants were excluded based 
on the following criteria: no linkage to death data 
(n = 45,113); absence of dietary data (n = 1,756); implau-
sible energy intake (< 800 or ≥ 4,000  kcal/day for men, 

The effects of nut consumption, which have been inadequately investigated in this population, varied across different 
subgroups. These findings suggest that incorporating nuts into the diet should be encouraged for long-term health of 
Korean adults.
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and < 500 or ≥ 3,500 kcal/day for women) (n = 1,996) [19]; 
lack of data on household income (n = 11,502), education 
(n = 400), alcohol drinking (n = 220), smoking (n = 174), 
physical activity (n = 93), and BMI (n = 115); and his-
tory of cancer diagnosis that could affect dietary habits 
(n = 7,716). Finally, 114,140 participants were included 
in the data analysis (Fig.  1). Before the commencement 
of the study, all participants voluntarily signed con-
sent forms and the study received exemption approval 
from the Hannam University Institutional Review Board 
(approval number: 2023-E-01-09-0625).

Assessment of nut consumption
Dietary data obtained from a food frequency question-
naire (FFQ) were used to assess nut consumption. The 
reliability and validity of the FFQ used in the KoGES have 
been previously reported [20, 21]. The Ansan-Ansung 
cohort study used a 103-item FFQ and the HEXA cohort 
study used a 106-item FFQ at baseline. These FFQs were 
conducted through interviews with trained investigators. 
Both FFQs included the same question asking partici-
pants how often they had consumed peanuts, almonds, 
and pine nuts over the past year. The responses to this 
question comprised nine frequency options (rarely, 1 
time/month, 2–3 times/month, 1–2 times/week, 3–4 
times/week, 5–6 times/week, 1 time/day, 2 times/day, 
and 3 times/day), with three average serving sizes (0.5, 1, 
and 1.5 servings) representing the amount of nuts con-
sumed by a participant. Peanuts, almonds, and pine nuts 
were included in the food list of FFQ as they were com-
monly consumed nuts in Koreans and the serving size 
of nuts was set in the FFQ (15  g) based on the median 
value of nut consumption determined from dietary data 
of the national nutrition survey [20, 21]. The daily intake 
of nuts for each participant was calculated by convert-
ing the reported frequency of consumption into a weekly 
intake based on one serving and multiplying it by the 
selected average serving size. Based on these responses, 
nut consumption was categorized into non-consump-
tion, less than 1 serving/week, 1–2 servings/week, and 
2 or more servings/week, considering the distribution of 
participants in each category of consumption frequency. 
Energy and nutrient intakes, calculated using dietary data 
obtained from the FFQs, were used in this study. The per-
centage of energy from macronutrients was calculated 
for carbohydrate, protein, and fat intakes.

Determination of mortality outcomes
To determine mortality outcomes, including all-cause 
and cause-specific mortality, this study analyzed the 
KoGES-linked National Death Index database provided 
by Statistics Korea. Participant deaths were monitored 
from the initial baseline survey to December 2021. The 
underlying causes of death were classified according to 

the Korean Standard Classification of Diseases, 7th edi-
tion, which is based on the 10th revision of the Interna-
tional Classification of Diseases. Deaths were classified 
as all-cause (A00-Z99), CVD (I00-I99), or cancer deaths 
(C00-D48) [22].

Measurement of covariates
This study considered potential confounding variables, 
including age, sex, BMI, household income, education, 
alcohol drinking, smoking, physical activity, and his-
tory of disease, as covariates. Covariates were assessed 
using self-administered questionnaires in the baseline 
examination of KoGES. BMI was calculated as measured 
weight divided by measured height squared (kg/m2) and 
classified according to the guidelines of the Korean Soci-
ety for the Study of Obesity as follows: non-overweight/
obese (< 23 kg/m2), overweight (23–25 kg/m2), and obese 
(≥ 25  kg/m2) [23]. Physical activity was categorized into 
“yes” (regularly exercised for ≥ 30 min once a day) or “no”. 
Information on the participants’ history of diseases was 
obtained from both participants’ self-reported data and 
objective indicators provided by the health examinations. 
Previous diagnosis by a doctor or current use of medica-
tion or treatment of diabetes, CVD, hypertension, and 
metabolic syndrome were based on the self-reported 
data. The history criteria for diabetes included at least 
one of the following four criteria: a diagnosis of diabe-
tes by a doctor, current consumption of anti-diabetic 
medication, a fasting plasma glucose ≥ 126  mg/dL, or a 
HbA1C ≥ 6.5% [24]. The history criteria for CVD included 
a diagnosis of or undergoing current treatment for condi-
tions including myocardial infarction, congestive heart 
failure, coronary artery disease, peripheral vascular dis-
ease, cerebrovascular disease, stroke, transient ischemic 
attacks, or angina [25]. The history of hypertension was 
defined as a systolic blood pressure of ≥ 140 mmHg or 
a diastolic blood pressure of ≥ 90 mmHg, a diagnosis of 
hypertension, or currently under treatment for hyperten-
sion [26]. Metabolic syndrome was determined by the 
presence of three or more of the following conditions: 
abdominal obesity (waist circumference ≥ 90  cm in men 
and ≥ 85 cm in women), low HDL-cholesterol (< 40 mg/
dL in men and < 50 mg/dL in women or medication use), 
elevated triglycerides (≥ 150  mg/dL or medication use), 
elevated blood pressure (systolic blood pressure ≥ 130 
mmHg or diastolic blood pressure ≥ 85 mmHg or medica-
tion use), and elevated fasting blood glucose (≥ 100 mg/
dL or medication use) [27, 28].

Statistical analyses
All statistical analyses were conducted using SPSS ver-
sion 25.0 (Armonk, NY: IBM Corp). A cumulative hazard 
graph was employed to estimate the cumulative mortality 
risk of all-cause, CVD, and cancer mortality across nut 
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Fig. 1  Flowchart of participant selection
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consumption. Categorical and continuous variables for 
the general characteristics of participants according to 
nut consumption were compared using the chi-squared 
test (χ2 test) and analysis of variance (ANOVA). Energy 
and nutrient intake according to nut consumption is 
presented as means and standard errors after adjust-
ing for energy, except for the percentage of energy from 
macronutrients, and differences were compared using 
a generalized linear regression model. A multivariable 
Cox proportional hazard regression analysis was per-
formed to determine the HRs and 95% CIs for mortality 
according to nut consumption. To assess the associa-
tion between nut consumption and mortality, this study 
applied four models adjusted for different potential con-
founders. Model 1 was unadjusted. Model 2 was adjusted 
for sex, age (continuous), and BMI (continuous). Model 
3 was further adjusted for household income, education, 
alcohol drinking, smoking, physical activity, and energy 
intake (continuous). Model 4 was additionally adjusted 
for a history of disease. Stratified sub-analyses of the 
association between nut consumption and all-cause mor-
tality were performed according to age group, sex, BMI, 
alcohol drinking, smoking, physical activity, and history 
of diseases. For stratified analysis, age group was catego-
rized into ‘under 60’ and ‘60 or older’. Alcohol drinking 
and smoking status were categorized into ‘ever’ (combin-
ing past and current) and ‘never’. The history of disease 
was classified as ‘yes’ if diabetes, CVD, hypertension, or 
metabolic syndrome was present. HRs, 95% CIs, and p 
for interaction for all-cause mortality in the comparison 
with the highest frequency of nut consumption by a strat-
ified covariate are presented. Statistical significance was 
defined as a two-sided p-value of less than 0.05.

Results
Cumulative hazard graph
A cumulative hazard graph was used to estimate the 
cumulative incidence risks of all-cause, CVD, and cancer 
mortality across the different nut consumption groups 
(Fig.  2). The 20-year cumulative incidence risks of all-
cause, CVD, and cancer mortality were higher among 
non-consumers than among nut consumers. Based on the 
log-rank test results, there were significant differences in 
the cumulative hazard graphs for all-cause (p < 0.001) and 
CVD mortality (p = 0.004), whereas the difference was 
not significant for cancer mortality (p = 0.649).

Baseline characteristics according to nut consumption
The baseline characteristics of the participants according 
to nut consumption are presented in Table 1. The average 
age of the participants was 52.8 years, with 38.2% men 
and 61.8% women. As nut consumption increased, the 
prevalence of obesity decreased, and household income 
and education levels increased (p < 0.001). In addition, 
the rates of current alcohol drinking and smoking were 
lower, and the percentage of participants who engaged in 
physical activity was higher (p < 0.001). Individuals who 
did not consume nuts had a higher prevalence of hyper-
tension and metabolic syndrome (p < 0.001) compared to 
those who frequently consumed nuts, whereas no signifi-
cant differences were observed in the prevalence of dia-
betes or CVD according to nut consumption.

Energy and nutrient intake according to nut consumption
Energy and nutrient intake according to nut consump-
tion are shown in Table 2. With an increase in nut con-
sumption, there was a significant increase in energy 
intake (p for trend < 0.001). The intake of all nutrients 
listed, including carbohydrate, protein, fat, dietary 
fiber,  vitamins A, B1, B2, C, E,  calcium, phosphorus, 
iron, potassium, and sodium significantly increased with 

Fig. 2  Cumulative hazard graph of mortality associated with nut consumption. Cumulative hazard incidences of all-cause mortality (A), cardiovascular 
disease mortality (B), and cancer mortality (C)
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nut consumption after adjusting for energy intake (p for 
trends < 0.001). As nut consumption increased to 2 or 
more servings/week, the energy contribution from car-
bohydrate decreased, while the energy contribution from 
protein and fat increased (p for trends < 0.001).

Association between nut consumption and mortality
Table 3 shows the HRs and 95% CIs for all-cause, CVD, 
and cancer mortality according to nut consumption. A 
total of 4,559 deaths occurred during an average 12.28 
years of follow-up. After fully adjusting for potential 
covariates (Model 4), an inverse association was observed 
between the highest nut consumption (2 or more serv-
ings/week) and the risk of all-cause mortality (HR = 0.877; 
95% CI = 0.772–0.996; p for trend = 0.006). In the fully 
adjusted model (Model 4), nut consumption of less than 
1 serving/week and 1–2 servings/week were significantly 
associated with lower CVD mortality (HR = 0.800; 95% 
CI = 0.681–0.939, and HR = 0.656; 95% CI = 0.469–0.918, 
respectively), considering that non-consumers were 
the reference (p for trend = 0.080). Although Model 2 
showed a significantly decreasing trend in the associa-
tion between nut consumption and cancer mortality, no 
significant association was observed between nut con-
sumption and cancer mortality after fully adjusting for 
covariates.

Association between nut consumption and all-cause 
mortality stratified by covariates
Nut consumption was found to have a significant inverse 
relationship with all-cause mortality in Table  3, further 
analyses stratified by covariates were conducted to deter-
mine the association between nut consumption and all-
cause mortality according to health-related variables 
(Fig. 3). Significant differences in the association between 
nut consumption and all-cause mortality were observed 
according to age group, BMI status, and physical activity 
level. There was a significant interaction by age group in 
the association between nut consumption and all-cause 
mortality p. HR for all-cause mortality in the highest nut 
consumption group was lower among individuals ≥ 60 
years than that among individuals < 60 years (HR = 0.867; 
95% CI = 0.731–1.028; p for interaction = 0.027). When 
comparing the HR for all-cause mortality in the highest 
nut consumption group by BMI status, individuals with 
a BMI of 23–25 kg/m2 had a lower HR than individuals 
with BMI < 23 kg/m2 or BMI ≥ 25 kg/m2 (HR = 0.626; 95% 
CI = 0.475–0.826; p for interaction = 0.015). For nut con-
sumption of 2 or more servings per week, individuals 
who reported no physical activity exhibited a lower risk 
of all-cause mortality than that in those who regularly 
engaged physical activity (HR = 0.750; 95% CI = 0.601–
0.936; p for interaction = 0.008).

Table 2  Energy and nutrient intake according to nut consumption
Nut consumption Total p-value p for trend

Non-consumption < 1 serving/week 1–2 servings/week ≥ 2 servings/week
Energy (kcal/day) 1,675.1 ± 2.15 1,756.1 ± 2.29 1,898.5 ± 5.17 1,959.1 ± 5.64 1,750.1 ± 1.48 < 0.001 < 0.001
Carbohydrate (g/day) 301.5 ± 0.37 312.3 ± 0.39 328.2 ± 0.87 332.2 ± 0.95 310.6 ± 0.25 < 0.001 < 0.001
Protein (g/day) 55.6 ± 0.10 59.4 ± 0.10 67.3 ± 0.23 70.9 ± 0.26 59.4 ± 0.07 < 0.001 < 0.001
Fat (g/day) 25.2 ± 0.07 27.9 ± 0.07 33.8 ± 0.16 38.0 ± 0.18 28.1 ± 0.05 < 0.001 < 0.001
Dietary fiber (g/day) 5.39 ± 0.01 5.67 ± 0.01 6.46 ± 0.03 7.22 ± 0.03 5.75 ± 0.01 < 0.001 < 0.001
Vitamin A (RE/day) 437.8 ± 1.43 477.08 ± 1.49 562.03 ± 3.34 620.0 ± 3.89 479.4 ± 0.98 < 0.001 < 0.001
Vitamin B1 (mg/day) 0.96 ± 0.00 1.01 ± 0.00 1.12 ± 0.00 1.17 ± 0.00 1.01 ± 0.00 < 0.001 < 0.001
Vitamin B2 (mg/day) 0.84 ± 0.00 0.90 ± 0.00 1.04 ± 0.00 1.12 ± 0.00 0.90 ± 0.00 < 0.001 < 0.001
Vitamin C (mg/day) 97.0 ± 0.29 105.1 ± 0.30 121.3 ± 0.66 134.3 ± 0.75 105.4 ± 0.20 < 0.001 < 0.001
Vitamin E (mg/day) 7.17 ± 0.02 8.05 ± 0.02 9.68 ± 0.04 11.3 ± 0.05 8.08 ± 0.01 < 0.001 < 0.001
Calcium (mg/day) 399.0 ± 1.01 437.2 ± 1.09 515.9 ± 2.40 589.3 ± 2.83 440.2 ± 0.71 < 0.001 < 0.001
Phosphorus (mg/day) 837.3 ± 1.37 888.6 ± 1.46 1,006.5 ± 3.24 1,087.0 ± 3.67 893.1 ± 0.95 < 0.001 < 0.001
Iron (mg/day) 9.13 ± 0.02 9.96 ± 0.02 11.53 ± 0.05 12.6 ± 0.05 9.96 ± 0.01 < 0.001 < 0.001
Potassium (mg/day) 2,074.8 ± 4.15 2,221.3 ± 4.43 2,548.0 ± 9.57 2,808.6 ± 11.05 2,235.3 ± 2.88 < 0.001 < 0.001
Sodium (mg/day) 2,453.3 ± 6.23 2,468.6 ± 6.38 2,724.3 ± 13.39 2,807.9 ± 14.45 2,512.7 ± 4.08 < 0.001 < 0.001
Percentage of energy from macronutrient
Carbohydrate (%kcal) 73.4 ± 0.03 72.3 ± 0.03 70.0 ± 0.07 68.3 ± 0.07 72.3 ± 0.02 < 0.001 < 0.001
Protein (%kcal) 13.3 ± 0.01 13.6 ± 0.01 14.2 ± 0.02 14.5 ± 0.02 13.6 ± 0.01 < 0.001 < 0.001
Fat (%kcal) 13.3 ± 0.02 14.1 ± 0.02 15.8 ± 0.05 17.3 ± 0.05 14.1 ± 0.02 < 0.001 < 0.001
One serving of nuts is 15 g. Values are presented as means ± standard errors. p-values were calculated using the analysis of variance. p for trends were calculated 
using a generalized linear regression model after adjustment for energy intake, except for energy and the percentage of energy from macronutrients
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Discussion
This study investigated the association between nut 
consumption and all-cause and cause-specific mortal-
ity using data from two large Korean prospective cohort 
studies. The results showed that individuals who con-
sumed more than 2 servings/week of nuts had a 12% 
lower risk of all-cause mortality than those who did not. 
Furthermore, for CVD mortality, individuals consuming 
1–2 servings per week had a 34% lower risk than non-
consumers after full adjustment for covariates. However, 
no significant association was observed between nut con-
sumption and cancer mortality. Stratified analysis iden-
tified significant interactions in the association between 
nut consumption and all-cause mortality by age, BMI, 
and physical activity.

Consistent with previous meta-analyses, this study 
showed that a higher weekly consumption of nuts was 
associated with a reduction in the risk of all-cause mor-
tality. According to an umbrella review, an intake of 28 g/
day of nuts compared with not consuming nuts was 
associated with a 22% risk reduction of all-cause mor-
tality (relative risk  [RR] = 0.78; 95% CI = 0.72–0.84) [29]. 
Aune et al. suggested that an increased intake of nuts to 
20  g/day or more could have averted 4.4  million deaths 

in North and South America, Europe, Southeast Asia, 
and the Western Pacific [30]. In addition, the Prospec-
tive Urban and Rural Epidemiology (PURE) study found 
that higher nut intake (> 120  g/week vs. <  30  g/month) 
was associated with a lower risk of all-cause mortality 
(HR = 0.77; 95% CI = 0.69–0.87; p for trend < 0.0001) [31]. 
Although nut consumption in Asian populations is much 
lower than that in Western countries [32–34], frequent 
nut consumption has been consistently associated with 
all-cause mortality in Asian countries [35, 36].

Nut consumption is associated with improvements in 
markers related to CVD, such as triglycerides [37–39], 
total cholesterol [37–39], HDL-cholesterol [40], LDL-
cholesterol [37–39], and blood pressure [39, 40]. More-
over, protective effects of nuts against the development 
of CVD have also been observed. According to the pool-
ing analysis of three large US prospective cohort stud-
ies, individuals with a higher total nut consumption 
(≥ 0.5 servings/day) had a lower risk of CVD incidence 
(RR = 0.75; 95% CI = 0.67–0.84) that that non-consumers 
over a 4-year interval [41]. An umbrella review found 
that consuming 28  g of nuts daily, compared with not 
consuming nuts, was linked to a 21% reduction in CVD 
incidence (RR = 0.79; 95% CI = 0.70–0.89) [29]. The 
current study showed that the risk of CVD mortality 

Table 3  Risks of all-cause, cardiovascular disease, and cancer mortality according to nut consumption
Nut consumption Total p for trend

Non-consumption < 1 serving/week 1–2 servings/week ≥ 2 servings/week
Person-time (years), sum 632,384.80 543,684.00 113,715.20 111,312.70 1,401,096.70
Person-time (years), mean ± SD 12.66 ± 2.87 12.17 ± 2.52 11.64 ± 2.52 11.43 ± 2.28 12.28 ± 2.69
All-cause mortality
  Events 2,402 1,576 304 277 4,559
  Incidence per 1,000 person-years 3.80 2.90 2.67 2.49 3.25
  Model 1 1.000 (Ref ) 0.810 (0.760–0.863) 0.773 (0.686–0.872) 0.743 (0.655–0.841) < 0.001
  Model 2 1.000 (Ref ) 0.853 (0.800–0.909) 0.800 (0.710–0.902) 0.735 (0.649–0.833) < 0.001
  Model 3 1.000 (Ref ) 0.928 (0.870–0.990) 0.912 (0.808–1.029) 0.882 (0.776–1.002) 0.008
  Model 4 1.000 (Ref ) 0.927 (0.869–0.989) 0.908 (0.805–1.026) 0.877 (0.772–0.996) 0.006
Cardiovascular disease mortality
  Events 449 239 38 55 781
  Incidence per 1,000 person-years 0.71 0.44 0.33 0.49 0.56
  Model 1 1.000 (Ref ) 0.667 (0.570–0.780) 0.525 (0.377–0.732) 0.807 (0.609–1.069) < 0.001
  Model 2 1.000 (Ref ) 0.717 (0.612–0.840) 0.554 (0.397–0.772) 0.801 (0.605–1.062) < 0.001
  Model 3 1.000 (Ref ) 0.798 (0.680–0.937) 0.655 (0.468–0.916) 1.010 (0.757–1.348) 0.078
  Model 4 1.000 (Ref ) 0.800 (0.681–0.939) 0.656 (0.469–0.918) 1.009 (0.756–1.347) 0.080
Cancer mortality
  Events 1,028 763 163 138 2,092
  Incidence per 1,000 person-years 1.63 1.40 1.43 1.24 1.49
  Model 1 1.000 (Ref ) 0.900 (0.819–0.988) 0.945 (0.801–1.115) 0.835 (0.699–0.998) 0.023
  Model 2 1.000 (Ref ) 0.942 (0.857–1.035) 0.972 (0.823–1.147) 0.827 (0.692–0.988) 0.046
  Model 3 1.000 (Ref ) 1.000 (0.909–1.100) 1.057 (0.894–1.251) 0.931 (0.776–1.118) 0.768
  Model 4 1.000 (Ref ) 0.997 (0.906–1.097) 1.052 (0.889–1.245) 0.931 (0.775–1.117) 0.710
One serving of nuts is 15 g. Values are presented as hazard ratios (95% confidence intervals) obtained from Cox proportional hazard regression analysis. Model 1: 
unadjusted; Model 2: adjusted for sex, age, and body mass index; Model 3: adjusted for Model 2 + household income (< 2 million won, 2–4 million won, ≥ 4 million 
won), education (≤ middle school, ≤ high school, ≥ college), alcohol drinking (never, past, or current drinker), smoking (never, past, or current smoker), physical 
activity (no or yes), and energy intake; Model 4: adjusted for Model 3 + history of diabetes, cardiovascular disease, hypertension, or metabolic syndrome
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Fig. 3  The risk of all-cause mortality in the highest frequency of nut consumption stratified by covariates. Hazard ratio (HR) and 95% confidence interval 
(CI) for all-cause mortality and p for interaction were determined using Cox proportional hazard regression analysis after adjustment for sex, age, BMI, 
household income (< 2 million won, 2–4 million won, ≥ 4 million won), education (≤ middle school, ≤ high school, ≥ college), alcohol drinking (never, past, 
or current drinker), smoking (never, past, or current smoker), physical activity (no or yes), energy intake, and history of diabetes, cardiovascular disease, 
hypertension, or metabolic syndrome. The dots show HRs and the line ranges show 95% CIs. BMI, body mass index
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decreased up to 1–2 servings/week of nut consumption, 
but there was no significant association observed at ≥ 2 
servings/week. Although this study did not show a sig-
nificant trend, consistent with previous research, fre-
quent nut consumption was significantly associated with 
a decreased risk of CVD mortality. As heart and cere-
brovascular diseases are the second and fourth leading 
causes of death in Korea, respectively, the findings of this 
study imply that frequent nut consumption in the daily 
diet of Koreans may be an effective strategy for CVD pre-
vention and management.

The inverse association among nut consumption, all-
cause mortality, and CVD mortality in this study may be 
explained by the fact that nuts are rich in polyunsaturated 
fatty acids, dietary fiber, and antioxidants. Polyunsatu-
rated fatty acids have been shown to reduce triglycerides 
level, thereby reducing risk factors associated with CVD 
[42]. Dietary fiber increases bile excretion rates, thereby 
reducing serum total and LDL-cholesterol levels. Both 
soluble and insoluble dietary fibers can induce satiety and 
decrease energy intake, leading to weight control [43]. 
Furthermore, dietary fiber influences the gut microbiota; 
the fermentation of dietary fiber by these microbiota 
generates short-chain fatty acids as byproducts, which 
can lower blood pressure [44]. Antioxidants contained 
in nuts are known to reduce chronic inflammation and 
lower the risk of related diseases, thus aiding in the pre-
vention and management of CVD [7, 31].

However, this study did not observe a relationship 
between nut consumption and cancer mortality, which 
is inconsistent with previous meta-analyses. Accord-
ing to an umbrella review, a nut intake of 28  g/day 
compared with not eating nuts was associated with an 
11% risk reduction in cancer deaths (RR = 0.89; 95% 
CI = 0.83–0.94) [29]. According to the review, clinical tri-
als assessing the impact of nut consumption on inflam-
matory outcomes reported changes in C-reactive protein, 
interleukins, tumor necrosis factor-alpha, cell adhesion 
molecules, and antioxidant defense system [29]. Simi-
lar to the current study findings, three large prospective 
cohort studies in the US reported no significant asso-
ciation between nut consumption and total cancer inci-
dence [13]. These inconsistent findings cannot be fully 
explained. One possible explanation is that nut intake 
is differently associated with specific types of cancer. 
According to a systematic review, nut intake was associ-
ated with a decreased risk of developing colorectal, endo-
metrial, and pancreatic cancers; however, no significant 
association was found with upper aerodigestive tract 
cancer, breast cancer, gastric cancer, hepatocellular carci-
noma, ovarian cancer, prostate cancer, or stomach cancer 
[12]. Moreover, the current study excluded individuals 
diagnosed with cancer at baseline, as they have different 

dietary practices, suggesting that cancer mortality could 
also be related to cancer incidence.

This study analyzed the relationship between nut con-
sumption and all-cause mortality stratified by health-
related variables and significant interactions were 
observed in the subgroups stratified by age, BMI status, 
and physical activity. Our findings revealed that nut con-
sumption had a greater impact on reducing mortality risk 
in populations over 60 years of age, suggesting that the 
nutritional value of nuts and their effect on preventing 
mortality may be particularly important in the elderly. 
For individuals with a BMI between 23 and 25 kg/m2, a 
higher nut intake was associated with a more pronounced 
decrease in all-cause mortality risk. According to Bao et 
al., there was a stronger association between nut intake 
and mortality in overweight/obese participants than that 
in normal-weight participants (p for interaction = 0.004) 
[45]. The large-cohort PURE study examined the associa-
tion of nuts with mortality by BMI and found that the HR 
for mortality decreased progressively as BMI increased 
from less than 25 kg/m2 (HR = 0.89; 95% CI = 0.79–1.01), 
to 25–30  kg/m2 (HR = 0.85; 95% CI = 0.73–0.99), and 
30  kg/m2 or more (HR = 0.79; 95% CI = 0.61–0.98) [31]. 
Unlike these previous studies, our study found a reduced 
risk of mortality only in individuals with a BMI of 
23–25 kg/m2, with no significant reduction in the mortal-
ity risk in individuals with higher BMI (over 25  kg/m2). 
While the reasons for this U-shaped relationship can-
not be interpreted with certainty, several considerations 
should be explored. Firstly, the use of different BMI cut-
offs may account for the inconsistent results. Notably, the 
World Health Organization standards classify a BMI of 
over 25  kg/m2 as overweight and a BMI of over 30 kg/
m2 as obese, whereas Korean guidelines classify a BMI of 
23–25 kg/m2 as overweight and a BMI of over 25 kg/m2 
as obese [23]. Secondly, Koreans exhibit a different dis-
tribution of BMI values compared to individuals in West-
ern countries. Using a threshold of 30 kg/m2, the rates for 
men above this threshold were 26.7% in Canada, 27.0% in 
the UK, and 13.5% in France. In Korean adults, only 6.2% 
for men and 5.5% of women were above this threshold 
[46]. Additionally, given that mortality rates were low-
est for individuals in the overweight range of 23–26 kg/
m2 [47, 48], the impact of nut consumption on mortal-
ity in individuals with a BMI of 23–25 kg/m2 could have 
been more distinctly pronounced rather than in other 
ranges of BMI. This study also found that nut consump-
tion significantly contributed to a reduction in mortality 
risk among individuals who did not engage in physical 
activity, although the interpretation of this result requires 
further investigation owing to insufficient evidence. The 
results from the subgroup analysis in this study under-
score the need for further research on different popula-
tions to clarify the relationship between nut consumption 
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and mortality risk and determine how nuts can provide 
health benefits based on specific demographic character-
istics or lifestyle factors.

This study has some limitations. First, this study 
grouped peanuts, almonds, and pine nuts together 
instead of analyzing them individually and did not con-
sider the association with mortality of other types of 
nuts. Second, the current study did not examine the salt 
content or preparation methods, such as roasting, of 
the nuts consumed by the participants. Third, although 
covariates that could affect nut consumption and mor-
tality were adjusted for as much as possible, further 
covariates may exist. Despite these limitations, to the 
best of our knowledge, this is the first study to examine 
the relationship between nut consumption and all-cause 
and cause-specific mortality among Korean adults, with 
a large sample size and long-term follow-up period, pro-
viding important evidence for the long-term health ben-
efits of nut intake among Asians.

Conclusions
This prospective cohort study revealed that frequent nut 
consumption is linearly associated with a reduced risk 
of all-cause mortality among Korean adults and shows a 
non-linear dose-response relationship with CVD mortal-
ity. However, no association was found with cancer mor-
tality. Individuals who consumed more than 2 servings 
(30  g) of nuts weekly had a 12% lower risk of all-cause 
mortality than non-consumers. Additionally, individu-
als consuming 1–2 servings (15–30  g) of nuts per week 
exhibited a 34% lower risk of CVD mortality than non-
consumers. These findings underscore the importance 
of including nuts in a balanced diet to improve the long-
term health outcomes in this population. They also sup-
port the incorporation of nut consumption into dietary 
practices through the provision of nutrition education 
and dietary guidelines may be an effective strategy in 
reducing the risk of mortality, particularly from CVD, 
among Koreans. Future studies with detailed specifica-
tions of nut varieties and nut processing conditions are 
necessary to validate the results of this study. Further-
more, it may be necessary to examine whether the impact 
of nut consumption on mortality varies according to 
socioenvironmental factors and lifestyle patterns.

Abbreviations
NCD	� Noncommunicable disease
CVD	� Cardiovascular disease
BMI	� Body mass index
HR	� Hazard ratio
CI	� Confidence interval
KoGES	� Korean Genome and Epidemiology Study
HEXA	� Health Examinees
FFQ	� Food frequency questionnaire
ANOVA	� Analysis of variance
RR	� Relative risk
PURE	� Prospective Urban and Rural Epidemiology

Acknowledgements
Data in this study were from the Korean Genome and Epidemiology Study 
(KoGES; 6635 − 302). National Institute of Health, Korea Disease Control and 
Prevention Agency, Republic of Korea. All authors thank the participants and 
all members of the KoGES group.

Author contributions
JK and SS conceptualized and designed the study; HRS and SS conducted 
data analysis; HRS, JK and SS drafted the manuscript and revised the 
manuscript. All authors have reviewed and agreed to the published version of 
this manuscript.

Funding
This research was supported by the National Research Foundation of Korea 
grant, funded by the Korean government (Ministry of Science and ICT) (No. 
2022R1C1C1002905).

Data availability
The data supporting the findings of this study are available from the KoGES. 
Restrictions apply to the availability of these data, which were used under 
license for this study, and so are not publicly available. Data can be accessed 
[http://nih.go.kr/ko/main/contents.do?menuNo=300563] with KoGES’s 
permission.

Declarations

Ethics approval and consent to participate
This study was conducted according to the guidelines of the Declaration of 
Helsinki. Ethical approval for the KoGES was obtained from the Institutional 
Review Boards of National Institute of Health under the Korean government 
and collaborators of the KoGES groups. All study participants provided 
written informed consent. Furthermore, the secondary data analysis of this 
study qualified for an exemption issued by the Institutional Review Board of 
Hannam University (2023-E-01-09-0625).

Consent for publication
All research participants provided consent for the use of de-identified data in 
scientific publications.

Competing interests
The authors declare no competing interests.

Author details
1Department of Food and Nutrition, College of Life Science and Nano-
technology, Hannam University, Daejeon 34054, Korea
2Department of Genetics and Biotechnology, College of Life Sciences, 
Kyung Hee University, Yongin 17104, Korea

Received: 3 June 2024 / Accepted: 17 September 2024

References
1.	 World Health Organization. Assessing national capacity for the prevention 

and control of noncommunicable diseases: Report of the 2019 global survey. 
2020. https://www.who.int/publications/i/item/9789240071698. Accessed 
May 31 2024.

2.	 World Health Organization. Noncommunicable diseases. 2024. https://www.
who.int/health-topics/noncommunicable-diseases#tab=tab_1. Accessed 
April 22 2024.

3.	 World Health Organization. Noncommunicable diseases. 2023. https://
www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases, 
Accessed April 22 2024.

4.	 Appel LJ, Moore TJ, Obarzanek E, Vollmer WM, Svetkey LP, Sacks FM, et al. 
A clinical trial of the effects of dietary patterns on blood pressure. DASH 
collaborative research group. N Engl J Med. 1997;336:1117–24. https://doi.
org/10.1056/NEJM199704173361601

5.	 Martínez-González MA, Gea A, Ruiz-Canela M. The Mediterranean diet and 
cardiovascular health. Circ Res. 2019;124:779–98. https://doi.org/10.1161/
CIRCRESAHA.118.313348

http://nih.go.kr/ko/main/contents.do?menuNo=300563
https://www.who.int/publications/i/item/9789240071698
https://www.who.int/health-topics/noncommunicable-diseases#tab=tab_1
https://www.who.int/health-topics/noncommunicable-diseases#tab=tab_1
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://doi.org/10.1056/NEJM199704173361601
https://doi.org/10.1056/NEJM199704173361601
https://doi.org/10.1161/CIRCRESAHA.118.313348
https://doi.org/10.1161/CIRCRESAHA.118.313348


Page 12 of 13Shin et al. Nutrition Journal          (2024) 23:113 

6.	 De Souza RGM, Schincaglia RM, Pimentel GD, Mota JF. Nuts and human 
health outcomes: a systematic review. Nutrients. 2017;9:1311. https://doi.
org/10.3390/nu9121311

7.	 Jackson CL, Hu FB. Long-term associations of nut consumption with body 
weight and obesity. Am J Clin Nutr. 2014;100 Supplement 1:408S–11S. 
https://doi.org/10.3945/ajcn.113.071332

8.	 Mohammadifard N, Salehi-Abargouei A, Salas-Salvadó J, Guasch-Ferré M, 
Humphries K, Sarrafzadegan N. The effect of tree nut, peanut, and soy nut 
consumption on blood pressure: a systematic review and meta-analysis of 
randomized controlled clinical trials. Am J Clin Nutr. 2015;101:966–82. https://
doi.org/10.3945/ajcn.114.091595

9.	 Viguiliouk E, Kendall CWC, Blanco Mejia S, Cozma AI, Ha V, Mirrahimi A, et 
al. Effect of tree nuts on glycemic control in diabetes: a systematic review 
and meta-analysis of randomized controlled dietary trials. PLoS ONE. 
2014;9:e103376. https://doi.org/10.1371/journal.pone.0103376

10.	 Arnesen EK, Thorisdottir B, Bärebring L, et al. Nuts and seeds consumption 
and risk of cardiovascular disease, type 2 diabetes and their risk factors: a 
systematic review and meta-analysis. Food Nutr Res. 2023;14:67. https://doi.
org/10.29219/fnr.v67.8961

11.	 Becerra-Tomás N, Paz-Graniel I, Kendall WC, Kahleova C, Rahelić H, Sieven-
piper DL. Nut consumption and incidence of cardiovascular diseases and 
cardiovascular disease mortality: a meta-analysis of prospective cohort stud-
ies. Nutr Rev. 2019;77:10:691–709. https://doi.org/10.1093/nutrit/nuz042

12.	 Wu L, Wang Z, Zhu J, Murad AL, Prokop LJ, Murad MH. Nut consumption and 
risk of cancer and type 2 diabetes: a systematic review and meta-analysis. 
Nutr Rev. 2015;73:409–25. https://doi.org/10.1093/nutrit/nuv006

13.	 Fang Z, Wu Y, Li Y, Zhang X, Willett WC, Eliassen AH, et al. Association of nut 
consumption with risk of total cancer and 5 specific cancers: evidence from 
3 large prospective cohort studies. Am J Clin Nutr. 2021;114:1925–35. https://
doi.org/10.1093/ajcn/nqab295

14.	 Mullie P, Guelinckx I, Clarys P, Degrave E, Hulens M, Vansant G. Cultural, socio-
economic and nutritional determinants of functional food consumption pat-
terns. Eur J Clin Nutr. 2009;63:11:1290–6. https://doi.org/10.1038/ejcn.2009.89

15.	 Jung M, Kim J, Ahn SM. Factors associated with frequency of peanut 
consumption in Korea: a national population-based study. Nutrients. 
2020;12:1207. https://doi.org/10.3390/nu12051207

16.	 Yamakawa M, Wada K, Koda S, Uji T, Nakashima Y, Onuma S, et al. Associations 
of total nut and peanut intakes with all-cause and cause-specific mortality 
in a Japanese community: the Takayama study. Br J Nutr. 2022;127:1378–85. 
https://doi.org/10.1017/S0007114521002257

17.	 He D, Huangfu Z, Pan M. Association between nut consumption and mortal-
ity among Chinese older people: a national cohort study based on CLHLS 
from 2008 to 2018. Front Nutr. 2022;9:1080714. https://doi.org/10.3389/
fnut.2022.1080714

18.	 National Institute of Health. The Korean Genome and Epidemiology Study 
(KoGES). 2022. https://nih.go.kr/ko/main/contents.do?menuNo=300574. 
Accessed February 13 2024.

19.	 Willett W. Nutritional epidemiology. Oxford University Press; 2012.
20.	 Ahn Y, Kwon E, Shim JE, Park MK, Joo Y, Kimm K, et al. Validation and 

reproducibility of food frequency questionnaire for Korean genome epide-
miologic study. Eur J Clin Nutr. 2007;61:1435–41. https://doi.org/10.1038/
sj.ejcn.1602657

21.	 Ahn Y, Lee JE, Paik HY, Lee HK, Jo I, Kimm K. Development of a semi-quanti-
tative food frequency questionnaire based on dietary data from the Korea 
National Health and Nutrition Examination Survey. Nutr Sci. 2003;6:173–84.

22.	 Korean Standard Classification of Diseases. The 7th Korean Standard Clas-
sification of Diseases and Causes of Death. 2024. https://www.koicd.kr/kcd/
kcd.do?degree=08. Accessed April 18 2024.

23.	 Haam JH, Kim BT, Kim EM, Kwon H, Kang JH, Park JH, et al. Diagnosis of 
obesity: 2022 update of clinical practice guidelines for obesity by the Korean 
Society for the Study of Obesity. J Obes Metab Syndr. 2023;32:121–29. https://
doi.org/10.7570/jomes23031

24.	 Bae JH, Han K-D, Ko S-H, Yang YS, Choi JH, Choi KM, et al. Diabetes fact sheet 
in Korea 2021. Diabetes Metab J. 2022;46:417–26.

25.	 World Health Organization. Cardiovascular diseases 2024. https://www.who.
int/health-topics/hypertension/cardiovascular-diseases#tab=tab_1, Accessed 
March 08 2024.

26.	 The Korean Society of Hypertension - Hypertension Epidemiology Research 
Working Group. Korea Hypertension Fact Sheet 2023. Clin Hypertens (in 
press)

27.	 Kang H-T, Kim S-Y, Kim J, Kim J, Kim J, Park HA, et al. Clinical practice guideline 
of prevention and treatment for metabolic syndrome. Korean J Fam Pract. 
2015;5:375–420.

28.	 Huh JH, Kang DR, Kim JY, Koh KK. Metabolic syndrome fact sheet 2021: exec-
utive report. Cardiometab Syndr J. 2021;1:125–34. https://doi.org/10.51789/
cmsj.2021.1.e15

29.	 Balakrishna R, Bjørnerud T, Bemanian M, Aune D, Fadnes LT. Consumption 
of nuts and seeds and health outcomes including cardiovascular disease, 
diabetes and metabolic disease, cancer, and mortality: an umbrella review. 
Adv Nutr. 2022;13:2136–48. https://doi.org/10.1093/advances/nmac077

30.	 Aune D, Keum N, Giovannucci E, Fadnes LT, Boffetta P, Greenwood DC, et al. 
Nut consumption and risk of cardiovascular disease, total cancer, all-cause 
and cause-specific mortality: a systematic review and dose-response 
meta-analysis of prospective studies. BMC Med. 2016;14:207. https://doi.
org/10.1186/s12916-016-0730-3

31.	 de Souza RJ, Dehghan M, Mente A, Bangdiwala SI, Ahmed SH, Alhabib KF, 
et al. Association of nut intake with risk factors, cardiovascular disease, and 
mortality in 16 countries from 5 continents: analysis from the prospective 
urban and rural epidemiology (PURE) study. Am J Clin Nutr. 2020;112:208–19. 
https://doi.org/10.1093/ajcn/nqaa108

32.	 O’Neil CE, Nicklas TA, Fulgoni VL. Tree nut consumption is associated with 
better nutrient adequacy and diet quality in adults: National Health and 
Nutrition Examination Survey 2005–2010. Nutrients. 2015;7:595–607. https://
doi.org/10.3390/nu7010595

33.	 European Food Safety Authority. Food consumption data Parma, Italy. 2022. 
https://www.efsa.europa.eu/en/microstrategy/foodex2-level-1, Accessed 
April 18 2024.

34.	 Shin HR, Song S. Atherogenic index of plasma and its association with 
food group intake in Korean adults: based on the baseline data of KoGES-
HEXA study. J Nutr Health. 2024;57:105–19. https://doi.org/10.4163/
jnh.2024.57.1.105

35.	 Wang JB, Fan JH, Dawsey SM, Sinha R, Freedman ND, Taylor PR, et al. Dietary 
components and risk of total, cancer and cardiovascular disease mortal-
ity in the Linxian Nutrition Intervention Trials cohort in China. Sci Rep. 
2016;6:22619. https://doi.org/10.1038/srep22619

36.	 Luu HN, Blot WJ, Xiang YB, Cai H, Hargreaves MK, Li H, et al. Prospective 
evaluation of the association of nut/peanut consumption with total and 
cause-specific mortality. JAMA Intern Med. 2015;175:755–66. https://doi.
org/10.1001/jamainternmed.2014.8347

37.	 Guasch-Ferré M, Tessier AJ, Petersen KS, Sapp PA, Tapsell LC, Salas-Salvadó J, 
et al. Effects of nut consumption on blood lipids and lipoproteins: a compre-
hensive literature update. Nutrients. 2023;15:596. https://doi.org/10.3390/
nu15030596

38.	 Hadi A, Asbaghi O, Kazemi M, Haghighian HK, Pantovic A, Ghaedi E, et al. 
Consumption of pistachio nuts positively affects lipid profiles: a systematic 
review and meta-analysis of randomized controlled trials. Crit Rev Food Sci 
Nutr. 2023;63:5358–71. https://doi.org/10.1080/10408398.2021.2018569

39.	 Houston L, Probst YC, Chandra Singh M, Neale EP. Tree nut and peanut 
consumption and risk of cardiovascular disease: a systematic review and 
meta-analysis of randomized controlled trials. Adv Nutr. 2023;14:1029–49. 
https://doi.org/10.1016/j.advnut.2023.05.004

40.	 Jafari Azad B, Daneshzad E, Azadbakht L. Peanut and cardiovascular disease 
risk factors: a systematic review and meta-analysis. Crit Rev Food Sci Nutr. 
2020;60:1123–40. https://doi.org/10.1080/10408398.2018.1558395

41.	 Liu X, Guasch-Ferré M, Drouin‐Chartier JP, Tobias DK, Bhupathiraju SN, 
Rexrode KM, et al. Changes in nut consumption and subsequent cardio-
vascular disease risk among US men and women: 3 large prospective 
cohort studies. J Am Heart Assoc. 2020;9:e013877. https://doi.org/10.1161/
JAHA.119.013877

42.	 Bornfeldt KE. Triglyceride lowering by omega-3 fatty acids: a mechanism 
mediated by n-acyl taurines. J Clin Invest. 2021;131:e147558. https://doi.
org/10.1172/JCI147558

43.	 Lattimer JM, Haub MD. Effects of dietary fiber and its components on meta-
bolic health. Nutrients. 2010;2:1266–89. https://doi.org/10.3390/nu2121266

44.	 Xu C, Marques FZ. How dietary fibre, acting via the gut microbiome, lowers 
blood pressure. Curr Hypertens Rep. 2022;24:509–21. https://doi.org/10.1007/
s11906-022-01216-2

45.	 Bao Y, Han J, Hu FB, Giovannucci EL, Stampfer MJ, Willett WC, et al. Association 
of nut consumption with total and cause-specific mortality. N Engl J Med. 
2013;369:2001–11. https://doi.org/10.1056/NEJMoa1307352

46.	 Statistics Korea. Obesity rate. 2024. https://www.index.go.kr/unify/idx-info.
do?idxCd=8021. Accessed Aug 16 2024.

https://doi.org/10.3390/nu9121311
https://doi.org/10.3390/nu9121311
https://doi.org/10.3945/ajcn.113.071332
https://doi.org/10.3945/ajcn.114.091595
https://doi.org/10.3945/ajcn.114.091595
https://doi.org/10.1371/journal.pone.0103376
https://doi.org/10.29219/fnr.v67.8961
https://doi.org/10.29219/fnr.v67.8961
https://doi.org/10.1093/nutrit/nuz042
https://doi.org/10.1093/nutrit/nuv006
https://doi.org/10.1093/ajcn/nqab295
https://doi.org/10.1093/ajcn/nqab295
https://doi.org/10.1038/ejcn.2009.89
https://doi.org/10.3390/nu12051207
https://doi.org/10.1017/S0007114521002257
https://doi.org/10.3389/fnut.2022.1080714
https://doi.org/10.3389/fnut.2022.1080714
https://nih.go.kr/ko/main/contents.do?menuNo=300574
https://doi.org/10.1038/sj.ejcn.1602657
https://doi.org/10.1038/sj.ejcn.1602657
https://www.koicd.kr/kcd/kcd.do?degree=08
https://www.koicd.kr/kcd/kcd.do?degree=08
https://doi.org/10.7570/jomes23031
https://doi.org/10.7570/jomes23031
https://www.who.int/health-topics/hypertension/cardiovascular-diseases#tab=tab_1
https://www.who.int/health-topics/hypertension/cardiovascular-diseases#tab=tab_1
https://doi.org/10.51789/cmsj.2021.1.e15
https://doi.org/10.51789/cmsj.2021.1.e15
https://doi.org/10.1093/advances/nmac077
https://doi.org/10.1186/s12916-016-0730-3
https://doi.org/10.1186/s12916-016-0730-3
https://doi.org/10.1093/ajcn/nqaa108
https://doi.org/10.3390/nu7010595
https://doi.org/10.3390/nu7010595
https://www.efsa.europa.eu/en/microstrategy/foodex2-level-1
https://doi.org/10.4163/jnh.2024.57.1.105
https://doi.org/10.4163/jnh.2024.57.1.105
https://doi.org/10.1038/srep22619
https://doi.org/10.1001/jamainternmed.2014.8347
https://doi.org/10.1001/jamainternmed.2014.8347
https://doi.org/10.3390/nu15030596
https://doi.org/10.3390/nu15030596
https://doi.org/10.1080/10408398.2021.2018569
https://doi.org/10.1016/j.advnut.2023.05.004
https://doi.org/10.1080/10408398.2018.1558395
https://doi.org/10.1161/JAHA.119.013877
https://doi.org/10.1161/JAHA.119.013877
https://doi.org/10.1172/JCI147558
https://doi.org/10.1172/JCI147558
https://doi.org/10.3390/nu2121266
https://doi.org/10.1007/s11906-022-01216-2
https://doi.org/10.1007/s11906-022-01216-2
https://doi.org/10.1056/NEJMoa1307352
https://www.index.go.kr/unify/idx-info.do?idxCd=8021
https://www.index.go.kr/unify/idx-info.do?idxCd=8021


Page 13 of 13Shin et al. Nutrition Journal          (2024) 23:113 

47.	 Zajacova A, Burgard SA. Shape of the BMI-mortality association by cause of 
death, using generalized additive models: NHIS 1986–2006. J Aging Health. 
2012;24:2:191–211. https://doi.org/10.1177/0898264311406268

48.	 Burgess S, Sun YQ, Zhou A, Buck C, Mason AM, Mai XM. Body mass index 
and all-cause mortality in HUNT and UK biobank studies: revised non-linear 
mendelian randomisation analyses. BMJ Open. 2024;14:5e081399. https://doi.
org/10.1136/bmjopen-2023-081399

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1177/0898264311406268
https://doi.org/10.1136/bmjopen-2023-081399
https://doi.org/10.1136/bmjopen-2023-081399

	﻿Association between nut consumption and mortality risk: a 20-year cohort study in Korea with a stratified analysis by health-related variables
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Data and study participants
	﻿Assessment of nut consumption
	﻿Determination of mortality outcomes
	﻿Measurement of covariates
	﻿Statistical analyses

	﻿Results
	﻿Cumulative hazard graph
	﻿Baseline characteristics according to nut consumption
	﻿Energy and nutrient intake according to nut consumption
	﻿Association between nut consumption and mortality
	﻿Association between nut consumption and all-cause mortality stratified by covariates

	﻿Discussion
	﻿Conclusions
	﻿References


