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Background: Existing studies have evaluated the association of dietary fatty
acids with mortality. However, the findings remained contentious. Our aimed to
investigate the association of total dietary fat and each type of fatty acids with
overall and cause-specific mortality.

Methods: We conducted a population-based prospective cohort study derived
from the U.S. NHANES from 1999 to 2018. Baseline dietary information was
assessed utilizing two 24-h dietary recalls. The death status was followed up
to December 31, 2019. Hazard ratio (HR) was calculated by Cox regression and
competing risk model. The effects of isocaloric replacement saturated fatty
acids (SFAs) with monounsaturated fatty acids (MUFAs) and polyunsaturated
fatty acids (PUFAs) were estimated using the leave-one-out method.

Results: A total of 49,884 U.S. adults were included. 7,347 deaths, including
2,288 and 1,652 deaths from cardio-cerebrovascular disease (CCVD) and
cancer, arose during 494,277 person-years. The intake of SFAs was positively
associated with an increased risk of overall mortality, with extreme-quintile
HR of 1.10 (95% CI: 1.02-1.19, P,y = 0.013); whereas an inverse association of
PUFAs intake with overall mortality was observed, with extreme-quintile HR of
0.87 (95% CI: 0.81-0.94, P,,q = 0.001). Greater intake of PUFAs was associated
with a lower risk of CCVD-and cancer-specific mortality at borderline statistical
significance. The isocaloric substitutions of 5% energy from MUFAs and PUFAs
for SFAs was associated with 13 and 12% lower risk of overall mortality.

Conclusion: Greater intake of SFAs was positively associated with mortality, while
greater intake of PUFAs was negatively associated with mortality. Reducing SFA
by increasing MUFAs and PUFAs was an attractive strategy to lower mortality.
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Introduction

Dietary fat, which is one of the three macronutrients, can provide
fatty acids as well as energy. Dietary fatty acids are divided into four
subtypes: saturated fatty acids (SFAs), monounsaturated fatty acids
(MUFAs), polyunsaturated fatty acids (PUFAs), and trans-fatty
(TFAs) (1). Although the general public has paid more and more
attention to the relationship between consumption of dietary fatty
acids and health issues, the available evidence remains conflicting
and confusing.

The controversy on the association of dietary fatty acids with
health, in which the focus is the “diet-heart hypothesis,” has lasted for
more than 60 years (2). Among the association of dietary fatty acids
with cardiovascular disease (CVD), SFAs have been the main focus
of various studies. Several prospective cohort studies have
demonstrated that consuming higher SFAs was linked with an
increased CVD-specific morbidity and mortality (3, 4). However,
other epidemiological studies have exhibited either no association (5,
6) or even inverse association (7, 8) between SFAs consumption and
CVD. Although several studies have reported that the excessive SFAs
intake was shown to promote overall mortality (9, 10), these findings
were refuted by others (11, 12). The inconsistency may be attributed
to heterogeneity in the study populations. The UK Biobank
prospective cohort study primarily included older and white
participants (9), while the Prospective Urban Rural Epidemiology
(PURE) study encompassed a diverse range of ethnicities across
multiple countries, with a broader age range (11). A meta-analysis
derived from randomized controlled trials (RCTs) have suggested
that reducing SFAs intake could lower the risk of CVD but not overall
mortality (13). PUFAs seem to be healthy fatty acids. A large body of
evidence but not all showed that higher intake of PUFAs was
associated with a lower risk of CVD morbidity and overall mortality
(3, 10-12). In addition, a meta-analysis from RCTs concluded that
replacing SFAs with PUFAs could reduce the risk of CVD (14). Under
the context of mixed results, the Dietary Guidelines for Americans
was shifted from limiting total fat to consuming less than 10% of total
energy from SFAs by replacing them with unsaturated fat acids,
particularly PUFAs (15). Thus, in this study, we evaluated the
hypothesis that replacing SFAs with MUFAs and PUFAs could yield
health benefits.

Dietary fatty acids are comprised of a variety of fatty acids, the
relationship between subtypes of dietary fatty acids and health
issues remain unclear. More evidence appraising the role of dietary
fatty acids on health is needed to improve the dietary guidelines. In
view of these circumstances, we synthetically assessed the effect of
the amount and subtype of dietary fatty acids on overall and
specific-cause mortality using a prospective study derived from the
U.S. National Health and Nutrition Examination Survey
(NHANES). Compared to the UK Biobank study (9) and the PURE
study (11), participants in NHANES were younger, and the gender
ratio was more balanced. Therefore, it was necessary to utilize
NHANES data to examine the following two aims: (1) which
subtype of fatty acids were associated with overall or cause-specific
mortality? (2) what was the effect of substituting MUFAs and
PUFAs for SFAs? Answering these questions could contribute to
illuminating the association of dietary fatty acids with the risk
of mortality.
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Methods and materials
Study population

This cohort study was designed by longitudinally linking
NHANES participants to the National Death Index (NDI) ending on
December 31, 2019. The participant baseline data was available from
cycles of NHANES from 1999 to 2018, which was designed to
evaluate the health and nutritional level among residents of the
U.S. Details of the protocol of NHANES have been described
elsewhere.! Concisely, it was a cross-sectional survey performed
periodically every two years after 1999 by the National Center for
Health Statistics (NCHS). Questionnaires and biological specimens
were obtained by in person interview or mobile physical examination.
The NHANES program received approval from the NCHS ethics
review board, and all participants supplied informed consent (see
Footnote 1).

This study included individuals aged 18 years or older, who
underwent a dietary assessment during the 10 survey cycles of
NHANES. Individuals were excluded according to the following
criteria: (1) they had an unreliable intake of energy (less than 800 or
more than 4,200 kcal/day for men; less than 600 or more than
3,500 kcal/day for women, n = 9,238); (2) they were not linked with
mortality data (n = 82). After the screening, the study finally involved
a cohort of 49,884 participants.

Assessments of dietary fatty acids

In cycles of NHANES from 1999 to 2018, diet was assessed
using a 24-h dietary recall in-person interview. Since 2003,
participants underwent a second 24-h dietary recall via telephone
conversation around 3 to10 days following the first recall. Nutrient
intake was averaged among participants who underwent two
dietary recalls. The nutrient density of dietary fatty acid was used
instead of absolute intake to adjust for total energy intake (16). The
primary exposure (total fat, total SFAs, total MUFAs and total
PUFAs) was expressed as the percentage of energy, the secondary
exposure (each type of dietary fatty acids) was expressed as intake
per 1,000 kcal.

Ascertainments of demographic and
lifestyle factors

Demographic information (sex, age, race, education, and
income) and lifestyle factors (smoking, and physical activity) were
collected during household interviews at the baseline survey via
standard questionnaires. Body measures and alcohol intake were
collected in Mobile Examination Center. Body mass index (BMI,
kg/m?) was determined by dividing weight by the square of height.
Economic status was described as the ratio of family income to
poverty. Physical activity was quantified by summing the weekly
activities, and was reported in metabolic equivalent tasks

1 https://www.cdc.gov/nchs/nhanes/about_nhanes.htm
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(METs)-hours per week. Hypertension was characterized by
individuals (1) reporting a previous diagnosis of hypertension; (2)
having a systolic blood pressure equal to or greater than
140 mmHg or diastolic blood pressure equal to or greater than
90 mmHg. Diabetes was characterized by individuals (1) reporting
a previous diagnosis of diabetes; (2) having a fasting glucose level
equal to or greater than 7 mmol/L or a random glucose level equal
to or greater than 11.1 mmol/L; (3) having a hemoglobin Alc level
equal to or greater than 6.5%. Conditions of CVD, kidney failure,
and cancer were identified based on individuals’ self-reporting.

Ascertainments of deaths

The death status and cause of participants were ascertained by
linking to the NDI. Mortality follow-up data was available ending
on December 31, 2019. Death causes were classified following the
10th edition of International Classification of Diseases. The main
endpoint was overall mortality, and secondary endpoints included
mortality specifically from cardio-cerebrovascular disease
(CCVD) and cancer. Duration of survival (person-years) was
calculated as the time elapsed from the interview until either
death or December 31, 2019, whichever occurred first. If an
individual did not die until December 31, 2019, the survival time
was censored.

Statistical analysis

Quantitative variables were shown as mean with standard
deviation, and discrete variables were displayed as percentages.
Baseline features were compared between those with and without
death using ¢ tests for quantitative variables or chi-square tests for
discrete variables or Wilcoxon rank-sum test for ordinal variables.
The hazard ratios (HRs) and 95% confidence intervals (CIs) of
overall mortality were estimated utilizing Cox regression, and HRs
and 95% CIs of cause-specific mortality were estimated from
competing risks model. We firstly used categorical exposures, with
dietary fatty acids categorized into quartiles. The trends were
estimated by a per-SD increase in each dietary fatty acid. Restricted
cubic splines (RCS) was also applied with three knots in the Cox
regression to flexibly model and visualize associations of dietary
fatty acids with mortality (17). Multivariate models were controlled
for sex, age, BMI, race, education, physical activity, economic
status, drinking status, smoking status, total energy, diabetes,
hypertension, kidney failure, CVD, and cancer. Given that the
shape of the association of age and total energy intake with
mortality retained unknown, they entered model as RCS with three
knots (18).

The robustness of the findings was evaluated in sensitivity
analyses. First, individuals with a history of CVD or cancer were
excluded. Second, individuals who died within the initial year of
follow-up were excluded. To simulate the effect of limiting total SFAs,
we estimated the effects of isocaloric replacement SFAs with MUFAs
and PUFAs from the multivariable nutrient density model using the
leave-one-out method (19). A two-tailed p value <0.05 was deemed
statistically significant. Statistical analyses were conducted using R
software (version 4.3.0).
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Results
Population characteristics

Of the 49,884 individuals with a mean age of 47.67 + 19.26 years,
23,779 (47.67%) were men. Over a follow-up period of 494,277
person-years, a total of 7,347 deaths were documented, among which
2,288 were due to CCVD and 1,652 were attributed to cancer.

Baseline features of study subjects were displayed in Table 1.
Briefly, individuals suffered death tended to consume less total
energy, total PUFAs, MUFA 20:1 (eicosenoic acid), PUFA 18:2
(octadecadienoic acid), PUFA 18:3 (octadecatrienoic acid), PUFA
18:4 (octadecatetraenoic acid), and PUFA 22:5 (docosapentaenoic
acid); but to have a higher intake of SFA 4:0 (butanoic acid), SFA 6:0
(hexanoic acid), SFA 18:0 (octadecanoic acid), MUFA 16:1
(hexadecenoic acid), MUFA 18:1 (octadecenoic acid), MUFA 22:1
(docosenoic acid), PUFA 20:5 (eicosapentaenoic acid), and PUFA
22:6 (docosahexaenoic acid). In addition, they were older, more
frequently male, more frequently Non-Hispanic White, more
frequently smokers, less frequently drinkers, and exhibited a lower
BMI, lower level of education, lower physical activity, lower economic
level, and had a higher prevalence of hypertension, diabetes, kidney
failure, CVD as well as cancer. Baseline features of study subjects
across NHANES cycles were exhibited in Supplementary Table S1.

Dietary fatty acids and overall mortality

After multivariable adjustment, the total SFAs intake was
suggested to have a modest but significant association with an
increased risk of overall mortality. As shown in Figure 1, the lowest
risk of death was observed among individuals who approximately
ingested less than 10% of total energy from SFAs (P,,.,.y = 0.033 based
on RCS model). Furthermore, the multivariable-adjusted HR for
individuals comparing the highest quartile to the lowest quartile was
1.10 (95% CI: 1.02-1.19, P, = 0.013, Table 2). Consuming higher
amounts of PUFAs was linked to a reduced risk of overall mortality
(Pyyeran = 0.002 based on RCS model; Figure 1). Compared to the
lowest quartile of total PUFAs intake, the multivariable-adjusted HR
of overall mortality for highest quartile were 0.87 (95% CI: 0.81-0.94,
Piena = 0.001, Table 2). However, there was no significant association
of total fat and MUFAs with overall mortality (Figure 15 Table 2).

Among each type of fatty acids (Table 2), the multivariable-
adjusted HRs of overall mortality comparing the highest quartile to
the lowest quartile of SFA 4:0 (butyric acid), SFA 6:0 (caproic acid),
SFA 8:0 (caprylic acid), SFA 10:0 (capric acid), SFA 16:0 (palmitic
acid) and SFA 18:0 (stearic acid) were 1.08 (95% CI: 1.00-1.16), 1.08
(95% CI: 1.00-1.15), 1.07 (95% CI: 1.00-1.15), 1.07 (95% CI: 1.00—
1.15), 1.08 (95% CI: 1.01-1.17) and 1.10 (95% CL 1.02-1.19),
respectively. However, contrasted with the lowest quartile, the highest
quartile of MUFA 20:1 (eicosenoic acid) and MUFA 22:1 (docosenoic
acid) could reduce a 10% (HR = 0.90, 95% CI: 0.83-0.97) and 8%
(HR =0.92,95% CI: 0.86-0.99) risk of overall mortality. Likewise, for
PUFASs subtypes, the highest quartile of PUFA 18:2 (linoleic acid),
PUFA 18:3 (linolenic acid), PUFA 20:5 (eicosapentaenoic acid), and
PUFA 22:6 (docosahexaenoic acid) experienced a reduced risk of
overall mortality, with extreme-quintile HRs of 0.87 (95% CI: 0.81-
0.94), 0.85 (95% CI: 0.79-0.92), 0.92 (95% CI: 0.86-0.99) and 0.91
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TABLE 1 Baseline characteristics of study participants according to status of follow-up.*

Characteristics Overall All-cause mortality
Alive Death
No. of Participants 49,884 42,537 7,347
Age (years) 47.67 £19.26 43.99 £17.60 69.00 £ 13.79 <0.001
Male (%) 23,779 (47.67) 19,714 (46.35) 4,065 (55.33) <0.001
BMI (%) 0.004
Underweight 900 (1.83) 745 (1.77) 155 (2.22)
Normal 14,386 (29.29) 12,374 (29.37) 2012 (28.85)
Overweight 16,287 (33.16) 13,803 (32.76) 2,484 (35.61)
Obese 17,537 (35.71) 15,213 (36.11) 2,324 (33.32)
Race (%) <0.001
Non-Hispanic White 21,908 (43.92) 17,456 (41.04) 4,452 (60.60)
Non-Hispanic Black 10,507 (21.06) 9,094 (21.38) 1,413 (19.23)
Hispanic 4,018 (8.05) 3,720 (8.75) 298 (4.06)
Other 13,451 (26.96) 12,267 (28.84) 1,184 (16.12)
Education (%) <0.001
Less Than High School 13,646 (27.39) 10,759 (25.31) 2,887 (39.42)
High School Diploma 11,960 (24.00) 10,121 (23.81) 1839 (25.11)
More Than High School 24,222 (48.61) 21,624 (50.88) 2,598 (35.47)
Drinking status (%) <0.001
Never 12,756 (28.45) 10,345 (27.27) 2,411 (34.92)
Low to moderate 26,353 (58.78) 22,746 (59.97) 3,607 (52.24)
Heavy 5,725 (12.77) 4,838 (12.76) 887 (12.85)
Smoking status (%) <0.001
Never 25,970 (55.06) 23,022 (57.74) 2,948 (40.42)
Former 11,701 (24.81) 8,818 (22.11) 2,883 (39.53)
Current 9,496 (20.13) 8,034 (20.15) 1,462 (20.05)
Physical activity (%) <0.001
Low level 19,896 (40.07) 15,564 (36.76) 4,332 (59.24)
Moderate level 5,824 (11.73) 4,998 (11.81) 826 (11.29)
High level 23,929 (48.20) 21,774 (51.43) 2,155 (29.47)
Family income to poverty ratio (%) <0.001
0- 14,352 (31.42) 12,044 (30.89) 2,308 (34.50)
1.3- 17,354 (37.99) 14,378 (36.88) 2,976 (44.48)
3.5- 13,974 (30.59) 12,568 (32.23) 1,406 (21.02)
Diabetes (%) 7,419 (14.88) 5,262 (12.38) 2,157 (29.39) <0.001
Hypertension (%) 18,160 (37.15) 13,121 (31.49) 5,039 (69.79) <0.001
Failing kidney (%) 1,465 (3.16) 925 (2.37) 540 (7.42) <0.001
CVD (%) 5,191 (11.23) 2,850 (7.31) 2,341 (32.42) <0.001
Cancer (%) 4,412 (9.51) 2,825 (7.22) 1,587 (21.75) <0.001
Total energy (kcal/day) 2001.04 + 727.64 2038.99 +732.93 1781.34 + 654.37 <0.001
Total fat (%) 33.41 +8.00 33.42+£7.97 33.33£8.17 0.342
Total SFAs (%) 10.80 £ 3.38 10.79 £ 3.36 10.86 = 3.51 0.145
Total MUFAs (%) 12.07 £ 3.41 12.06 + 3.39 12.14 £ 3.51 0.051
Total PUFAs (%) 7.48 +2.90 7.52 £2.90 7.24+291 <0.001
SFA 4:0 (butanoic acid, g/day) 0.23+0.17 0.23+£0.17 0.24+£0.19 0.007

(Continued)
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TABLE 1 (Continued)

Characteristics Overall All-cause mortality
Alive Death

SFA 6:0 (hexanoic acid, g/day) 0.13+£0.10 0.13+0.10 0.14 +£0.11 0.024
SFA 8:0 (octanoic acid, g/day) 0.11+0.09 0.11 £ 0.09 0.11£0.11 0.918
SFA 10:0 (decanoic acid, g/day) 0.21+£0.14 0.21+0.14 0.20 +£0.15 0.076
SFA 12:0 (dodecanoic acid, g/day) 0.36 £ 0.45 0.36 + 0.45 0.35 + 0.45 0.597
SFA 14:0 (tetradecanoic acid, g/day) 0.98 £ 0.56 0.99 £ 0.55 0.98 £0.59 0.761
SFA 16:0 (hexadecanoic acid, g/day) 6.58 + 1.86 6.58 +1.84 6.59 £1.92 0.687
SFA 18:0 (octadecanoic acid, g/day) 3.01+£0.97 2.99 +0.96 3.10+1.02 <0.001
MUFA 16:1 (hexadecenoic acid, g/day) 0.57 £0.27 0.57 £0.27 0.59 +£0.29 <0.001
MUFA 18:1 (octadecenoic acid, g/day) 12.47 £ 3.59 12.45 £ 3.57 12.58 £ 3.69 0.009
MUFA 20:1 (eicosenoic acid, g/day) 0.12 £0.10 0.13+0.10 0.11+0.11 <0.001
MUFA 22:1 (docosenoic acid, mg/day) 16.76 + 64.71 16.34 + 63.63 19.18 +£70.55 0.001
PUFA 18:2 (octadecadienoic acid, g/day) 7.32+291 7.36 £ 2.90 7.07 £2.90 <0.001
PUFA 18:3 (octadecatrienoic acid, g/day) 0.76 +0.38 0.76 £ 0.39 0.73 £0.38 <0.001
PUFA 18:4 (octadecatetraenoic acid, mg/day) 5.17 + 14.60 526 +14.20 4.66 £ 16.72 0.004
PUFA 20:4 (eicosatetraenoic acid, mg/day) 73.68 £ 52.08 73.72 £ 51.15 73.47 £57.17 0.725
PUFA 20:5 (eicosapentaenoic acid, mg/day) 19.26 + 55.79 18.82 £ 53.25 21.85+68.63 <0.001
PUFA 22:5 (docosapentaenoic acid, mg/day) 10.81 £ 17.58 10.96 + 17.09 9.96 +20.13 <0.001
PUFA 22:6 (docosahexaenoic acid, mg/day) 38.63 + 86.20 38.01 + 83.68 42.27 £99.48 0.001

*Values were expressed as mean + SD or percentage. BMI, body mass index; CVD, cardiovascular diseases; MUFAs, monounsaturated fatty acids; PUFAs, polyunsaturated fatty acids; SFAs,
saturated fatty acids.
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FIGURE 1
Visualization of the dose—response relationship between dietary fatty acids and all-cause mortality based on restricted cubic splines. **The model was
adjusted for sex, age, BMI, race, education, physical activity, family income to poverty ratio, drinking status, smoking status, energy, hypertension,
diabetes, failing kidney, CVD, and cancer. BMI, Body mass index; CVD, Cardiovascular disease; HR, Hazard ratio; MUFAs, monounsaturated fatty acids;
PUFAs, polyunsaturated fatty acids; SFAs, saturated fatty acids.
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TABLE 2 The HRs and 95% Cls of all-cause mortality according to quartiles of dietary fatty acids intake.*

Dietary fatty acids

Quartile 1

Quartiles

Quartile 2

Quartile 3

Quartile 4

10.3389/fnut.2025.1468513

Per 1-SD

P trend

Total fat*

1.00 (0.94-1.07)

1.06 (0.99-1.13)

1.14 (1.07-1.22)

1.06 (1.03-1.09)

<0.001

Total fat®

0.97 (0.90-1.04)

0.98 (0.92-1.06)

1.00 (0.93-1.08)

0.99 (0.96-1.02)

0.517

Total SFAs*

1.04 (0.98-1.11)

1.02 (0.96-1.09)

1.13 (1.06-1.20)

1.06 (1.03-1.09)

<0.001

Total SFAs®

1.02 (0.94-1.09)

1.05 (0.97-1.13)

1.10 (1.02-1.19)

1.04 (1.01-1.08)

0.013

Total MUFAs*

1.01 (0.95-1.08)

1.00 (0.93-1.06)

1.04 (0.98-1.11)

1.02 (0.99-1.05)

0.211

Total MUFAs®

1.00 (0.93-1.08)

0.99 (0.92-1.07)

0.99 (0.92-1.06)

0.99 (0.96-1.02)

0.439

Total PUFAs®

0.98 (0.92-1.05)

1.05 (0.99-1.12)

1.06 (0.99-1.13)

1.03 (1.00-1.06)

0.050

Total PUFAs”

0.92 (0.86-0.99)

0.93 (0.87-1.00)

0.87 (0.81-0.94)

0.95 (0.92-0.98)

0.001

SFA 4:0 (butanoic acid)*

0.87 (0.81-0.93)

0.84 (0.79-0.90)

0.97 (0.91-1.03)

1.02 (0.99-1.05)

0.229

SFA 4:0 (butanoic acid)®

0.99 (0.92-1.06)

1.02 (0.95-1.10)

1.08 (1.00-1.16)

1.04 (1.00-1.07)

0.024

SFA 6:0 (hexanoic acid)®

0.87 (0.81-0.93)

0.87 (0.81-0.92)

1.09 (1.03-1.16)

1.08 (1.06-1.11)

<0.001

SFA 6:0 (hexanoic acid)®

0.97 (0.90-1.04)

1.04 (0.97-1.12)

1.08 (1.00-1.15)

1.04 (1.01-1.08)

0.004

SFA 8:0 (octanoic acid)*

0.89 (0.83-0.95)

0.86 (0.81-0.92)

1.06 (1.00-1.13)

1.06 (1.03-1.08)

<0.001

SFA 8:0 (octanoic acid)®

1.02 (0.95-1.10)

1.00 (0.93-1.08)

1.07 (1.00-1.15)

1.02 (0.99-1.04)

0.164

SFA 10:0 (decanoic acid)*

0.91 (0.85-0.97)

0.89 (0.84-0.95)

1.09 (1.02-1.16)

1.08 (1.05-1.11)

<0.001

SFA 10:0 (decanoic acid)®

1.04 (0.96-1.11)

1.05 (0.97-1.13)

1.07 (1.00-1.15)

1.04 (1.01-1.07)

0.016

SFA 12:0 (dodecanoic acid)*

0.91 (0.85-0.97)

0.97 (0.91-1.03)

1.09 (1.02-1.16)

1.03 (1.02-1.04)

<0.001

SFA 12:0 (dodecanoic acid)®

1.03 (0.96-1.11)

1.01 (0.94-1.09)

1.02 (0.95-1.10)

0.99 (0.98-1.01)

0.476

SFA 14:0 (tetradecanoic acid)*

0.93 (0.87-0.99)

0.89 (0.83-0.95)

0.98 (0.92-1.05)

1.02 (0.99-1.05)

0.234

SFA 14:0 (tetradecanoic acid)®

1.03 (0.95-1.10)

1.05 (0.98-1.13)

1.07 (0.99-1.15)

1.04 (1.00-1.07)

0.024

SFA 16:0 (hexadecanoic acid)*

1.02 (0.95-1.08)

1.00 (0.94-1.07)

1.11 (1.04-1.18)

1.05 (1.02-1.08)

0.001

SFA 16:0 (hexadecanoic acid)®

0.99 (0.92-1.06)

1.01 (0.94-1.09)

1.08 (1.01-1.17)

1.04 (1.01-1.08)

0.019

SFA 18:0 (octadecanoic acid)*

1.04 (0.97-1.11)

1.10 (1.03-1.18)

1.20 (1.13-1.28)

1.10 (1.07-1.14)

<0.001

SFA 18:0 (octadecanoic acid)®

0.99 (0.92-1.07)

1.07 (0.99-1.16)

1.10 (1.02-1.19)

1.05 (1.02-1.09)

0.002

MUFA 16:1 (hexadecenoic acid)?

0.93 (0.87-0.99)

0.89 (0.84-0.95)

0.90 (0.85-0.96)

0.98 (0.96-1.01)

0.213

MUFA 16:1 (hexadecenoic acid)®

0.95 (0.88-1.02)

1.00 (0.93-1.08)

0.99 (0.92-1.07)

1.01 (0.98-1.04)

0.520

MUFA 18:1 (octadecenoic acid)*

1.01 (0.95-1.08)

0.99 (0.93-1.06)

1.06 (1.00-1.13)

1.03 (1.00-1.05)

0.080

MUFA 18:1 (octadecenoic acid)®

1.00 (0.93-1.08)

1.00 (0.93-1.08)

0.98 (0.91-1.06)

0.99 (0.96-1.02)

0.463

MUFA 20:1 (eicosenoic acid)®

0.89 (0.84-0.95)

0.89 (0.83-0.95)

0.95 (0.89-1.01)

1.00 (0.98-1.02)

0.649

MUFA 20:1 (eicosenoic acid)®

0.94 (0.88-1.01)

0.92 (0.85-0.99)

0.90 (0.83-0.97)

0.96 (0.93-0.98)

0.001

MUFA 22:1 (docosenoic acid)*

0.98 (0.92-1.05)

1.03 (0.97-1.10)

1.04 (0.98-1.10)

1.00 (1.00-1.01)

<0.001

MUFA 22:1 (docosenoic acid)®

0.98 (0.91-1.06)

0.97 (0.90-1.04)

0.92 (0.86-0.99)

1.00 (0.99-1.00)

0.102

PUFA 18:2 (octadecadienoic acid)*

1.00 (0.94-1.06)

1.04 (0.97-1.11)

1.03 (0.97-1.10)

1.02 (0.99-1.05)

0.221

PUFA 18:2 (octadecadienoic acid)®

0.91 (0.85-0.98)

0.94 (0.88-1.01)

0.87 (0.81-0.94)

0.95 (0.92-0.98)

0.001

PUFA 18:3 (octadecatrienoic acid)?

1.05 (0.99-1.12)

1.19 (1.12-1.27)

1.19 (1.11-1.27)

1.06 (1.04-1.08)

<0.001

PUFA 18:3 (octadecatrienoic acid)®

0.92 (0.85-0.98)

0.95 (0.88-1.02)

0.85 (0.79-0.92)

0.94 (0.92-0.97)

<0.001

PUFA 18:4 (octadecatetraenoic acid)®

0.75 (0.65-0.86)

0.82 (0.77-0.88)

0.82 (0.77-0.87)

1.00 (1.00-1.00)

0.510

PUFA 18:4 (octadecatetraenoic acid)®

0.96 (0.82-1.12)

0.97 (0.90-1.04)

0.97 (0.91-1.04)

1.00 (1.00-1.00)

0.829

PUFA 20:4 (eicosatetraenoic acid)*

0.87 (0.81-0.93)

0.88 (0.83-0.94)

1.05 (0.99-1.12)

1.06 (1.03-1.08)

<0.001

PUFA 20:4 (eicosatetraenoic acid)®

0.93 (0.87-1.00)

0.96 (0.89-1.03)

0.97 (0.90-1.04)

0.99 (0.96-1.02)

0.477

PUFA 20:5 (eicosapentaenoic acid)*

0.94 (0.88-1.00)

0.85 (0.80-0.91)

0.95 (0.90-1.01)

1.00 (1.00-1.01)

0.001

PUFA 20:5 (eicosapentaenoic acid)®

0.94 (0.88-1.01)

0.93 (0.86-1.00)

0.92 (0.86-0.99)

1.00 (1.00-1.00)

0.504

PUFA 22:5 (docosapentaenoic acid)*

0.81 (0.76-0.86)

0.75 (0.70-0.80)

0.85 (0.80-0.91)

1.00 (0.99-1.02)

0.649
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TABLE 2 (Continued)

Dietary fatty acids

Quartile 1

Quartiles

Quartile 2

Quartile 3

Quartile 4

10.3389/fnut.2025.1468513

Per 1-SD

P trend

PUFA 22:5 (docosapentaenoic acid)® 1 0.94(0.88-1.01) | 0.91(0.85-0.99) | 0.95(0.88-1.01) | 0.99 (0.97-1.00) 0.115
PUFA 22:6 (docosahexaenoic acid)* 1 0.95(0.89-1.02) | 0.99 (0.93-1.06) | 1.04(0.98-1.11) = 1.02(1.01-1.02) <0.001
PUFA 22:6 (docosahexaenoic acid)® 1 0.97 (0.90-1.04) | 0.96 (0.89-1.03) | 0.91(0.85-0.98) 1.0 (0.99-1.00) 0.303

“The model was not adjusted for any covariates. "The model was adjusted for sex, age, BMI, race, education, physical activity, family income to poverty ratio, drinking status, smoking status,

energy, hypertension, diabetes, failing kidney, CVD, and cancer. *BMI, body mass index; CI, confidence interval; CVD: cardiovascular disease; HR, hazard ratio, MUFAs: monounsaturated

fatty acids; PUFAs: polyunsaturated fatty acids; SFAs: saturated fatty acids.

(95% CI: 0.85-0.98). The positive association between butyric acid,
caproic acid, palmitic acid, and stearic acid with overall mortality was
confirmed by the RCS model. Similarly, the negative association of
linoleic acid and linolenic acid with overall mortality was also
confirmed by the RCS model (Supplementary Figure S1).

Dietary fatty acids and cause-specific
mortality

The association between dietary fatty acids intake and mortality
specifically related to CCVD and cancer, estimated from competing risks
model, was presented in Table 3. We identified an association between
total PUFAs and CCVD-specific mortality at borderline statistical
significance. In contrast to the lowest quartile, the multivariable-adjusted
HRs were 0.89 (95% CI: 0.78-1.01) for the second quartile, 0.83 (95% CI:
0.73-0.95) for the third quartile, 0.89 (95% CI: 0.78-1.01) for the fourth
quartile. For individual subtypes of PUFAs, higher PUFA 18:2 (linoleic
acid) and PUFA 18:3 (linolenic acid), PUFA 18:4 (octadecatetraenoic
acid), PUFA 20:4 (eicosatetraenoic acid), PUFA 20:5 (eicosapentaenoic
acid), PUFA 22:5 (docosapentaenoic acid), and PUFA 22:6
(docosahexaenoic acid) intake might reduce the risk of CCVD-specific
mortality by 4 to 21%. No significant associations of total fat, total SFAs
and MUFAs with CCVD-specific mortality was found. Similarly, total
PUFAs was associated with cancer-specific mortality at borderline
statistical significance, with a multivariable-adjusted HRs of 0.88 (95%
CI: 0.76-1.02) for the second quartile, 0.85 (95% CI: 0.73-0.99) for the
third quartile, and 0.90 (95% CI: 0.78-1.05) for the fourth quartile.
Higher PUFA 18:2 (linoleic acid), PUFA 18:3 (linolenic acid) and PUFA
18:4 (octadecatetraenoic acid) intake might reduce the risk of cancer-
specific mortality by 5 to 27%.

When excluding participants with a history of comorbidities or
those who died within the first year of follow-up, we found that the
association was robust and remained similar (Supplementary Table S2).

Assessing the isocaloric substitution effect
of MUFAs and PUFAs for SFAs

Isocalorically replacing 5% energy from SFAs with equivalent
amount from MUFAs was linked to a 13% (HR = 0.87, 95% CI: 0.80-
0.94, p<0.001) lower risk of overall mortality. The isocaloric
substitution of 5% energy from MUFAs for SFAs was not significantly
linked to CCVD-specific mortality (HR = 0.94, 95% CI: 0.81-1.09,
p =0.419) and cancer-specific mortality (HR = 0.90, 95% CI: 0.76—
1.07, p = 0.234). Similarly, isocalorically replacing 5% energy from
SFAs with equivalent amount from PUFAs was linked to a 12%
(HR =0.88, 95% CI: 0.83-0.94, p <0.001) lower risk of overall
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mortality. The isocaloric substitution of 5% energy from PUFAs for
SFAs was not significantly linked to CCVD-specific mortality
(HR=0.95, 95% CI: 0.85-1.06, p=0.333) and cancer-specific
mortality (HR = 0.93, 95% CI: 0.82-1.06, p = 0.274).

Discussion

In this study, we revealed that increased consumption of total
SFAs was linked to a slight elevation in the risk of overall mortality,
whereas increased intake of total PUFAs was linked to a reduction in
risk of overall mortality. In addition, when the participant limited
total SFAs intake by replacing them with total MUFAs and PUFAs,
the risk of overall mortality might decrease.

Previous research has investigated the link between consumption
of dietary fat and mortality (9, 11, 20), and the finding highlighted
the complexity and diversity effect of dietary fat on health. Although
a cohort study derived from UK Biobank (9) included 195,658
participants reported a non-significant relationship between total fat
and overall mortality, a U-shaped tendency was shown in the
penalized cubic splines. A U-shaped pattern with the lowest risk of
death at 30-40% energy from total fat was reproduced in Korea
National Health and Nutrition Examination Survey (20) of 42,192
participants. Our finding echoed this pattern, indicating that total fat
exhibited a U-shaped relationship with overall mortality, albeit
lacking statistical significance. However, the PURE study (11)
conducted in 18 countries from five continents suggested that
reducing total fat intake could be detrimental with no safety threshold
for overall mortality. Regarding the association between total fat and
mortality specifically related to CCVD and cancer, our finding
aligned with the results presented by a meta-analysis of prospective
cohort studies (21), which also found no significant association
between total fat intake and mortality related to CVD and cancer.

When examining the health effects of dietary fat, it is important
to consider the components of dietary fat. We observed that total
SFAs consumption was mildly associated with an elevated risk of
overall mortality. This finding corroborated UK Biobank study (9)
that revealed a significant positive association between consumption
of total SFAs and overall mortality. However, the PURE study (11)
found an opposite result that consumption of total SFAs showed a
negative correlation with overall mortality. Therefore, the finding
from PURE study did not endorse the dietary guidelines advocating
for limiting total SFAs to less than 10% of energy. The divergent
findings across studies are likely not only attributed to the
inconsistency in demographic characteristics such as age and sex
among the study populations, but also to variations in the energy
from carbohydrates. Most participants from countries with low to
moderate income levels in the PURE study consumed more
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TABLE 3 Adjusted HRs and 95% Cls of cause-specific mortality according to quartiles of dietary fatty acids intake*.

Dietary fat acids

Total fat

Quartile 1

CCVD-specific mortality

Quartile 2

0.91 (0.79-1.04)

Quartile 3

0.95 (0.83-1.09)

Quartile 4

0.96 (0.84-1.10)

Quartile 1

Cancer-specific mortality

Quartile 2

0.86 (0.74-1.01)

Quartile 3

0.91 (0.78-1.06)

Quartile 4

1.01 (0.87-1.18)

Total SFAs

0.97 (0.85-1.11)

0.94 (0.81-1.08)

1.08 (0.94-1.23)

0.90 (0.77-1.05)

0.95 (0.82-1.11)

1.00 (0.86-1.16)

Total MUFAs

1.00 (0.88-1.15)

1.03 (0.90-1.18)

0.98 (0.85-1.12)

0.95 (0.81-1.11)

0.94 (0.81-1.10)

1.03 (0.88-1.20)

Total PUFAs

0.89 (0.78-1.01)

0.83 (0.73-0.95)

0.89 (0.78-1.01)

0.88 (0.76-1.02)

0.85 (0.73-0.99)

0.90 (0.78-1.05)

SFA 4:0 (butanoic acid)

0.91 (0.80-1.04)

0.94 (0.82-1.07)

0.93 (0.81-1.06)

0.94 (0.81-1.10)

0.90 (0.77-1.05)

1.03 (0.89-1.20)

SFA 6:0 (hexanoic acid)

0.92 (0.81-1.05)

0.96 (0.84-1.10)

0.92 (0.80-1.04)

0.93 (0.80-1.08)

0.88 (0.76-1.03)

1.02 (0.88-1.18)

SFA 8:0 (octanoic acid)

0.97 (0.85-1.11)

0.95 (0.83-1.08)

0.99 (0.87-1.12)

0.94 (0.81-1.09)

0.92 (0.79-1.08)

1.03 (0.88-1.19)

SFA 10:0 (decanoic acid)

1.03 (0.90-1.17)

0.95 (0.83-1.09)

0.99 (0.87-1.12)

0.98 (0.84-1.14)

0.99 (0.85-1.15)

0.96 (0.82-1.12)

SFA 12:0 (dodecanoic acid)

0.91 (0.79-1.03)

0.90 (0.79-1.03)

0.96 (0.84-1.09)

0.93 (0.80-1.09)

0.98 (0.84-1.14)

0.96 (0.83-1.12)

SFA 14:0 (tetradecanoic acid)

1.01 (0.89-1.15)

0.99 (0.86-1.13)

1.03 (0.90-1.17)

1.06 (0.92-1.24)

1.07 (0.92-1.25)

1.03 (0.89-1.21)

SFA 16:0 (hexadecanoic acid)

0.96 (0.84-1.09)

0.98 (0.85-1.12)

1.04 (0.91-1.19)

0.92 (0.79-1.07)

0.96 (0.82-1.12)

1.02 (0.88-1.19)

SFA 18:0 (octadecanoic acid)

0.95 (0.83-1.09)

1.01 (0.88-1.16)

1.04 (0.91-1.19)

0.92 (0.79-1.08)

1.02 (0.87-1.19)

1.06 (0.90-1.23)

MUFA 16:1 (hexadecenoic acid)

0.97 (0.84-1.11)

0.98 (0.86-1.12)

1.05 (0.92-1.20)

1.03 (0.88-1.20)

1.07 (0.91-1.25)

1.13 (0.97-1.31)

MUFA 18:1 (octadecenoic acid)

1.05 (0.92-1.21)

1.06 (0.93-1.22)

0.99 (0.87-1.14)

0.88 (0.75-1.03)

0.93 (0.80-1.09)

0.98 (0.84-1.14)

MUFA 20:1 (eicosenoic acid)

0.97 (0.86-1.10)

0.86 (0.75-0.98)

0.88 (0.77-1.00)

0.80 (0.70-0.93)

0.92 (0.79-1.06)

0.75 (0.64-0.88)

MUFA 22:1 (docosenoic acid)

0.93 (0.82-1.07)

0.89 (0.78-1.02)

0.99 (0.88-1.13)

0.88 (0.75-1.02)

0.93 (0.80-1.08)

0.91 (0.79-1.05)

PUFA 18:2 (octadecadienoic acid)

0.87 (0.77-0.99)

0.84 (0.74-0.96)

0.88 (0.77-1.00)

0.87 (0.75-1.01)

0.82 (0.71-0.96)

0.89 (0.76-1.04)

PUFA 18:3 (octadecatrienoic acid)

0.93 (0.82-1.06)

0.89 (0.78-1.02)

0.89 (0.77-1.01)

0.83 (0.72-0.97)

0.83 (0.71-0.96)

0.84 (0.72-0.98)

PUFA 18:4 (octadecatetraenoic acid)

0.79 (0.59-1.06)

0.82 (0.72-0.94)

0.92 (0.82-1.04)

0.73 (0.53-1.01)

0.76 (0.65-0.89)

0.95 (0.83-1.09)

PUFA 20:4 (eicosatetraenoic acid)

0.81 (0.71-0.93)

0.90 (0.79-1.02)

0.87 (0.76-0.99)

1.03 (0.89-1.20)

1.03 (0.88-1.20)

1.13 (0.97-1.32)

PUFA 20:5 (eicosapentaenoic acid)

0.86 (0.76-0.98)

0.82 (0.72-0.94)

0.90 (0.79-1.01)

0.88 (0.75-1.03)

0.92 (0.79-1.07)

1.02 (0.89-1.18)

PUFA 22:5 (docosapentaenoic acid)

1

0.83 (0.73-0.95)

0.86 (0.76-0.99)

0.96 (0.85-1.09)

1

0.95 (0.82-1.10)

0.89 (0.76-1.04)

0.98 (0.84-1.13)

PUFA 22:6 (docosahexaenoic acid)

1

0.90 (0.78-1.03)

0.91 (0.80-1.04)

0.93 (0.82-1.06)

1

1.03 (0.88-1.21)

1.10 (0.94-1.28)

1.10 (0.94-1.28)

*The model was adjusted for sex, age, BMI, race, education, physical activity, family income to poverty ratio, drinking status, smoking status, energy, hypertension, diabetes, failing kidney, CVD, and cancer.
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carbohydrate than those in UK Biobank study, with the estimated
proportion of energy intake from carbohydrate decreasing from 61
to 50%. A cohort study showed a U-shape pattern between
carbohydrate consumption and mortality, indicating that both
reduced and elevated consumption of carbohydrate were linked to a
higher risk of mortality compared to moderate carbohydrate
consumption (22). Given that higher carbohydrate intake was linked
to an increased risk of mortality (20, 22), the available evidence
suggested that substituting carbohydrate with fat or protein might
reduce risk of mortality (11, 22). Consuming more carbohydrate
could compress the fat intake, resulting in a relatively narrower range
of fat intake. The inverse relationship between total SFAs and overall
mortality in PURE study was an artifact caused by left truncation,
concealing a U-shaped pattern.

We did not identify a significant correlation between MUFAs and
overall mortality, while ingesting total PUFAs was linked to a reduced
risk of overall mortality. Previous cohort studies reported a similar
association between intake of total PUFAs and the risk of overall
mortality (3, 10-12, 23). Additionally, several cohort studies have
confirmed that higher plasma PUFAs levels were also linked to a
reduced risk of overall mortality (24, 25). In this study, we explored
the association between each type of PUFAs and mortality. Both the
quartile Cox model and the RCS Cox model indicated a negative
association of linoleic acid and linolenic acid with overall mortality.
Furthermore, we found that total PUFAs might be linked to a reduced
risk of CCVD-and cancer-specific mortality, consistent with results
from cohort studies and meta-analyses (21, 23). Although the
underlying molecular mechanisms are still unclear, lipid metabolism
and inflammatory might been implicated. On the one hand, abnormal
lipid metabolism links dietary fat to the onset of multiple chronic
diseases. Linolenic acid, the precursor of the omega-3 fatty acids, and
linoleic acid, the precursor of the omega-6 fatty acids, are essential
fatty acids. Linolenic acid is widely recognized for possessing the
capability to lower plasma concentrations of triglycerides (TG) and
low-density lipoproteins cholesterol (LDL-C) (26). Several studies
have shown that SFAs were responsible for increasing plasma
low-density lipoproteins cholesterol (LDL-C) concentrations, and
replacing SFAs with MUFAs and PUFAs might lead to a decrease in
TC and LDL-C concentration, reducing the risk of CVD events and
CVD-related deaths (27-29). Although the relationship between
linoleic acid and lipid metabolism remains unclear, meta-analyses
showed that linoleic acid reduced plasma cholesterol (30) and lowed
the risk of CVD events and related deaths (31). On the other hand,
omega-3 fatty acids have anti-inflammatory effects via suppressing
nuclear factor kappa B (NFxB) and stimulating peroxisome
proliferator-activated receptors (PPARs) (32). This anti-inflammatory
effect of omega-3 fatty acids might contribute to lowering death via
reducing inflammation-driven chronic diseases including CVD and
cancer (21). Despite the potential for increased inflammation with
higher omega-6 fatty acids intake, existing research does not support
a direct link between inflammation and omega-6 fatty acids
consumption (29).

Therefore, a substitution analysis was carried out to mimic the
impact of altering dietary components. We found that the isocaloric
substitutions of total MUFAs and PUFAs for total SFAs was linked to
areduced risk of overall mortality. Potential benefits of replacing SFA
with MUFAs and PUFAs have been reported in some cohort studies
(12, 23). Collectively, these findings indicated that increasing
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consumption of MUFAs-or PUFAs-rich foods yield a bounty of
health benefits.

The research faced numerous limitations. First, the potential effect
of reverse causation on the findings could not be discounted, as
individuals with chronic illnesses might alter their dietary patterns.
However, the findings were substantially consistent after excluding
participants who either had pre-existing comorbidities or died within
the initial year of follow-up. Second, dietary information was collected
using the 24-h dietary recall method at baseline. While this method may
introduce recall bias and may not fully capture long-term dietary
patterns, it remains a cost-effective and low-burden tool for gathering
dietary data in nutritional epidemiology. Third, despite controlling for
several covariates, residual confounding from unmeasured factors could
still influence the interpretation of the results. Fourth, the relatively
small number of deaths from CCVD and cancer during the 9.91 years
of average follow-up limited the statistical power of the study.

In conclude, consuming higher SFAs was linked to a greater risk
of overall mortality. Conversely, a higher intake of PUFAs was linked
to a reduced risk of overall mortality. Furthermore, replacing SFAs
with MUFAs and PUFAs resulted in a substantial decrease in the risk
of overall mortality. To translate these findings into practical
recommendations, public health strategies should encourage
individuals to replace foods high in SFAs with those rich in MUFAs
and PUFAs, particularly omega-3 fatty acids. Such dietary
modifications could be an effective approach to improving long-term
health outcomes at the population level.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found at: https://wwwn.cdc.gov/nchs/nhanes/
Default.aspx.

Ethics statement

The studies involving humans were approved by Ethics review
board of the National Center for Health Statistics. The studies were
conducted in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study.

Author contributions

ZZ: Writing - original draft. LD: Software, Writing — review &
editing. YL: Writing - review & editing. HY: Writing - review &
editing. YZ: Writing - original draft, Writing - review & editing.
Funding

The author(s) declare that financial support was received for the

research, authorship, and/or publication of this article. This work was
supported by the Natural Science Fund of the Education Department

frontiersin.org


https://doi.org/10.3389/fnut.2025.1468513
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://wwwn.cdc.gov/nchs/nhanes/Default.aspx
https://wwwn.cdc.gov/nchs/nhanes/Default.aspx

Zhang et al.

of Anhui Province (2024AH051939) and the Fund of Wannan Medical
College (WYRCQD2023020, WK2024SZD10).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

References

1. White B. Dietary fatty acids. Am Fam Physician. (2009) 80:345-50.

2. Forouhi NG, Krauss RM, Taubes G, Willett W. Dietary fat and cardiometabolic
health: evidence, controversies, and consensus for guidance. BMJ. (2018) 361:k2139. doi:
10.1136/bmj.k2139

3. Guasch-Ferre M, Babio N, Martinez-Gonzalez MA, Corella D, Ros E, Martin-
Pelaez S, et al. Dietary fat intake and risk of cardiovascular disease and all-cause
mortality in a population at high risk of cardiovascular disease. Am J Clin Nutr. (2015)
102:1563-73. doi: 10.3945/ajcn.115.116046

4. Zong G, Li Y, Wanders AJ, Alssema M, Zock PL, Willett WC, et al. Intake of
individual saturated fatty acids and risk of coronary heart disease in US men and
women: two prospective longitudinal cohort studies. BMJ. (2016) 355:i5796. doi:
10.1136/bm;j.i5796

5. Siri-Tarino PW, Sun Q, Hu FB, Krauss RM. Meta-analysis of prospective cohort
studies evaluating the association of saturated fat with cardiovascular disease. Am J Clin
Nutr. (2010) 91:535-46. doi: 10.3945/2jcn.2009.27725

6. Zhu Y, Bo Y, Liu Y. Dietary total fat, fatty acids intake, and risk of cardiovascular
disease: a dose-response meta-analysis of cohort studies. Lipids Health Dis. (2019) 18:91.
doi: 10.1186/512944-019-1035-2

7. Praagman J, Beulens JW, Alssema M, Zock PL, Wanders AJ, Sluijs I, et al. The
association between dietary saturated fatty acids and ischemic heart disease depends on
the type and source of fatty acid in the European prospective investigation into Cancer
and nutrition-Netherlands cohort. Am ] Clin Nutr. (2016) 103:356-65. doi:
10.3945/ajcn.115.122671

8. de Oliveira Otto MC, Mozaffarian D, Kromhout D, Bertoni AG, Sibley CT, Jacobs
DR Jr, et al. Dietary intake of saturated fat by food source and incident cardiovascular
disease: the multi-ethnic study of atherosclerosis. Am J Clin Nutr. (2012) 96:397-404.
doi: 10.3945/ajcn.112.037770

9. Ho FK, Gray SR, Welsh P, Petermann-Rocha F, Foster H, Waddell H, et al.
Associations of fat and carbohydrate intake with cardiovascular disease and mortality:
prospective cohort study of UK biobank participants. BMJ. (2020) 368:m688. doi:
10.1136/bm;j.m688

10. Ricci C, Baumgartner J, Zec M, Kruger HS, Smuts CM. Type of dietary fat intakes
in relation to all-cause and cause-specific mortality in US adults: an ISO-energetic
substitution analysis from the American National Health and nutrition examination
survey linked to the US mortality registry. Br J Nutr. (2018) 119:456-63. doi:
10.1017/S0007114517003889

11. Dehghan M, Mente A, Zhang X, Swaminathan S, Li W, Mohan V, et al. Associations
of fats and carbohydrate intake with cardiovascular disease and mortality in 18 countries
from five continents (PURE): a prospective cohort study. Lancet. (2017) 390:2050-62.
doi: 10.1016/50140-6736(17)32252-3

12.Jiao J, Liu G, Shin HJ, Hu FB, Rimm EB, Rexrode KM, et al. Dietary fats and
mortality among patients with type 2 diabetes: analysis in two population based cohort
studies. BMJ. (2019) 366:14009. doi: 10.1136/bmj.14009

13. Hooper L, Martin N, Jimoh OF, Kirk C, Foster E, Abdelhamid AS. Reduction in
saturated fat intake for cardiovascular disease. Cochrane Database Syst Rev. (2020)
2020:CD011737. doi: 10.1002/14651858.CD011737.pub3

14. Mozaffarian D, Micha R, Wallace S. Effects on coronary heart disease of increasing
polyunsaturated fat in place of saturated fat: a systematic review and meta-
analysis of randomized controlled trials. PLoS Med. (2010) 7:¢1000252. doi:
10.1371/journal.pmed.1000252

15. Lichtenstein AH. Dietary fat and cardiovascular disease: ebb and flow over the last
half century. Adv Nutr. (2019) 10:S332-9. doi: 10.1093/advances/nmz024

Frontiers in Nutrition

10

10.3389/fnut.2025.1468513

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or claim
that may be made by its manufacturer, is not guaranteed or endorsed
by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fnut.2025.1468513/
full#supplementary-material

16. Willett WC, Howe GR, Kushi LH. Adjustment for total energy intake in
epidemiologic studies. Am J Clin Nutr. (1997) 65:1220S-8S. doi: 10.1093/ajcn/65.4.1220S

17. Gauthier J, Wu QV, Gooley TA. Cubic splines to model relationships between
continuous variables and outcomes: a guide for clinicians. Bone Marrow Transplant.
(2020) 55:675-80. doi: 10.1038/541409-019-0679-x

18. Kahan BC, Rushton H, Morris TP, Daniel RM. A comparison of methods to adjust
for continuous covariates in the analysis of randomised trials. BMC Med Res Methodol.
(2016) 16:42. doi: 10.1186/s12874-016-0141-3

19. Song M, Giovannucci E. Substitution analysis in nutritional epidemiology:
proceed with caution. Eur ] Epidemiol. (2018) 33:137-40. doi: 10.1007/s10654-018-0371-2

20. Kwon Y], Lee HS, Park JY, Lee JW. Associating intake proportion of carbohydrate,
fat, and protein with all-cause mortality in Korean adults. Nutrients. (2020) 12:12. doi:
10.3390/nu12103208

21.Kim Y, Je Y, Giovannucci EL. Association between dietary fat intake and mortality
from all-causes, cardiovascular disease, and cancer: a systematic review and meta-
analysis of prospective cohort studies. Clin Nutr. (2021) 40:1060-70. doi:
10.1016/j.cInu.2020.07.007

22. Seidelmann SB, Claggett B, Cheng S, Henglin M, Shah A, Steffen LM, et al. Dietary
carbohydrate intake and mortality: a prospective cohort study and meta-analysis. Lancet
Public Health. (2018) 3:e419-28. doi: 10.1016/52468-2667(18)30135-X

23. Zhuang P, Zhang Y, He W, Chen X, Chen ], He L, et al. Dietary fats in relation to Total
and cause-specific mortality in a prospective cohort of 521 120 individuals with 16 years of
follow-up. Circ Res. (2019) 124:757-68. doi: 10.1161/CIRCRESAHA.118.314038

24. Wu JH, Lemaitre RN, King IB, Song X, Psaty BM, Siscovick DS, et al. Circulating
omega-6 polyunsaturated fatty acids and total and cause-specific mortality:
the cardiovascular health study. Circulation. (2014) 130:1245-53. doi:
10.1161/CIRCULATIONAHA.114.011590

25. Mozaffarian D, Lemaitre RN, King IB, Song X, Huang H, Sacks FM, et al. Plasma
phospholipid long-chain omega-3 fatty acids and total and cause-specific mortality in
older adults: a cohort study. Ann Intern Med. (2013) 158:515-25. doi:
10.7326/0003-4819-158-7-201304020-00003

26. Bertoni C, Abodi M, D'Oria V, Milani GP, Agostoni C, Mazzocchi A. Alpha-
linolenic acid and cardiovascular events: a narrative review. Int ] Mol Sci. (2023) 24:24.
doi: 10.3390/ijms241814319

27.Lamarche B, Couture P. Dietary fatty acids, dietary patterns, and lipoprotein
metabolism. Curr Opin Lipidol. (2015) 26:42-7. doi: 10.1097/MOL.0000000000000139

28.Siri-Tarino PW, Chiu S, Bergeron N, Krauss RM. Saturated fats versus
polyunsaturated fats versus carbohydrates for cardiovascular disease prevention and
treatment. Annu Rev Nutr. (2015) 35:517-43. doi: 10.1146/annurev-nutr-071714-034449

29.Maki KC, Eren E Cassens ME, Dicklin MR, Davidson MH. Omega-6
polyunsaturated fatty acids and Cardiometabolic health: current evidence, controversies,
and research gaps. Adv Nutr. (2018) 9:688-700. doi: 10.1093/advances/nmy038

30. Hooper L, Al-Khudairy L, Abdelhamid AS, Rees K, Brainard JS, Brown TJ, et al.
Omega-6 fats for the primary and secondary prevention of cardiovascular disease. Cochrane
Database Syst Rev. (2018) 2018:CD011094. doi: 10.1002/14651858.CD011094.pub4

31. Marklund M, Wu JHY, Imamura E Del Gobbo LC, Fretts A, de Goede J, et al.
Biomarkers of dietary Omega-6 fatty acids and incident cardiovascular disease and
mortality. Circulation. (2019) 139:2422-36. doi: 10.1161/CIRCULATIONAHA.118.038908

32. Wu JHY, Micha R, Mozaffarian D. Dietary fats and cardiometabolic disease:
mechanisms and effects on risk factors and outcomes. Nat Rev Cardiol. (2019)
16:581-601. doi: 10.1038/s41569-019-0206-1

frontiersin.org


https://doi.org/10.3389/fnut.2025.1468513
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2025.1468513/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2025.1468513/full#supplementary-material
https://doi.org/10.1136/bmj.k2139
https://doi.org/10.3945/ajcn.115.116046
https://doi.org/10.1136/bmj.i5796
https://doi.org/10.3945/ajcn.2009.27725
https://doi.org/10.1186/s12944-019-1035-2
https://doi.org/10.3945/ajcn.115.122671
https://doi.org/10.3945/ajcn.112.037770
https://doi.org/10.1136/bmj.m688
https://doi.org/10.1017/S0007114517003889
https://doi.org/10.1016/S0140-6736(17)32252-3
https://doi.org/10.1136/bmj.l4009
https://doi.org/10.1002/14651858.CD011737.pub3
https://doi.org/10.1371/journal.pmed.1000252
https://doi.org/10.1093/advances/nmz024
https://doi.org/10.1093/ajcn/65.4.1220S
https://doi.org/10.1038/s41409-019-0679-x
https://doi.org/10.1186/s12874-016-0141-3
https://doi.org/10.1007/s10654-018-0371-2
https://doi.org/10.3390/nu12103208
https://doi.org/10.1016/j.clnu.2020.07.007
https://doi.org/10.1016/S2468-2667(18)30135-X
https://doi.org/10.1161/CIRCRESAHA.118.314038
https://doi.org/10.1161/CIRCULATIONAHA.114.011590
https://doi.org/10.7326/0003-4819-158-7-201304020-00003
https://doi.org/10.3390/ijms241814319
https://doi.org/10.1097/MOL.0000000000000139
https://doi.org/10.1146/annurev-nutr-071714-034449
https://doi.org/10.1093/advances/nmy038
https://doi.org/10.1002/14651858.CD011094.pub4
https://doi.org/10.1161/CIRCULATIONAHA.118.038908
https://doi.org/10.1038/s41569-019-0206-1

	The association of dietary fatty acids intake with overall and cause-specific mortality: a prospective cohort study from 1999–2018 cycles of the NHANES
	Introduction
	Methods and materials
	Study population
	Assessments of dietary fatty acids
	Ascertainments of demographic and lifestyle factors
	Ascertainments of deaths
	Statistical analysis

	Results
	Population characteristics
	Dietary fatty acids and overall mortality
	Dietary fatty acids and cause-specific mortality
	Assessing the isocaloric substitution effect of MUFAs and PUFAs for SFAs

	Discussion

	References

