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Background & aims: The association between dietary fat and mortality remains inconsistent, and recent
results for the association between dietary saturated fat and chronic disease are controversial. To
quantitatively assess this association, we conducted a meta-analysis of prospective cohort studies.
Methods: The PubMed and Web of Science were searched up to February 2020. A random effects model
was used.
Results: Nineteen studies including 1,013,273participants and 195,515deaths were identified. Significant
inverse associations between all-cause mortality and a 5% energy increment in intakes of total
(RR ¼ 0.99; 95% CI:0.98e1.00), monounsaturated (RR ¼ 0.98; 95% CI:0.97e0.99), and polyunsaturated fat
(RR ¼ 0.93; 95% CI:0.89e0.97) were found. A 5% increase in energy from polyunsaturated fat was
associated with 5% (RR ¼ 0.95; 95% CI:0.91e0.98) and 4% (RR ¼ 0.96; 95% CI:0.94e0.99) lower mortality
from CVD and cancer, respectively. A 1% energy increment in dietary trans-fat was associated with 6%
higher risk of mortality from all-causes (RR ¼ 1.06; 95% CI:1.01e1.10) and CVD (RR ¼ 1.06; 95% CI:1.02
e1.11). We found a non-linear association between dietary saturated fat and all-cause mortality showing
a significant increased risk up to 11% of energy from saturated fat intake. The risk of cancer mortality
increased by 4% for every 5% increase in energy from saturated fat (RR ¼ 1.04; 95% CI:1.02e1.06).
Conclusions: Diets high in saturated fat were associated with higher mortality from all-causes, CVD, and
cancer, whereas diets high in polyunsaturated fat were associated with lower mortality from all-causes,
CVD, and cancer. Diets high in trans-fat were associated with higher mortality from all-causes and CVD.
Diets high in monounsaturated fat were associated with lower all-cause mortality.

© 2020 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Introduction

Dietary fats are mostly made up of triacylglycerols comprising a
glycerol backbone linked to three independent fatty acids by an
ester bond [1,2]. There are various kinds of fatty acids depending on
the number and position of the double bonds they have, and this
diversity of structure may indicate different biological effects on
human health [2]. Traditionally, high dietary fat consumption has
been considered detrimental to the health, and the current dietary
utrition, Kyung Hee Univer-
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for Clinical Nutrition and Metabo
guidelines generally recommend avoiding a high fat diet and
encourage low intake of saturated fat in particular [3e5]. However,
recently, several meta-analyses from prospective cohort studies
and randomized controlled trials found no significant association
between intakes of saturated fat and health outcomes including
cardiovascular disease (CVD) [6e8], diabetes [7], and cancer [9].

Many prospective cohort studies have examined the association
between dietary fat intake and mortality from all-causes, CVD, and
cancer [10e27]. Among the studies, one study for population in 18
countries from 5 continents found lower all-cause mortality in
people with high intake of total fat, monounsaturated fat, poly-
unsaturated fat, and saturated fat [19], and another study reported
a positive association between trans-fat intake and all-cause mor-
tality [15]. The other studies observed different associations by type
lism. All rights reserved.
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of fatty acids [10,14,16e18,20,26,27] or found no significant asso-
ciation between dietary fat intake and mortality [11e13,21e25].
There is a discrepancy between current dietary guidelines and
recent findings indicating no association between dietary saturated
fat and risk of chronic diseases. Furthermore, to our knowledge, the
association between dietary fat intake and mortality has not been
comprehensively reviewed despite the inconsistency among pre-
vious results.

Therefore, to further understand the association of dietary fat
intake on risk of mortality and quantitatively assess the association
by various types of fatty acids intake, we performed a systematic
review and meta-analysis of the association between intakes of
total fat, saturated fat, monounsaturated fat, polyunsaturated fat,
and trans-fat and mortality from all-causes, CVD, and cancers.

2. Methods

2.1. Data sources and searches

Studies published from inception to February 2020 as full-
length articles and written in English were searched through
electronic databases PubMed and ISI Web of Science. The
computer-based search included combinations of following key-
words: “(fat intake OR dietary fatty acids) AND (mortality OR death
OR survival OR fatal).” The search was supplemented by hand-
searching of reference lists of all retrieved articles and reviews to
identify additional eligible studies.

2.2. Study selection

Observational studies were included in this meta-analysis if
they: 1) were prospective in design; 2) reported the exposure of
interest as intake of dietary fat and fatty acids; 3) reported the
outcome of interest as mortality from all-causes, CVD, or cancer; 4)
provided relative risks (RR) and the corresponding confidence in-
tervals (CI) or sufficient data to calculate them. We did not include
the studies which reported exposure as omega-3 polyunsaturated
fatty acids only, because two recent meta-analyses completely
examined the association between consumption of omega-3
polyunsaturated fatty acids and all-cause mortality [28,29].
Studies that evaluated risk of mortality in participants with pre-
existing disease at baseline were excluded. If more than one study
was from the same cohort, we included the study with more sub-
jects or longer follow-up times.

2.3. Data extraction and quality assessment

In accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement [30], two authors
(Y.K. and Y.J.) independently extracted data on study characteristics.
Any disagreements were addressed by checking the original reports
and discussion. We extracted the following information from each
study: study name, number of patients and deaths, country name
or geographical region, the last name of first author, publication
year, study period or follow-up time, baseline age, categories of fat
intake, RRs and 95% CIs for the association between each fat intake
category and mortality, and adjustment factors. For studies
reporting several RRs, the RR maximally adjusted for confounding
variables was included in the meta-analysis. We considered one
publication as two prospective cohort studies, if it reported pooled
RRs from two different cohorts [18,21]. When two individual arti-
cles [21,25] provided the results for polyunsaturated fatty acids and
saturated fatty acids from the same cohort, respectively, we coun-
ted these as one study and the results were separately included in
the relevant analyses.
We used the NewcastleeOttawa quality assessment scale [31] to
assess the quality of the studies included in meta-analysis. The
quality of each study was independently assessed by two authors
(Y.K. and Y.J.) for the three domains: selection of subjects, compa-
rability of cohorts, and ascertainment of outcomes of interest.
Studies that scored 10 or higher (out of 13) were considered high-
quality. We considered a study with scores of 7e9 and a score of 6
or less as possessing good and low quality, respectively.

2.4. Data synthesis and analysis

We calculated pooled RRs of mortality from all-causes, CVD, and
cancer for the highest versus the lowest level of total, saturated,
monounsaturated, polyunsaturated, and trans-fat intake using the
DerSimonian and Laird random effects models [32], which takes
into account both within- and between-study variations. Linear
doseeresponse analyses using the method by Greenland and
Longnecker [33e35] were conducted to compute study specific
slopes across categories of fat intake. We used the median value
reported in the original article for each category of fat intake. When
a study used units of fat intake not as % of total energy intake but as
grams per day, we converted the units into % of energy considering
that fat provides nine calories per gram [11,12,21,27]. We also
assessed a potential non-linear doseeresponse association be-
tween fat intake and mortality using restricted cubic splines with 3
knots at fixed percentiles (10%, 50%, and 90%) of the aggregated
exposure [36]. The P value for non-linearity was obtained by testing
the null hypothesis in which the regression coefficient of the sec-
ond spline is equal to zero. To examine whether the association
between dietary fat and all-cause mortality varied by sex,
geographical region (US/Europe/Asia), type of dietary assessment
(food frequency questionnaire or food record/24-h recall) and
adjustment for other types of fat intake or serum lipids (yes/no), we
conducted a subgroup analysis when data were available.

Statistical heterogeneity between studies was evaluated with
the Q statistic [37] and inconsistency was quantified by I2 statistic
[38]. Sensitivity analyses in which we eliminated one study at a
time from each analysis were performed to assess the robustness of
the findings. Publication bias was examined through Begg's [39]
and Egger's [40] tests. A two-tailed P value of <0.05 was considered
statistically significant. Stata version 14.2 software (StataCorp, TX,
USA) was used for all statistical analyses.

3. Results

3.1. Study characteristics

A total of 19 prospective cohort studies [10e27] including
1,013,273 participants and 195,515 deaths were included in the
current meta-analysis. The detailed process used to select pro-
spective cohort studies for a meta-analysis of the association be-
tween dietary fat intake and mortality is shown in Supplementary
Fig. 1. Table 1 presents the general characteristics of the included
studies for the current meta-analysis. By geographic region, 9
studies were from the US [12,15,18,20e23,26], 5 were from Europe
[10,11,13,17,24] 4 were from Asia [14,16,21,25], and one study from
multi-continent including 18 countries [19]. The follow-up dura-
tions of studies ranged from 6 years to 32 years, and a median
follow-up time was 13.2 years. The study populations were all
adults aged >20 years at baseline. To measure dietary fat intake, 11
studies used food frequency questionnaire [11,13e19,26,27] 5
studies used 24-h recall [20e23,25], 2 studies used food record
[12,24], and 1 study used both questionnaire and food record [10].
All studies except one [11], which targeted for elderly population
(65e84 years), adjusted for age. Most of the studies controlled for



Table 1
Characteristics of studies included in the meta-analysis on dietary fat intake and mortality from all-causes, CVD, and cancer.

First author, year Country Cohort name Follow-up
period

Age at
baseline

Study size Dietary fat Cause of
death

Adjustment for covariates

Participants No. of
death

Leosdottir, 2005 Sweden The Malm€o Diet and Cancer
Study

6.6 years 47-78 y 28,098 1250 Total fat
Saturated fat
Monounsaturated fat
Polyunsaturated fat

All-causes
CVD
Cancer

Age, alcohol consumption, smoking, social class, marital
status, physical activity, BMI, fibre intake. Fat intake were
mutually adjusted for intake of remaining fat. Adjustments
were made for total fat intake for the ratio between
unsaturated and saturated fats.

Solfrizzi, 2005 Italy Italian Longitudinal Study on
Aging

8.5 years 65e84 y 278 91 Total fat
Saturated fat
Monounsaturated fat
Polyunsaturated fat

All-causes e

Tucker, 2005 US Baltimore Longitudinal Study of
Aging

18 years 34-80 y 501 71 Saturated fat All-causes
CVD

Age, total energy intake, BMI, smoking, alcohol use, physical
activity score, supplement use, fruit and vegetables intake,
secular trend (year of first visit before vs. after 1980)

Akbaraly, 2011 UK Whitehall
II cohort

17.7 years 39e63 y 7319 534 trans-fat All-causes
CVD

Age, sex, ethnicity, occupational grade, marital status,
smoking status, total energy intake, physical activity, BMI
categories, prevalent CVD, type 2 diabetes, hypertension,
dyslipidemia, metabolic syndrome, and inflammatory
markers

Nagata, 2012 Japan The Takayama Study 16 years �35 y 28,356 4616 Total fat
Saturated fat
Monounsaturated fat
Polyunsaturated fat

All-causes
CVD
Cancer

Age, nonalcohol energy, and protein expressed as
percentage of nonalcohol energy, height, BMI, physical
activity, smoking status, alcohol intake, education, marital
status, histories of diabetes and hypertension, and intakes of
fruits, vegetables, and dietary fiber, percent energy from
carbohydrate in foods remaining than rice. Fat intake were
mutually adjusted for intake of remaining fat.

Kiage, 2013 US Reasons for Geographic and
Racial
Differences in Stroke study

7 years �45 y 18,513 1572 trans-fat All-causes Age, sex, smoking status, race, region, alcohol use,
education, waist circumference, level of physical activity,
diabetes, coronary heart disease, hypertension, stroke, heart
failure, chronic kidney disease, statin use, total energy
intake, and energy-adjusted intakes of saturated,
monounsaturated, and polyunsaturated fat, proteins, and
carbohydrates.

Wakai, 2014 Japan Japan Collaborative Cohort 19.3 years 40-79 y 58,672 11,656 Total fat
Saturated fat
Monounsaturated fat
Polyunsaturated fat

All-causes
CVD
Cancer

Age, area, education, smoking, alcohol consumption, BMI,
sleep duration, walking, consumption of vegetables and
fruit, and total energy intake.

Guasch-Ferr�e, 2015 Spain PREvenci�on con DIeta
MEDiterr�anea (PREDIMED)
study

6 years 55-80 y 7038 414 Total fat
Saturated fat
Monounsaturated fat
Polyunsaturated fat trans-fat

All-causes Age, sex, intervention group, total energy intake (kcal/d),
alcohol intake, updated quintiles of fiber, protein intake,
dietary cholesterol for the total fat analysis, BMI, smoking
status, educational level, leisure-time physical activity,
baseline diabetes, hypertension, hypercholesterolemia,
family history of coronary heart disease, use of
antihypertensive medication, use of oral antidiabetic
agents, use of lipid-lowering drugs. Fat intake were
mutually adjusted for intake of remaining fat.

Wang, 2016 US Nurses' Health Study 32 years 30-55 y 83,349 33,304 Total fat
Saturated fat
Monounsaturated fat
Polyunsaturated fat trans-fat

All-causes
CVD
Cancer

Age, white race, marital status, BMI, physical activity,
smoking status, alcohol consumption, multivitamin use,
vitamin E supplement use, current aspirin use, family
history of myocardial infarction, family history of diabetes
and cancer, history of hypertension and
hypercholesterolemia, intakes of total energy and dietary
cholesterol, percentage of energy intake from dietary
protein, and menopausal status and hormone use in
women. All models, except total fat intake, also included
percentages of energy intake from remaining fatty acids

Health
Professionals Follow-up Study

26 years 40-75 y 42,884

Y.K
im

et
al./

Clinical
N
utrition

40
(2021)

1060
e
1070

1062



(saturated, polyunsaturated, and monounsaturated and
trans-fatty acids, all in quintiles).

Dehghan, 2017 Multicontinent The Prospective Urban Rural
Epidemiology (PURE) study

7.4 years 35e70 y 135,335 5796 Total fat
Saturated fat
Monounsaturated fat
Polyunsaturated fat

All-causes
CVD

Age, sex, education, waist-to-hip ratio, smoking, physical
activity, diabetes, urban or rural location, and energy intake.

Ricci, 2018 US American National
Health and Nutrition
Examination Survey

6.1 years �30 y 18,372 1118 Saturated fat
Monounsaturated fat
Polyunsaturated fat

All-causes
CVD
Cancer

Age, sex, ethnicity, BMI, alcohol intake, smoking status,
education, sedentariness, fibre intake, blood pressure

Zhuang, 2018 China China Health and Nutrition
Survey

14 years 38.8 y 14,117 1007 Polyunsaturated fat All-causes Age, sex, BMI, education, marital status, residence, physical
activity, smoking, alcohol drinking status, history of
hypertension, history of diabetes, intake of total energy,
vegetables, fruits, red meat and saturated fat.

US National Health and Nutrition
Examination Survey

9.1 years 43.8 y 36,032 4826 Polyunsaturated fat All-causes Age, sex, race-ethnicity, BMI, education, marital status,
physical activity, smoking, alcohol drinking status, history
of hypertension, history of diabetes, family history of
cardiovascular disease, intake of total energy, vegetables,
fruits, red meat and saturated fat.

Zhuang, 2019, a China China Health and Nutrition
Survey

14 years >20 y 14,383 1011 Saturated fat All-causes Age, quartiles of income, educational level, marital status,
residence, location, physical activity, smoking status,
alcohol intake, intake of total energy, percentage of energy
from dietary protein, monounsaturated fat polyunsaturated
fat, and remaining unmeasured or unknown fatty acids, BMI

Zhuang, 2019, b US National Institutes of Health
eAmerican Association of
Retired Persons Diet and Health
Study

16 years 50-71 y 521,120 129,328 Saturated fat
Monounsaturated fat
Polyunsaturated fat trans-fat

All-causes
CVD
Cancer

Age, sex, BMI, race, education, marital status, household
income, smoking, alcohol, physical activity, history of
hypertension and hypercholesterolemia, perceived health
condition, history of heart disease, stroke, diabetes mellitus,
and cancer at baseline, multi-vitamin use, aspirin use,
hormones use for women. intake of total energy,
percentages of energy intake from protein, Fat intake were
mutually adjusted for intake of remaining fat.

Esrey, 1996 US Lipid Research Clinics
Prevalence Follow-Up Study

12.4 years 30-79 y 4546 90 Total fat
Saturated fat
Monounsaturated fat
Polyunsaturated fat

CVD Age, sex, energy intake, serum lipids, systolic blood
pressure, cigarette smoking status, BMI, glucose intolerance.

Pietinen, 1997 Finland The Alpha-Tocopherol, Beta-
Carotene Cancer Prevention
Study

6.1 years 50-69 y 21,930 635 Total fat
Saturated fat
Monounsaturated fat
Polyunsaturated fat trans-fat

CVD Age, smoking, BMI, blood pressure, intakes of energy,
alcohol, and fiber (quintiles), education, physical activity

Xu, 2006 US Strong Heart Study 7.2 years 47e79 y 2938 138 Total fat
Saturated fat
Monounsaturated fat
Polyunsaturated fat trans-fat

CVD Age, sex, study center, diabetes status, BMI, HDL, LDL,
triacylglycerol (log-transformed), smoking, alcohol
consumption, hypertension, percentage of energy from
protein, and total energy intake.

Virtanen, 2014 Finland The Kuopio Ischemic Heart
Disease Risk Factor Study

21.4 years 42-60 y 1981 183 Total fat
Saturated fat
Monounsaturated fat
Polyunsaturated fat trans-fat

CVD Age, examination year, energy intake, BMI, diabetes
mellitus, hypertension, family history of coronary heart
disease, pack-years of smoking, education, leisure-time
physical activity, intakes of alcohol and fiber, percentage of
energy from protein, Fat intake were mutually adjusted for
intake of remaining fat.

CVD, cardiovascular disease; BMI, body mass index; HDL, high density lipoprotein; LDL, low density lipoprotein.
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potential confounders including smoking (n ¼ 17) [10,12e27], BMI
(n ¼ 15) [10,12e14,16e18,20e27], alcohol consumption (n ¼ 14)
[10,12,14e18,20,21,23e27], and physical activity (n ¼ 15)
[10,12e19,21,24e27]. The results of the quality assessment showed
a mean quality assessment score of 10.3, ranging from 7 to 12.
3.2. Total fat

Eight prospective cohort studies including 57,127 deaths and
384,010 subjects examined the association between dietary total
fat and all-cause mortality [10,11,14,16e19]. The pooled RR for
highest versus lowest levels of total fat intake was 0.89 (95% CI:
0.81e0.99, I2 ¼ 82.3%, Pheterogeneity<0.001) (Table 2, Supplementary
Fig. 2A). The heterogeneity was slightly decreased when two
studies from Japan [14,16] were excluded (P ¼ 0.006, I2 ¼ 69.3%). A
5% increase in energy from total fat intake was associated with a 1%
lower risk of all-cause mortality (RR ¼ 0.99; 95% CI: 0.98e1.00)
(Table 2, Supplementary Fig. 2B). We found no significant non-
linear association between total fat intake and all-cause mortality
(P for non-linearity ¼ 0.39) (Fig. 1). Regarding dietary total fat and
CVD mortality, we did not find a significant association (Table 2,
Supplementary Fig. 3). Although a significant non-linear associa-
tion between dietary total fat and cancer mortality was observed (P
for non-linearity ¼ 0.03) (Fig. 1), there was no evidence of an as-
sociation between total fat intake and cancer mortality as all con-
fidence intervals included 1.0 (Table 2, Supplementary Fig. 4).
3.3. Saturated fat

Twelve prospective cohort studies including 188,655 deaths and
938,386 subjects investigated the association between dietary
saturated fat and all-cause mortality [10e12,14,16e20,25,26]. The
pooled RR for highest versus lowest levels of saturated fat intake
was 1.03 (95% CI: 0.94e1.13, I2¼ 90.4%, Pheterogeneity<0.001) (Table 2,
Supplementary Fig. 5A). The heterogeneity was slightly reduced
when studies from Japan [14,16] and multi-continent [19] were
excluded (P < 0.001, I2¼ 85.7%). A significant non-linear association
between saturated fat intake and all-cause mortality was found (P
for non-linearity ¼ 0.001) (Fig. 2). The risk of all-cause mortality
was significantly increased up to 11% of the energy from saturated
Table 2
Summary of pooled relative risks (RR) of mortality from all-causes, CVD, and cancer for

Highest versus lowest

No. of studies RR (95% CI) I2 (%) P value

All-cause mortality
Total fat 8 0.89 (0.81e0.99) 82.3 <0.001
Saturated fat 11 1.03 (0.94e1.13) 90.4 <0.001
Monounsaturated fat 10 0.94 (0.89e0.99) 61.2 0.003
Polyunsaturated fat 11 0.88 (0.81e0.94) 84.7 <0.001
Trans-fat 5 1.11 (1.02e1.21) 80.8 0.001
CVD mortality
Total fat 9 0.95 (0.85e1.07) 51.3 0.02
Saturated fat 11 1.02 (0.92e1.12) 78.2 <0.001
Monounsaturated fat 11 0.94 (0.88e1.01) 47.1 0.03
Polyunsaturated fat 11 0.95 (0.89e1.02) 64.2 0.001
Trans-fat 6 1.14 (1.02e1.26) 46.6 0.1
Cancer mortality
Total fat 5 1.00 (0.88e1.14) 69.2 0.003
Saturated fat 7 1.09 (1.00e1.18) 73.2 <0.001
Monounsaturated fat 7 0.98 (0.93e1.03) 35.8 0.13
Polyunsaturated fat 7 0.92 (0.89e0.95) 13.0 0.33
Trans-fat 3 0.97 (0.91e1.03) 46.1 0.17

CVD, cardiovascular disease.
fat intake, with a tendency to plateau at higher percentage. For CVD
mortality, 5% energy increments in saturated fat intake were
associatedwith 3% (RR¼ 1.03; 95% CI: 1.00e1.07) higher risk of CVD
mortality (Table 2, Supplementary Fig. 6B). In the non-linearity test,
a significant non-linear association between dietary saturated fat
and CVD mortality was observed (P for non-linearity <0.001)
(Fig. 2). A significant increased risk of CVD mortality was observed
from 3 to 12% of the energy from saturated fat intake. We found a
positive association between dietary saturated fat and cancer
mortality (RR ¼ 1.09; 95% CI: 1.00e1.18) in the comparison of
highest versus lowest intake (Table 2, Supplementary Fig. 7A).
3.4. Monounsaturated fat

Ten prospective cohort studies including 187,573 deaths and
923,502 subjects examined the association between dietary
monounsaturated fat and all-cause mortality [10,11,14,16e20,26].
The pooled RR for highest versus lowest levels of monounsaturated
fat intake was 0.94 (95% CI: 0.89e0.99, I2 ¼ 61.2%,
Pheterogeneity ¼ 0.003) (Table 2, Supplementary Fig. 8A). The het-
erogeneity was slightly reduced when studies with long follow-up
durations [18] were excluded (P¼ 0.02, I2 ¼ 53.6%). A 5% increase in
energy from monounsaturated fat intake was associated with 2%
lower risk of all-cause mortality (RR ¼ 0.98; 95% CI: 0.97e0.99)
(Table 2, Supplementary Fig. 8B). There was no evidence of a non-
linear association between dietary monounsaturated fat and all-
cause mortality (P for non-linearity ¼ 0.30) (Fig. 3). We did not
find any significant association between dietary monounsaturated
fat and CVD mortality (Table 2, Supplementary Fig. 9) and cancer
mortality (Table 2, Supplementary Fig. 10).
3.5. Polyunsaturated fat

Eleven prospective cohort studies including 192,288 deaths and
955,279 subjects examined the association between dietary poly-
unsaturated fat and all-cause mortality [10,11,14,16e19,21,26]. The
pooled RR for highest versus lowest levels of polyunsaturated fat
intake was 0.88 (95% CI: 0.81e0.94, I2 ¼ 84.7%, Pheterogeneity<0.001)
(Table 2, Supplementary Fig. 11A). The heterogeneity was a little
decreased when studies with long follow-up durations [18] were
total and specific types of fat intake.

% of energy increment from fat

% of energy No. of studies RR (95% CI) I2 (%) P value

5 6 0.99 (0.98e1.00) 67.5 0.002
5 10 1.02 (1.00e1.05) 83.1 <0.001
5 8 0.98 (0.97e0.99) 36.8 0.11
5 9 0.93 (0.89e0.97) 83.7 <0.001
1 6 1.06 (1.01e1.10) 89.5 <0.001

5 7 1.00 (0.99e1.01) 48.3 0.04
5 10 1.03 (1.00e1.07) 76.1 <0.001
5 9 0.99 (0.96e1.01) 53.1 0.01
5 9 0.95 (0.91e0.98) 59.1 0.004
1 7 1.06 (1.02e1.11) 50.8 0.05

5 4 1.00 (0.99e1.01) 50.9 0.07
5 6 1.04 (1.02e1.06) 58.8 0.02
5 6 0.99 (0.98e1.00) 11.8 0.34
5 6 0.96 (0.94e0.99) 41.9 0.10
1 3 0.99 (0.98e1.00) 0.0 0.37



Fig. 1. Pooled doseeresponse association between dietary total fat and mortality from all-causes, CVD, and cancer. Solid lines represent relative risk (RR), dashed lines represent 95%
confidence intervals.

Fig. 2. Pooled doseeresponse association between dietary saturated fat and mortality from all-causes, CVD, and cancer. Solid lines represent relative risk (RR), dashed lines
represent 95% confidence intervals.

Fig. 3. Pooled doseeresponse association between dietary monounsaturated fat and mortality from all-causes, CVD, and cancer. Solid lines represent relative risk (RR), dashed lines
represent 95% confidence intervals.

Fig. 4. Pooled doseeresponse association between dietary polyunsaturated fat and mortality from all-causes, CVD, and cancer. Solid lines represent relative risk (RR), dashed lines
represent 95% confidence intervals.

Y. Kim et al. / Clinical Nutrition 40 (2021) 1060e1070 1065



Y. Kim et al. / Clinical Nutrition 40 (2021) 1060e10701066
excluded (P < 0.001, I2 ¼ 71.7%). A 5% increase in energy from
polyunsaturated fat was associated with 7% lower risk of all-cause
mortality (RR ¼ 0.93; 95% CI: 0.89e0.97) (Table 2, Supplementary
Fig. 11B). We found no evidence of a non-linear association be-
tween dietary polyunsaturated fat and all-cause mortality (P for
non-linearity ¼ 0.76) (Fig. 4). A 5% energy increment in poly-
unsaturated fat intake was associated with 5% lower risk of CVD
mortality (RR ¼ 0.95; 95% CI: 0.91e0.98) (Table 2, Supplementary
Fig. 12B). For risk of cancer mortality, we found an inverse associ-
ation with dietary polyunsaturated fat (RR ¼ 0.92; 95% CI:
0.89e0.95) in the comparison of highest versus lowest intake
(Table 2, Supplementary Fig. 13A).

3.6. Trans-fat

Six prospective cohort studies including 165,152 deaths and
680,223 subjects investigated the association between dietary
trans-fat and all-cause mortality [13,15,17,18,26]. The pooled RR for
highest versus lowest levels of trans-fat intake was 1.11 (95% CI:
1.02e1.21, I2 ¼ 80.8%, Pheterogeneity ¼ 0.001) (Table 2, Supplementary
Fig. 14A). The heterogeneity disappeared when the study which
showed a weak positive association [26] was excluded (P ¼ 0.49,
I2 ¼ 0.0%). A 1% increase in energy from trans-fat was associated
with 6% higher risk of all-cause mortality (RR ¼ 1.06; 95% CI:
1.01e1.10) (Table 2, Supplementary Fig. 14B). We found no evidence
of a non-linear association between dietary trans-fat and all-cause
mortality (P for non-linearity ¼ 0.28) (Fig. 5). In the highest versus
lowest meta-analysis, we found a positive association between
dietary trans-fat and CVD mortality (RR ¼ 1.14; 95% CI: 1.02e1.26)
(Table 2, Supplementary Fig. 15A). A 1% energy increment in trans-
fat intake was associated with 6% (RR ¼ 1.06; 95% CI: 1.02e1.11)
higher risk of CVD mortality (Table 2, Supplementary Fig. 15B). We
did not find any significant association between intakes of dietary
trans-fat and risk of cancer mortality (Table 2, Supplementary
Fig. 16).

3.7. Subgroup analyses of all-cause mortality for dietary fat

In the subgroup analysis by sex, geographical region, type of
dietary assessment and adjustment for other types of fat intake or
serum lipids, no significant difference was observed in the com-
parison of highest versus lowest dietary fat categories (P for dif-
ference>0.06 in all comparisons) (Table 3). We found some
evidence of difference by geographical region in the analysis for a
5% energy increment in polyunsaturated fat intake. A strong inverse
association was found in studies conducted in Europe (RR ¼ 0.69;
95% CI: 0.59e0.82) than Asia (RR¼ 0.96; 95% CI: 0.88e1.05) and the
US (RR ¼ 0.93; 95% CI: 0.88e0.97) (P for Asia or the US versus
Europe ¼ 0.02 and 0.03, respectively).
Fig. 5. Pooled doseeresponse association between dietary trans-fat and mortality from all-
95% confidence interval.
3.8. Publication bias

There was no evidence of publication bias with Begg's (P > 0.2)
and Egger's test (P > 0.05) of all-cause mortality for dietary total,
saturated, monounsaturated, polyunsaturated, and trans-fat. We
found no indication of publication bias of mortality from CVD and
cancer for total and subtypes of fat intake either (Begg's P > 0.4 and
Egger's P > 0.07 for the all analyses).

4. Discussion

In the present meta-analysis of 19 prospective cohort studies,
we found inverse associations between dietary total, mono-
unsaturated, and polyunsaturated fat intake and all-cause mortal-
ity. A 5% energy increment in total, monounsaturated, and
polyunsaturated fat intake was associated with 1%, 2%, and 7%
lower all-cause mortality, respectively. A 5% increase in energy
from polyunsaturated fat was also associated with 5% and 4% lower
risks of mortality from CVD and cancer, respectively. In contrast, we
found a positive association between dietary trans-fat and all-cause
mortality. A 1% energy increment in trans-fat intake was associated
with 6% higher all-cause-mortality and CVD-specific mortality,
respectively. We found a non-linear positive association between
dietary saturated fat intake and mortality from all-causes and CVD.
The risk of death was increased with increasing intake of saturated
fat, but no further increased risk was observed above the 11% of
energy from dietary saturated fat. A linear positive association was
observed between dietary saturated fat and risk of cancer death.

Recent meta-analyses reporting non-significant positive asso-
ciations between dietary saturated fat and risk of CVD [6] and
breast cancer [9] questioned current diet guidelines that recom-
mend people to decrease saturated fat intake. One study included
in our meta-analysis showed a possibility that the effect of dietary
saturated fat on risk of mortality differs by structure of saturated fat
[25]. This study reported an unusual strong inverse association
between odd-chain saturated fat intake and all-cause mortality.
Another study included in the current meta-analysis also provided
the results by food source of saturated fat, and showed that only
dietary saturated fat from fish was associated with lower risk of all-
cause mortality [17]. Other food sources of saturated fat mostly
indicated non-significant positive associations in relation to all-
cause mortality. Fish is a minor source of saturated fat so other
aspects of fish may have accounted for the lower risk. Among foods
high in saturated fat, red and processed meat have been associated
with higher all-cause mortality [41], whereas intake of dairy
products which are primary source of odd-chain saturated fat was
associated with lower all-cause mortality [42]. Given the results of
previous studies and our meta-analysis, total saturated fat intake is
associated with higher risk of death, but the specific dietary source
causes, CVD, and cancer. Solid lines represent relative risk (RR), dashed lines represent



Table 3
Summary of pooled relative risks (RR) of all-cause mortality for total and specific types of fat intake by sex, geographical region, and adjustment for other types of fat intake.

No. of studies RR 95% CI P for difference No. of studies RR 95% CI P for difference

Highest versus lowest 5% of energy increment from fat

Total fat
Sex
Males 4 0.91 0.80e1.04 0.59 3 0.99 0.96e1.01 0.37
Females 4 0.97 0.82e1.15 3 1.00 0.98e1.02
Geographical region
Europe 3 0.83 0.59e1.17 2 0.99 0.96e1.01
Asia 2 0.97 0.85e1.10 0.50a 2 0.99 0.97e1.01 0.75a

US 2 0.84 0.81e0.88 0.98b 2 0.99 0.98e0.99 0.96b

Multi-continent 1 0.77 0.68e0.88 0.75c e e e e

Adjustment for other types of fat intake
Yes 5 0.88 0.76e1.03 0.85 5 0.99 0.98e1.00 0.56
No 3 0.91 0.78e1.07 1 1.00 0.98e1.02
Adjustment for serum lipids
Yes 3 0.69 0.44e1.08 0.14 3 0.99 0.98e0.99 0.41
No 5 0.94 0.84e1.05 5 0.99 0.98e1.01
Saturated fat
Sex
Males 5 0.99 0.90e1.08 0.44 5 1.00 0.96e1.04 0.53
Females 5 1.06 0.92e1.22 4 1.02 0.96e1.09
Geographical region
Europe 3 0.95 0.80e1.13 2 1.03 0.92e1.17
Asia 3 1.00 0.89e1.12 0.72a 3 0.98 0.94e1.03 0.46a

US 4 1.16 1.03e1.31 0.13b 5 1.05 1.02e1.07 0.86b

Multi-continent 1 0.86 0.75e0.98 0.55c e e e e

Adjustment for other types of fat intake
Yes 7 1.08 0.96e1.22 0.23 6 1.04 1.00e1.07 0.26
No 4 0.97 0.86e1.09 4 1.00 0.95e1.06
Adjustment for serum lipids
Yes 4 1.17 1.00e1.37 0.08 4 1.05 1.01e1.08 0.13
No 7 0.99 0.90e1.08 6 1.00 0.96e1.05
Type of dietary assessment
FFQ or food record 9 1.01 0.90e1.13 0.28 8 1.02 0.98e1.05 0.51
24-h recall 2 1.16 0.94e1.42 2 1.05 0.97e1.14
Monounsaturated fat
Sex
Males 4 0.97 0.91e1.03 0.38 3 0.98 0.96e1.00 0.27
Females 4 0.94 0.83e1.06 3 0.97 0.95e0.98
Geographical region
Europe 3 0.88 0.61e1.27 2 0.94 0.89e0.99
Asia 2 0.97 0.91e1.02 0.64a 2 0.96 0.93e0.99 0.45a

US 4 0.95 0.90e1.01 0.72b 4 0.98 0.97e1.00 0.15b

Multi-continent 1 0.81 0.71e0.92 0.53c e e e e

Adjustment for other types of fat intake
Yes 6 0.95 0.87e1.03 0.81 5 0.98 0.96e0.99 0.55
No 4 0.93 0.86e1.01 3 0.98 0.96e1.01
Adjustment for serum lipids
Yes 4 0.91 0.82e1.01 0.62 4 0.98 0.96e0.99 0.71
No 6 0.95 0.89e1.02 4 0.99 0.97e1.00
Type of dietary assessment
FFQ or food record 9 0.93 0.87e0.99 0.59 7 0.98 0.97e0.99 0.17
24-h recall 1 0.98 0.93e1.03 1 1.00 0.98e1.01
Polyunsaturated fat
Sex
Males 4 0.88 0.72e1.06 0.84 3 0.93 0.81e1.07 0.98
Females 4 0.84 0.80e0.87 3 0.92 0.89e0.94
Geographical region
Europe 3 0.71 0.55e0.93 2 0.69 0.59e0.82
Asia 3 0.96 0.84e1.10 0.06a 3 0.96 0.88e1.05 0.02a

US 4 0.87 0.77e0.97 0.24b 4 0.93 0.88e0.97 0.03b

Multi-continent 1 0.80 0.71e0.90 0.62c e e e e

Adjustment for other types of fat intake
Yes 8 0.86 0.79e0.94 0.72 7 0.91 0.87e0.96 0.35
No 3 0.89 0.75e1.06 2 0.97 0.83e1.14
Adjustment for serum lipids
Yes 4 0.82 0.71e0.94 0.33 4 0.89 0.84e0.95 0.23
No 7 0.90 0.81e0.99 5 0.96 0.90e1.03
Type of dietary assessment
FFQ or food record 9 0.86 0.80e0.93 0.30 7 0.92 0.88e0.96 0.37
24-h recall 2 1.00 0.73e1.38 2 0.98 0.91e1.04

FFQ, food frequency questionnaire.
a P value difference in RR for studies conducted in Asia versus Europe.
b P value difference in RR for studies conducted in the US versus Europe.
c P value difference in RR for studies conducted in multi-continent versus Europe.
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and type of saturated fat may be a key determinant of the associ-
ation.We could not perform the analysis by subtype of saturated fat
due to limited number of studies. Unlike our results indicating a
higher risk of total mortality among people with a high saturated
fat intake, one large prospective study [19] reported an inverse
association between dietary saturated fat intake and risk of total
mortality. This study did not adjust for alcohol consumption in the
analysis of dietary saturated fat and risk of total mortality. Previous
studies on the association between fat intake and risk of mortality
showed that people with a high saturated fat intake tended to have
a lower alcohol consumption [17,26]. Although it is difficult to
identify the reason for different results between our study and
previous cohort study [19], the potential confounding by alcohol
consumption may explain, in part, the discrepancy.

Our observed inverse association between polyunsaturated fat
intake and mortality are mostly concordant with previous evi-
dence. Recent two meta-analyses both found a lower risk of all-
cause mortality among people with high intake of long-chain n-3
polyunsaturated fatty acids [28,29]. Long-chain n-3 poly-
unsaturated fat has anti-inflammatory properties through inhibit-
ing activation of pro-inflammatory factors such as nuclear factor
kappa B (NFkB) and activating of peroxisome proliferator-activated
receptor-g (PPARg), which has anti-inflammatory properties
[43,44]. These anti-inflammatory actions may have contributed to
lowering the risk of death by reducing the risk of inflammation-
related diseases including CVD and cancer. Previous evidence for
the effect of dietary polyunsaturated fat on mortality was focused
on n-3 polyunsaturated fat. Several studies examined the associa-
tion between dietary n-6 polyunsaturated fat andmortality, but the
results were inconsistent showing null [16,21] or inverse [18,26]
associations. Although some have recommended to reduce n-6
polyunsaturated fat intake [45,46], accumulating evidence in-
dicates that the intake of 5e10% of energy from n-6 poly-
unsaturated fat decreases the risk of coronary heart disease [47].
Replacing dietary saturated or trans-fat with n-6 polyunsaturated
fat has been associated with lower levels of LDL cholesterol, which
are important in the incidence of CVD [48e50]. Also increasing
literature reported that n-6 polyunsaturated fat may have anti-
cancer effects [51]. Studies which reported the results by n-6/n-3
ratio showed null association [18] or lower all-cause mortality with
an increased ratio of the n-6/n-3 [26]. More studies are needed to
identify the difference by the subtype of dietary polyunsaturated
fat. In the subgroup analysis by geographical region, we found
stronger inverse association between dietary polyunsaturated fat
and risk of all-cause mortality in Europe than in Asia. The reasons of
regional differences may be due to lower intake of polyunsaturated
fat in Asia than in Europe [16,17]. However, the number of studies
included in subgroup analysis was small and thus, the results
should be interpreted with caution.

Regarding dietary monounsaturated fat, a weak inverse associ-
ation was found for all-cause mortality and no significant associa-
tion was observed for mortality from CVD and cancer. A major
source of monounsaturated fat is olive oil, which is one of the
components of the Mediterranean diet, in populations with high
intakes of olive oil. High olive oil intake has been found to be
associated with lower all-cause mortality [52]. A large cohort study
including 521,120 subjects reported the RRs for all-cause mortality
by source of monounsaturated fat. In comparison of high versus low
intake, animal-based monounsaturated fat was associated with
higher mortality, while plant-based monounsaturated fat was
associated with lower mortality [26]. Since most studies included
in the current meta-analysis have evaluated total monounsaturated
fat, the weak inverse or no association observed with total mono-
unsaturated fat may be driven by animal-based monounsaturated
fat.
Our findings that dietary trans-fat was associated with higher
mortality from all-causes and CVD are in line with the current diet
guidelines that recommend avoidance of trans-fat intake [3,4]. Di-
etary trans-fat has been reported to possess detrimental health
effects through increasing LDL cholesterol and systematic inflam-
mation [53]. Furthermore, trans-fat may affect the fluidity of the
cell membranes by disordering the membrane phospholipids, and
thus lead to damage on body systems and function [54]. No sig-
nificant association between dietary trans-fat and cancer mortality
was observed, though this result was based on only 3 studies. We
found that high dietary total fat was associatedwith lower all-cause
mortality. However, the composition of dietary fat seems to be
more important than the total fat intake, because the association
between dietary fat andmortality differed by the type of dietary fat.

To the best of our knowledge, this is the first comprehensive
meta-analysis to examine the association between dietary total,
saturated, monounsaturated, polyunsaturated, and trans-fat and
mortality from all-causes, CVD, and cancer. The generalizability of
our finding was enhanced by including a large number of cases
(n ¼ 195,515) and subjects (n ¼ 1,013,273) from diverse regions
such as Europe, the US, and Asia in the meta-analysis. In addition,
all of the studies included in this meta-analysis were judged as
good or high-quality, and there was no publication bias which
could be of concern in meta-analysis. We also analyzed our data
using fixed effects models, and the results were similar.

There were several limitations of note. First, the meta-analysis
combined results from original studies with different highest and
lowest categories of fat intake. However, we conducted a
doseeresponse meta-analysis that showed RRs of mortality ac-
cording to increment of dietary fat after testing the non-linearity
between fat intake and risk of death. Second, although we con-
ducted analyses for total, saturated, monounsaturated, poly-
unsaturated and trans-fat, there are more specific subtypes of fat
(e.g. even-and odd-chain saturated fat, n-3 polyunsaturated fat, and
linoleic acid, etc.) and the association between dietary fat and risk
of mortality may vary accordingly. We could not perform an anal-
ysis by subtype of saturated or polyunsaturated fat due to the
limited data. Third, most of the studies adjusted for potential
confounders such as smoking, alcohol, BMI, and physical activity,
but there is a possibility of residual confounding. As animal fats are
common primary sources of saturated and monounsaturated fat in
traditional Western diets, monounsaturated fat intake was strongly
correlated with saturated fat intake [18,26]. This correlation could
affect the association betweenmortality and monounsaturated and
saturated fat intake. Among 19 studies, 11 studies provided the RRs
which mutually adjusted for dietary fat subtypes
[10,14,15,17,18,21,24e26]. We could not find any significant differ-
ences in RRs when we conducted subgroup analysis by mutual
adjustment for subtype of dietary fat. In addition, we performed a
subgroup analysis by adjustment for serum lipids (e.g., hypercho-
lesterolemia), but significant differences were not observed.
Although substitution analysis may be more ideal for dietary fats,
only a few studies conducted this type of analysis [55].

In conclusion, diets high in total, monounsaturated, and poly-
unsaturated fat were associated with lower all-cause mortality,
compared with diets low in fat, whereas diets high in saturated and
trans-fat were associated with higher all-cause mortality. A diet
high in saturated fat was positively associated with higher mor-
tality from CVD and cancer, while a diet high in polyunsaturated fat
was inversely associated with lower mortality from CVD and can-
cer. Our findings support current dietary guidelines to reduce
saturated and trans-fat intake and emphasize mono-and poly-
unsaturated fat intake. In further large prospective cohort studies
that examine the association between subtypes and sources of
saturated, mono- and polyunsaturated fat and mortality,
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substitution analysis could enhance understanding of the effect of
dietary fat on health.
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