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Abstract

Objective To assess the impact of reducing saturated fat or fatty foods, or replacing saturated fat with unsaturated
fat, carbohydrate or protein, on the risk of mortality and major cancer and cardiometabolic outcomes in adults.

Methods We searched MEDLINE, EMBASE, CINAHL, and references of included studies for systematic reviews

and meta-analyses (SRMAs) of randomized controlled trials (RCTs) and observational studies in adults published

in the past 10 years. Eligible reviews investigated reducing saturated fat or fatty foods or replacing saturated fat
with unsaturated fat, carbohydrate or protein, on the risk of cancer and cardiometabolic outcomes and assessed
the certainty of evidence for each outcome using, for example, the GRADE (Grading of Recommendations, Assess-
ment, Development, and Evaluations) approach. We assessed the quality of SRMAs using a modified version

of AMSTAR-2. Results were summarized as absolute estimates of effect together with the certainty of effects using
a narrative synthesis approach.

Results We included 17 SRMAs (13 reviews of observational studies with follow-up 1 to 34 years; 4 reviews of RCTs
with follow-up 1 to 17 years). The quality of two-thirds of the SRMAs was critically low to moderate; the main limita-
tions included deficient reporting of study selection, absolute effect estimates, sources of funding, and a priori sub-
groups to explore heterogeneity. Our included reviews reported > 100 estimates of effect across 11 critically important
cancer and cardiometabolic outcomes. High quality SRMAs consistently and predominantly reported low to very low
certainty evidence that reducing or replacing saturated fat was associated with a very small risk reduction in cancer
and cardiometabolic endpoints. The risk reductions where approximately divided, some being statistically significant
and some being not statistically significant. However, based on 2 moderate to high quality reviews, we found moder-
ate certainty evidence for a small but important effect that was statistically significant for two outcomes (total mortal-
ity events [20 fewer events per 1000 followed] and combined cardiovascular events [16 fewer per 1000 followed]).
Conversely, 4 moderate to high quality reviews showed very small effects on total mortality, with 3 of these reviews
showing non-statistically significant mortality effects.
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Conclusion Systematic reviews investigating the impact of SFA on mortality and major cancer and cardiometabolic
outcomes almost universally suggest very small absolute changes in risk, and the data is based primarily on low

and very low certainty evidence.

Systematic review registration PROSPERO CRD42020172141
Keywords Nutrition, Saturated fatty acids, Cardiovascular disease, Cancer, Systematic review

Introduction

Non-communicable diseases, including cardiovascu-
lar disease (CVD), cancer, and diabetes are responsible
for 4 out of 5 deaths worldwide [1], with unhealthy die-
tary habits often listed as a leading risk factor for pre-
mature death [2, 3]. Unhealthy dietary habits are often
described as a high intake of fat in general and satu-
rated fatty acids (SFA) in particular [4, 5]. Higher intake
of SFA can promote oxidative stress and inflammation,
which can increase the risk for some cancers, as well as
an increase in low-density lipoprotein (LDL) cholesterol,
a biomarker associated with CVD. Reducing dietary fat
intake, often targeted specifically to SFA, has been the
orthodox position in the nutrition community since the
1950s following the Seven Country Study and the ‘diet-
heart hypothesis’ [6].

However, dietary guidelines that recommend reduc-
ing SFA have been subject to increasing scrutiny as fur-
ther evidence has accumulated [7]. Questions have been
raised regarding the quality of evidence to support pop-
ulation-level guidelines advocating for SFA reduction
[8]. Specifically, while some evidence supports the link
between the reduction of SFA and the subsequent reduc-
tion in surrogate outcomes such as LDL cholesterol,
including replacing SFA with polyunsaturated fatty acids
(PUFAs) [9], direct evidence between dietary SFA change
and the risk of patient and public important health out-
comes such as cancer and cardiovascular mortality is
sparse and subject to methodologic flaws and question-
able inferences [10, 11], with some nutrition researchers
now questioning the orthodox view [12]. The strength of
the evidence supporting the orthodox position depends
on a number of nutrition-specific and methodologic con-
siderations, including 1) what SFA is replaced with in the
diet (e.g., PUFA, monounsaturated fatty acids (MUFA),
carbohydrates, protein); 2) focusing on a single nutrient
versus foods that include SFA, PUFA, MUFA, and other
nutrients [12]; 3) the methodological quality of system-
atic reviews of the evidence; 4) the overall certainty of the
evidence for patient and public important outcomes and;
5) whether both relative and absolute estimates of effects
are calculated and presented. We sought to address these
considerations by conducting an overview of systematic
reviews to assess the impact of reducing saturated fat or
fatty foods, or replacing saturated fat with unsaturated

fat, carbohydrate or protein, on the risk of cancer and
cardiometabolic outcomes in adults with varying cardio-
metabolic risk factors.

Material and methods

Our overview of SRMAs followed an a priori protocol
(CRD42020172141) based on guidance on the conduct of
overviews of reviews by the Cochrane Collaboration [13].

Search strategy

In consultation with an experienced librarian, we devel-
oped a comprehensive search strategy (see Additional
file 1: Appendix 1: Search strategies). We used a system-
atic review filter developed by the Health Information
Research Unit at McMaster University [14], and searched
MEDLINE, EMBASE and CINAHL databases to identify
systematic reviews published in the past 10 years through
to March 30, 2021. We also screened the reference lists of
all eligible SRMAs.

Eligibility criteria

To be eligible, systematic reviews needed to: 1) be pub-
lished in past 10 years, 2) conduct meta-analyses, 3)
include primary studies in adults (>18 years of age), 4)
investigate the effects of lower versus higher intake of
SFA, or replacement of SFA with PUFA, MUFA, carbo-
hydrate or protein, based on dietary fat or foods contain-
ing more than 5 g SFA per 100 g (e.g., cheese, butter, red
and processed meat) [15, 16], 5) assess SFA intake for the
prevention of critically important outcomes reported in
observational studies or RCTs (e.g., all-cause mortality,
cancer mortality and incidence, cardiovascular mortality,
coronary heart disease (CHD), combined cardiovascu-
lar events, stroke, myocardial infarction, type 2 diabetes
(T2D), health-related quality of life), and 6) assess the
certainty of evidence for the outcomes using a formal
certainty of evidence instrument (e.g., GRADE, Nutri-
Grade). To control for biases among outcomes of lower
clinical relevance, we only included surrogate outcome
data reported in systematic reviews of RCTs (e.g., tri-
glycerides, apolipoprotein Al (ApoAl), apolipoprotein
B (ApoB), LDL, high-density lipoprotein (HDL), total
cholesterol, systolic blood pressure, diastolic blood pres-
sure, and changes in weight and body mass index (BMI)
(PROSPERO CRD42020172141).
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Study selection process

Two reviewers independently and in duplicate screened
the titles, abstracts and full-text articles. We resolved
any disagreement through discussion and consulted
a senior investigator when disagreements could not
be resolved.

Assessment of the quality of conduct of the included
systematic reviews

Two reviewers independently assessed the quality of
conduct of included SRMAs using a modified version
of the AMSTAR-2 instrument [17]. Our modification
addressed concerns we perceive as critical in the conduct
of SRMAs: 1) reporting of absolute estimates of effect;
and 2) the assessment of the overall certainty of evidence
for each outcome (e.g., GRADE, NutriGrade). Among
a total of 18 items considered, 9 items were considered
of higher importance when assessing the quality of con-
duct of an SRMA. Our critical items required informa-
tion from eligible SRMAs regarding protocol registration,
comprehensiveness of literature search, justification for
excluding studies from the review, appropriateness of sta-
tistical methods for meta-analysis, risk of bias assessment
of included studies, consideration of the risk of bias dur-
ing the interpretation of the overall results, consideration
of the potential impact of publication bias in the review,
reporting of absolute effects, and the assessment of the
overall certainty of evidence for each outcome. We rated
the overall quality of each review as high, moderate, low
or critically low. See Additional file 1: Appendix 2 for
the guidance used for rating quality of reviews using our
modified version of AMSTAR-2.

Data collection

We extracted information about the SRMAs (e.g.,
authors, title, number of included studies, publication
year), search strategies (e.g., names of databases searched,
database search date, date of last search update), popu-
lation (e.g., number of participants, age, sex, setting),
interventions/exposures (e.g., intervention type, dose and
frequency, food or nutrient replacement), comparators
(e.g., comparator type, dose, frequency, replacement),
and outcomes (as described under eligibility).

Analysis

For each outcome reported in each review, we presented
the exposure, comparator, number of studies and par-
ticipants, the baseline risk, the absolute and relative
effects and the corresponding certainty of evidence. We
used data from GLOBOCAN [18] and the Emerging
Risk Factors Collaboration [19] to estimate the baseline
risks for cancer and major cardiometabolic outcomes,
respectively. Using these baseline risks, we calculated
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the absolute risk reductions for our respective outcomes
using the relative risks reported in our included meta-
analyses [20]. We categorized the magnitude of effects as
very small, small but important, moderate, or large using
guidance from GRADE and the Cochrane Collaboration
[21, 22]. We used thresholds for the magnitudes of effect
from a series of SRMAs on red and processed meat to
inform dietary recommendations [23], which were based
on consultation with a dietary guideline panel, including
members of the public. For fatal outcomes, <10 events
per 1000 were considered to be a very small effect size,
11-25 per 1000 were considered small but important and
26—-40 per 1000 were considered a moderate effect size.
For non-fatal outcomes, <20 per 1000 were considered
very small, 21-40 per 1000 were considered small but
important, and 41-60 per 1000 were considered a mod-
erate effect. For mixed fatal and non-fatal outcomes, <15
per 1000 were considered very small, 16-30 per 1000
were considered small but important, and 31-45 per
1000 were considered moderate in size. For cardiometa-
bolic outcomes, effect sizes were based on 10.8 years fol-
low-up; for cancer, effect sizes were based on a lifetime
of follow-up [18, 19]. For health-related quality of life
instruments, we used available estimates of the minimal
important difference [24]. As per GRADE guidance, we
presented our data in summary of findings tables and
used plain language recommendations to describe the
magnitude of effect and certainty of evidence [20].

Because we included multiple systematic reviews
that reported data on the same outcome, we reported
the range of absolute risk reductions (ARR) from our
included SRMAs. For example, if there were 5 system-
atic reviews reporting 4, 9, 8, 15 and 20 fewer cases of
stroke comparing lower versus higher intake of SFA,
we reported a range of 4 to 20 fewer stroke cases. We
reported all absolute effects as a risk difference when
lower intake was compared to higher intake. When stud-
ies reported results from higher versus lower intake com-
parisons, we inverted the risk ratio before calculating
absolute effects. Our summary of findings in the main
text focused on reviews judged as high quality based on
our methodological assessment using a modified version
of AMSTAR-2. We also highlight evidence for small but
important effects for outcomes that were statistically sig-
nificant, regardless of the quality of evidence. Detailed
summaries of all studies are found in Table 1 and Addi-
tional file 1: Appendix 3 to 5.

Patient involvement

We did not involve any patients or public partners in
our overview of systematic reviews, but used effect size
ranges that were developed in partnership with stake-
holders from the public [23].
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Results

Our literature search yielded 7,540 records. Following
screening of the titles and abstracts, we identified 410
potentially eligible SRMAs, of which 17 were eligible
after full-text screening (Fig. 1). The included SRMAs
were published between 2014 and 2021. Among them,
13 were reviews of observational studies (e.g., cohorts,
case-controls) [25-37, 42] and 4 were reviews of RCTs
[38—41]. The characteristics of the included SRMAs are
reported in Table 1. Based on the modified AMSTAR-2
instrument, the quality of SRMAs was critically low
to moderate for 12 reviews (3 critically low, 1 low, 8
moderate) and high for 5 reviews (Additional file 1:
Appendix 3). The most frequent limitations related
to study selection, conduct and reporting of absolute
effect estimates, sources of funding, and heterogene-
ity exploration via a priori subgroups (Additional file 1:
Appendix 3).

The 17 eligible systematic reviews assessed the associa-
tion of SFA reduction or replacement based on dietary fat
[26, 28, 36, 38, 39, 41] or food intake (e.g., cheese, butter,
dairy, red meat, processed meat) [25, 27, 29-35, 37, 40,
42] (Additional file 1: Appendix 4 and 5). Among SRMAs
of observational studies addressing foods, 9 studies also

Records identified through database searching
(n=5,884)

l

Records after duplicates removed
(n=15,055)
Records screened Records excluded
(n=5,055) (n=4,666)
Records excluded
Updated (n=1,631)
databases search
(n=1,656)

l

Full-text articles assessed for
eligibility >
(n=389)

Updated databases search (n =21)

Full-text articles excluded,
with reasons
(n=393)

No certainty of evidence
assessment = 370

Not systematic review and
meta-analysis = 12
Comparison groups did not
allow assessment of lower vs
higher intake of SFA =11

A,
Studies included in narrative
synthesis: n = 16 (from databases
search) + n =1 (identified from
reference lists of included studies)
Total: n=17

Fig. 1 PRISMA flow diagram - summary of study selection

Page 6 of 13

reported dose-response meta-analysis results based on
120 g, 100 g or 85 g of red meat, 50 g or 30 g of processed
meat, and 200 g of dairy intake per day [27-35]. We sum-
marized the results of SRMAs addressing foods as lower
versus higher intake of red meat, processed meat, cheese,
butter, and dairy. Among the 4 SRMAs of RCTs report-
ing on SFA reduction, 2 reviews also reported subgroups
or meta-regression to explore effect modification includ-
ing replacing SFA with PUFA, MUFA, carbohydrate, or
protein [38, 41], as well as percentage of baseline energy
intake from SFA, percentage of difference in energy intake
from SFA, total cholesterol and sex [38] (Additional file 1:
Appendix 6 to 13). Results are reported below for the
higher quality SRMAs, their corresponding estimates of
effect including any evidence of small but important statis-
tically significant effects, the certainty of the estimates and
relevant subgroup/meta-regression effects.

All-cause mortality

Six SRMAs reported on all-cause mortality associated
with SFA reduction or replacement, including 3 reviews
of observational studies (follow-up ranging from 1 to
32 years) [29, 33, 36] and 3 reviews of RCTs (follow-up
ranging from 6 months to 17 years) [38, 40, 41]. The qual-
ity of reviews ranged from critically low to high quality.
Two high quality SRMAs of RCTs on dietary fat and pro-
cessed meat [38, 40] and 1 high quality review of obser-
vational studies of red meat [29] suggested very small
absolute effects ranging from 1 to 9 fewer deaths per
1000 people based on very low to moderate certainty of
evidence (CoE). One moderate quality SRMA of obser-
vational studies [33] showed a small but important sta-
tistically significant ARR of 20 fewer events per 1000
people based on moderate CoE for lower versus higher
processed meat intake [33] (Additional file 1: Appendix 3
and 4).

Cancer mortality

Three SRMAs reported on cancer mortality associ-
ated with reducing or replacing SFA, including 1 review
of observational studies (follow-up ranging from 3 to
34 years) [30], and 2 reviews of RCTs (follow-up rang-
ing from 6 months to 17 years) [38, 40]. All reviews were
judged as methodologically high quality. The SRMA of
observational studies on red and processed meat [30]
was of high quality, suggesting a very small ARR of 8
fewer to 3 more events per 1000 people followed based
on very low to low CoE for gastric, colorectal, pancreatic,
prostate and overall cancer mortality. Similarly, the two
SRMAs of RCTs on dietary fat and red meat intake were
of high quality [38, 40], suggesting no to small but impor-
tant effects ranging from zero events to 12 fewer events
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per 1000 people based on very low and unreported CoE
(Additional file 1: Appendix 3 and 4).

Cancer incidence

Five SRMAs reported on cancer incidence associated
with SFA reduction or replacement, including 4 reviews
of observational studies (follow-up ranging from 2 to
34 years) [27, 30, 32, 37] and 1 review of RCTs [38] (fol-
low-up ranging from 4 to 5 years on average). The quality
of reporting of reviews ranged from critically low to high
quality. One SRMA of observational studies assessing
red and processed meat intake was high quality [30] sug-
gesting a very small ARR of 2 to 13 fewer overall cancer
cases per 1000 people followed based on very low CoE.
This study also suggested very small to no absolute effects
with specific cancers, including small intestinal (0 fewer
events, low CoE), pancreatic (0 fewer events, low CoE),
oral (1 fewer event, very low CoE), endometrial (1 fewer
event, very low CoE), ovarian (1 fewer event, low CoE),
hepatic (1 more event, very low CoE), esophageal (0 to 2
fewer events, very low CoE), gastric (2 fewer events, very
low CoE), breast (5 to 6 fewer events, low CoE), prostate
(0 to 1 more event, low CoE), and colorectal (0 to 1 fewer
events, low CoE) cancer per 1000 people. The 1 review
of RCTs that investigated dietary fat specifically and
was rated high quality [38] suggested a very small ARR
on overall cancer incidence of 11 fewer events per 1000
people without reporting on the CoE (Additional file 1:
Appendix 3 and 4).

Cardiovascular mortality

Five SRMAs reported on cardiovascular mortality associ-
ated with reducing or replacing SFA, including 2 reviews
of observational studies (follow-up ranging from 1 to
32 years) [29, 36] and 3 reviews of RCTs (follow-up rang-
ing from 6 months to 17 years) [38, 40, 41]. The reporting
of reviews ranged from critically low to high quality. One
SRMA of observational studies assessing red and pro-
cessed meat was high quality [29] and suggested a very
small ARR of 4 fewer events per 1000 people followed
based on very low CoE. Two of the three SRMAs of RCTs
assessing dietary fat and red meat were of high qual-
ity [38, 40] suggesting a very small ARR of 2 to 3 fewer
events per 1000 people based on very low and moder-
ate CoE, respectively. For replacing SFA with PUFA and
carbohydrate, one moderate quality SRMA of cohort
studies reported the risk of cardiovascular mortality in
participants with type 2 diabetes [26]. Schwab et al. [26]
reported a small but important statistically significant
effect of 15 fewer cardiovascular deaths per 1000 indi-
viduals with type 2 diabetes followed when replacing
2% total energy SFA with PUFA (95%CI 26 to 1 fewer)
based on very low CoE. Authors also reported a small but
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important effect that was almost statistically significant,
of 20 fewer cardiovascular deaths per 1000 (95%CI 37 to
0 fewer) when replacing 5% total energy from SFA with
higher fiber CHO, which was also based on very low CoE
[26] (Additional file 1: Appendix 3 and 4).

Coronary heart disease

Four SRMAs reported on CHD associated with SFA
reduction or replacement, including 3 reviews of obser-
vational studies (follow-up ranging from 1 to 32 years)
[25, 31, 36] and 1 review of RCTs (follow-up ranging from
4 to 5 years, on average) [38]. The reporting of reviews
ranged from moderate to high quality. One SRMA of
observational studies investigating dairy (butter, cheese)
intake was high quality [25] and suggested a very small
ARR for fatal and non-fatal CHD of 0 to 4 fewer events
per 1000 people followed based on low and moder-
ate CoE. The 1 SRMA of RCTs investigating dietary fat
intake was high quality, suggesting 8 fewer fatal and non-
fatal events and 1 fewer fatal event per 1000 people based
on very low and low CoE, respectively (Additional file 1:
Appendix 3 and 4).

Combined cardiovascular events

One SRMA reported on combined cardiovascular
events. The review was high quality, evaluated RCT evi-
dence, and measured SFA reduction or replacement [38].
Authors reported a small but important statistically sig-
nificant effect (16 fewer absolute cardiovascular events)
per 1000 individuals followed (Additional file 1: Appen-
dix 4) based on moderate CoE.

Stroke

Six SRMAs reported on stroke (fatal and non-fatal)
associated with reducing or replacing SFA, including
4 reviews of observational studies (follow-up rang-
ing from 1 to 32 years) [25, 29, 31, 36] and 2 reviews
of RCTs [38, 40] (follow-up ranging from 6 months to
17 years). The reporting of reviews ranged from moder-
ate to high quality. Two of the SRMAs of observational
studies investigating red and processed meat intake
and diary intake were high quality [25, 29], suggesting
a very small ARR of 1 fewer to 2 more events per 1000
people followed based on very low to moderate CoE
(Additional file 1: Appendix 3 and 4).

Myocardial infarction

Three SRMAs reported on myocardial infarction asso-
ciated with SFA reduction or replacement, including 1
review of observational studies (follow-up ranging from 2
to 28 years) [29] and 2 reviews of RCTs (follow-up rang-
ing from 1 to 17 years) [38, 41]. The reporting of reviews
ranged from critically low to high quality. The SRMA [29]
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of observational studies investigating red and processed
meat was high quality and suggests a very small ARR of 2
to 3 fewer events per 1000 people followed based on very
low CoE. One SRMA of RCTs investigating SFA intake
was high quality [38], suggesting a very small ARR of 1 to
4 fewer events per 1000 people based on very low to low
CoE (Additional file 1: Appendix 3 and 4).

T2D

Six SRMAs reported on T2D associated with SFA
reduction or replacement, including 4 reviews of obser-
vational studies (follow-up ranging from 1 to 32 years)
[28, 29, 35, 36] and 2 reviews of RCTs (follow-up rang-
ing from 1 to 6 years) [38, 39]. The reporting of reviews
ranged from moderate to high quality. One of the
SRMAs of observational studies investigating red and
processed meat was high quality [29] and suggested a
very small ARR on T2D incidence ranging from 6 to 12
fewer events per 1000 people followed based on low to
very low CoE. One SRMA of RCTs investigating dietary
fat intake was high quality [38] and suggested a very
small ARR of 2 fewer events per 1000 people without a
reported CoE (Additional file 1: Appendix 3 and 4).

Health-related quality of life

One SRMA reported on health-related quality of
life based on a single RCT that evaluated a reduced fat
diet from the Woman’s Health Initiative trial [38]. This
review was high quality, evaluated RCT evidence and
measured dietary SFA; data on CoE were not reported.
At ‘close out’ (~8 years post randomization), the inter-
vention diet demonstrated a beneficial effect of lower
SFA intake as measured using a global question regard-
ing health-related quality of life (“Overall, how would
you rate your quality of life?”; scale: 0 [worst] to 10
[best]). While participants experienced an improvement
(MD 0.04, 95% CI 0.01 to 0.07), the improvement was
very small (Additional file 1: Appendix 3 and 4).

Surrogate outcomes

One high quality SRMA of RCTs reported on surro-
gate outcomes at 2 years [38], demonstrating beneficial
effects of SFA reduction or replacement on LDL (MD
-0.19 mmol/L, 95% CI -0.33 to -0.05), total cholesterol
(MD -0.24 mmol/L, 95% CI -0.36 to -0.13), and BMI (MD
-0.42, 95% CI-0.72, -0.12) (Additional file 1: Appendix 5).
Based on estimated minimal clinically important differ-
ences, the estimate for LDL was almost twice the impor-
tant difference (0.10 mmol/L), while the estimate for total
cholesterol was slightly below the important difference
(0.26 mmol/L) [43]. We are unaware of the minimal clini-
cally important difference for BMI.
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Subgroup analysis

Regarding subgroup effect modification, Hooper et al.
[38] reported statistically significant tests of interaction
for percentage of baseline energy intake from SFA with
higher baseline intake (i.e., from up to 12% energy from
SFA at baseline to>18% energy from SFA at baseline)
being associated with higher combined cardiovascu-
lar events (range, 2 to 45 fewer cases of combined car-
diovascular events per 1000). Similarly, a subgroup on
percent difference in energy intake from SFA (i.e., up to
4% energy difference,>4 to 8% energy difference,>8%
energy difference) showed that larger reductions in
SFA were associated with fewer combined cardiovas-
cular events (range: 2 to 32 fewer cases of combined
cardiovascular events per 1000), although the relation-
ship was not linear. Subgroups based on biological sex
showed statistically significant effects of lowering SFA
intake in males as well as total cholesterol reduction (at
least 0.2 mmol/L,<0.2 mmol/L) for reducing the risk
of combined cardiovascular events. The between group
analysis for replacement of SFA with PUFA, MUFA,
carbohydrate and protein did not show statistically sig-
nificant tests of interaction, while within group analy-
ses showed statistically significant results based on the 7
of 12 trials that replaced SFA with PUFA demonstrated
a small but important ARR (21 fewer combined CVD
events per 1000). For CHD, Hooper et al. [38] reported
a very small effect that was close to statistically signifi-
cant (11 fewer; 45 to 0 fewer events) (Additional file 1:
Appendix 3, 4, 13).

Apart from combined cardiovascular events and CHD
[38], the subgroup and meta-regression analysis for each
of the effect modifiers (e.g., replacement of SFA with
PUFA, MUFA, carbohydrate, or protein; percentage of
baseline energy intake from SFA; percentage of differ-
ence in energy intake from SFA; total cholesterol and sex)
did not show statistically significant tests of interaction
for all-cause mortality, cardiovascular mortality, stroke,
myocardial infarction, T2D or any of the surrogate out-
comes [38, 41] (Additional file 1: Appendix 6 to 13).

Discussion

Summary of main results

In total, we included 17 SRMAs assessing the impact of
reducing saturated fat or fatty foods (cheese, butter, dairy,
red meat, and processed meat), or replacing saturated
fat with PUFA, MUFA, carbohydrates or protein, on the
risk of mortality and major cancer and cardiometabolic
outcomes. Among the included studies, the quality of the
SRMAs was critically low to moderate for 12 reviews (3
critically low, 1 low, 8 moderate) and high for 5 reviews
using a modified version of AMSTAR-2 instrument.
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Among 5 high quality SRMAs, 2 were reviews of
RCTs and 3 were reviews of observational studies. The
3 SRMAs of observational studies almost universally
reported low or very low certainty evidence for a very
small association of SFA intake and the risk of cancer and
cardiovascular outcomes [26, 29, 30]. Among our 2 high
quality reviews of RCTs [38, 40], in one review on SFA
reduction or replacement, we found moderate certainty
evidence for a statistically significant decreased risk of
combined cardiovascular events (16 fewer events) per
1000 people [38]. The effect of reducing or replacing SFA
intake for the remaining outcomes among all high-qual-
ity reviews was very small based predominantly on low
and very low CoE. Among 8 moderate quality SRMAs,
two reviews showed small but important effects. Among
these 8 reviews, Schwingshackl et al. [33] reported a sta-
tistically significant effect for a lower risk of all-cause
mortality (20 fewer events per 1000 followed) among
those with lower processed meat intake based on moder-
ate certainty evidence. Schwab et al. [26] reported a small
but important statistically significant effect of 15 fewer
cardiovascular deaths per 1000 individuals with type 2
diabetes followed when replacing 2% total energy SFA
with PUFA (95%CI 26 to 1 fewer) based on very low CoE.
The effect of reducing or replacing SFA intake for the
remaining outcomes among all moderate quality reviews
was very small based predominantly on moderate CoE.

Based on diverse approaches to rating the certainty
of evidence including GRADE, NutriGrade and guid-
ance from WHO/FAO Expert Consultation Report, the
CoE across all outcomes was typically low to very low,
but ranged from very low to high. In many instances,
the CoE may have been overrated, which may be due to
overlooking issues related to risk of bias and indirectness.
For example, the use of self-reported dietary instruments
to assess dietary intakes increase the risk of bias due to
poor recall or social desirability [44, 45]. Further, many
nutrition studies suffer from excessive missing partici-
pant outcome data for which a simple intention-to-treat
analysis does not adequately address the risk of bias [46].
Finally, complex interventions or exposures including the
combined effects of dietary patterns present serious indi-
rectness issues when, for instance, attempting to explore
the specific effects of dietary SFA in isolation [39]. Indi-
rectness issues are further compounded by the fact that
foods high in SFA also contain important nutrients
including other essential fats such as PUFA and MUFA.
For example, red meat is high in SFA, but also rich in
vitamins A, B12, D and K, as well as iron, selenium, zinc,
MUFA and PUFA [47]. Further, based on high quality
systematic reviews, while certain sources of saturated fat,
such as dairy products, may have very small cardiovascu-
lar protective effects based on low to moderate certainty
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evidence [25] others, like unprocessed red meat, may
slightly increase the risk of cardiovascular disease based
on low or very low certainty evidence [30, 40]. It is also
important to note that the context in which saturated fat
is consumed can also play a role on its potential impact
on cardiovascular health. For example, studies have
shown that when saturated fat is consumed within the
context of a healthy overall dietary pattern, potential
adverse cardiovascular events may be attenuated [48].
Overall, regardless of the source of saturated fat, the
effects are typically very small (< 1%) and not distinguish-
able. Moreover, the certainty of the evidence is predomi-
nantly very low to low, which further adds to our inability
to discern between the various sources of saturated fat
and the impact on critically important outcomes like
major cardiovascular events or cancer.

Results in context to previous reviews of saturated fat

A recent scoping review of systematic reviews of obser-
vational studies and RCTs by Schwingshackl et al. [49]
assessed the effects of total dietary fat and fat quality
(e.g., SFA, MUFA, PUFA, trans-fatty acid) on all-cause
mortality, cancer, chronic disease outcomes (e.g., CVD,
CHD, stroke, T2D), weight, and surrogate outcomes
(e.g., cholesterol, blood pressure, fat mass, waist cir-
cumference) in adults. The scoping review included 59
reviews for descriptive synthesis. While our overview
included reviews that assessed the certainty of evidence
as well as a method to document the absolute magnitude
effect, among the 59 reviews in Schwingshackl et al. [49],
authors only reported relative effects and very few (7/59;
12%) included reviews assessed the certainty of evidence
for each outcome reported. Further, while Schwing-
shakl et al. reported results similar to ours, their scoping
review did not assess the quality of included reviews, a
strength of our study.

Similarly, a second recent narrative review of system-
atic reviews, observational studies and RCTs by Astrup
et al. [12] addressing SFA and health outcomes indicated
that systematic reviews did not find a significant asso-
ciation between SFA reduction or replacement of SFA
with PUFA and all-cause mortality. Unlike our over-
view, authors did not assess or report the methodologi-
cal quality of included reviews, or the absolute estimates
of effect for each outcome, including the certainty of the
estimates.

Limitations of our study methods

Our review was not without limitations. First, we only
included SRMAs that assessed the CoE using a formal-
ized approach such as GRADE or NutriGrade. While
this may have limited inclusion of some higher quality
reviews that did not assess CoE [50], in recognizing that
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international standards for SRMAs and the call for pre-
senting absolute effect estimates together with the CoE
[23, 51-53], we opted to present the absolute magnitudes
of effect exclusively in the context of the certainty of effect
estimates for our target outcomes. Second, rather than
re-assessing the CoE ourselves for each outcome within
each SRMA, we relied on assessments from the authors
of the included SRMAs. This introduced some hetero-
geneity as the CoE method (e.g., GRADE, NutriGrade)
differed among reviews. For example, discrepant CoE
results have been demonstrated when applying GRADE
versus NutriGrade to the same systematic summary evi-
dence [43]. That is, the application of GRADE, a rigorous
approach based on over 30 published guidance papers
and formally adopted by over 100 authoritative organiza-
tions worldwide (e.g. Cochrane Nutrition, WHO) [54, 55],
tends to conservatively rate the CoE lower than Nutri-
Grade methods [43]. Among our 5 high quality reviews,
4 used GRADE, which is more robust, to rate the CoE
while one used NutriGrade [25]. Third, while we deter-
mined the absolute magnitude of effect (very small, small,
moderate, large) for fatal and non-fatal outcomes over
10.8 years (cardiometabolic) to a lifetime (cancer) based
on thresholds used in a high quality dietary guideline
addressing red and processed meat [23], there is no gen-
eral consensus based on surveys of members of the pub-
lic for threshold estimates specific to mortality and major
cancer and cardiometabolic outcomes (e.g., stroke, myo-
cardial infarction). Rather, these thresholds are based on
consensus among 18 guideline panel members including
clinicians, scientists and members of the public across 7
countries. The thresholds considered trade-offs across
all outcomes important to decision-making (e.g., mortal-
ity, health-related quality of life, and dietary satisfaction).
Fourth, in calculating absolute effects for cardiovascular
outcomes, we used data from the Emerging Risk Factors
Collaboration that includes data from over 100 studies
with well-defined criteria and 8.5 million person-years at
risk. However, this dataset pools from studies that include
participants without initial vascular disease [19]. In cases
of secondary cardiovascular disease prevention, we would
expect larger absolute effect sizes than we calculated using
the Emerging Risk Factors Collaboration. As a result, our
estimates should be considered most applicable to the
primary prevention of cardiovascular disease, and con-
sidered in the context of national dietary guidelines that
focus on primary prevention [5]. Individuals at higher
cardiovascular risk typically have access to effective lipid-
lowering drugs (statins) [56], and the effectiveness of
modified SFA in addition to drugs is generally unknown
[38]. Finally, this project was in-part funded by Texas
A&M Agrilife. As a result, some readers may believe
there is a bias in favor of animal-based foods. The AgrilLife
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funds were for investigator-initiated research related to
saturated and polyunsaturated fats, and from interest
and investment earnings, not a sponsoring organization,
industry, or company. Further, it must be noted that the
corresponding authors affiliations with NutriRECS and
EBN.org endeavors to apply GRADE, Guidelines Inter-
national Network, Cochrane and Joanna Briggs Institute
endorsed methods to evidence synthesis allowing read-
ers to have clear summaries of the best available evidence,
methods that include absolute estimates and the certainty
of estimates. While to our knowledge no national dietary
guidelines adhere to these methods, these methods make
decision-makers vividly aware of the magnitude of effect
and certainty of evidence for all health outcomes, ideally
based on high quality SRMAs only.

Strengths of our study methods and findings

Our review has several strengths. First, we conducted
this review following published Cochrane guidance on
the conduct of overviews of reviews [13]. Two review-
ers independently screened, selected, and extracted data
including the estimates of effect and the correspond-
ing CoE for each outcome, and assessed the quality
of conduct of each SRMA using a modified version of
AMSTAR-2. Second, we utilized the AMSTAR-2 criti-
cal appraisal instrument instead of the risk of bias in
systematic reviews (ROBIS) instrument to assess the
quality of the included SRMAs. AMSTAR-2 has slightly
higher reliability compared to ROBIS [57] and provides
instructions that are very easy to apply. Regarding our
modifications of AMSTAR-2, we included two addi-
tional quality items based on a recent systematic sur-
vey of review methodology [58]. In particular, based on
Cochrane guidance, we believe assessing CoE is neces-
sary to help ensure the validity and interpretability of
SRMAs on an outcome by outcome basis [59]. Also,
based on Cochrane guidance, we added an item on
the reporting of absolute estimates of effect. Formal
Cochrane guidance has highlighted concerns with the
exclusive use of relative effects for dichotomous outcome
[55]. When the same treatment effects are expressed in
both relative and absolute terms, relative effects often
yield apparently larger estimates as compared to abso-
lute effects (e.g., in moving from a 2% risk in the control
group to 1% in the exposure groups, one arrives at 50%
relative risk reduction versus 1% absolute risk reduction)
[60, 61]. To avoid misleading clinicians, patients and
members of the public, and to balance the benefits and
harms of an intervention/exposure, authors of SRMAs
should provide review users with absolute effect esti-
mates [62]. While GRADE and Cochrane guidance sup-
port the use of absolute effects in summary of findings
tables of SRMAs [20, 53, 63], a recent systematic survey
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of 150 non-Cochrane systematic reviews in the field of
nutrition reported that only 5 (3.5%) of 150 reviews in
nutrition reported absolute effects [64]. Third, as men-
tioned above, we modified AMSTAR-2 including two
additional items and we bolstered the criteria for item
14 on the assessment of between-study heterogeneity.
Although these modifications to AMSTAR-2 have not
undergone a formal consensus and validation, we believe
they are justified given the importance of reporting CoE
[59], absolute effects [62] and reporting a priori sub-
group analysis plans [65].

Implications for practice

Our findings show considerable uncertainty around link-
ing SFA reduction with improved health outcomes. These
findings are contrary to the orthodox position of the
nutrition community wherein the majority of national
nutrition guidelines promote reducing or replacing SFA
intake for the general population [5, 66]. Across our 17
eligible SRMAs that reported over 100 outcomes (Addi-
tional file 1: Appendix 4), only three outcomes showed
moderate to high CoE for a small but important effect
that was statistically significant — all-cause mortality
[33], combined CV events [38], and mortality in patients
with T2D [39]. In contrast, 5 reviews showed very small
effects on all-cause mortality, with four reporting effects
that were not statistically significant [29, 36, 38, 40, 41].
Given the conflicting results for all-cause mortality and
the limitations of combining cardiovascular outcomes of
varying importance to patients [67], health profession-
als should ideally share the small and uncertain estimates
of effect with patients to encourage informed, value and
preference sensitive decision-making.

Implications for future research

Among 17 included SRMAs, the quality of the reviews was
critically low to moderate for 12 reviews (3 critically low, 1
low, 8 moderate) and high for 5 reviews. Based on the most
frequent limitations across our SRMAs included in our
overview of reviews, future reviews should report absolute
effect estimates and conduct robust heterogeneity explo-
rations using a priori subgroup analysis reported in pub-
licly available SRMA study protocols. In addition, rather
than assessing the certainty of evidence for a non-null
effect (P>0.05), as we have done, investigators conducting
reviews should use GRADE guidance to contextualize the
absolute treatment or exposure effects using thresholds for
small but important effects [22]. Improved reporting qual-
ity will make reviews more interpretable for members of
the public, patients, clinicians and policy-makers. Given
most individuals at moderate to high cardiovascular risk
would be administered effective lipid-lowering drugs (e.g.,
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statins), long-term future trials should focus on reducing
SFA or replacing SFA with PUFA in lower risk individu-
als using valid biomarkers for baseline and achieved (post-
intervention) fatty acid levels [68].

Conclusions

Systematic reviews investigating the impact of SFA on
mortality and major cancer and cardiometabolic out-
comes almost universally suggest very small absolute
changes in risk, and the data is based primarily on low
and very low certainty evidence.
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