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Given the large social impact of dietary advice, it is important that the advice have a solid scientiﬁc
basis. Evidence-based dietary advice should be built on results from all studies available, according
to a given methodology. Conclusions should be a valid representation of the summarized results.
The association between saturated fat intake and cardiovascular disease was examined. Results
from three reports of leading U.S. and European advisory committees were compared with results
as they were presented in the articles referred to. Findings were put into perspective with results
not included in these reports. Different lines of evidence were included in the different reports. No
overlap whatsoever was found in the articles included. Most results from the scientiﬁc literature
were lacking for most different lines of evidence in all reports. All three reports included the effect
of saturated fat on low-density lipoprotein cholesterol in the evidence linking saturated fat to
cardiovascular disease, but the effect on high-density lipoprotein cholesterol was systematically
ignored. Both U.S. reports failed to correctly describe the results from the prospective studies.
Results and conclusions about saturated fat intake in relation to cardiovascular disease, from
leading advisory committees, do not reﬂect the available scientiﬁc literature.
Ó 2012 Elsevier Inc. All rights reserved.
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Introduction
Consumption of saturated fat increases levels of low-density
lipoprotein (LDL) cholesterol [1]. LDL cholesterol has been positively associated with cardiovascular disease (CVD) risk [2].
These ﬁndings have led to worldwide recommendations to
decrease the consumption of saturated fat to decrease the risk of
CVD. The dietary guidelines, published by the U.S. Department of
Agriculture (USDA) and the U.S. Department of Health and
Human Services (USDHHS) in 2010 [3], have been criticized for
being based on an incomplete body of relevant science and for
inaccurately representing or summarizing the science on saturated fat in relation to CVD [4].
To examine the possible inconsistencies between ﬁndings in
the scientiﬁc literature and the dietary advice relating saturated
fat to CVD, results from three reports by important U.S. and
European advisory committees were compared with ﬁndings in
the scientiﬁc literature. The reports included that by the USDA/
USDHHS report, a report about dietary fats from the Institute of
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Medicine (IOM) in 2005 [5], and a report about dietary fats from
the European Food Safety Authority (EFSA) in 2010 [6].
Recommendations from the advisory committees are as
follows:
 Consume less than 10% of calories from saturated fatty acids
by replacing them with monounsaturated and polyunsaturated fatty acids (MUFAs and PUFAs) [3].
 Keep the intake of saturated fatty acids as low as possible
while consuming a nutritionally adequate diet [5].
 Saturated fat intake should be as low as possible [6].
The advisory committees included three types of studies as
support for their recommendations:
1. Controlled trials that showed that saturated fat consumption
increases (LDL) cholesterol levels.
2. Intervention studies that showed that the decrease of saturated fat and the simultaneous increase of polyunsaturated
fat in the diet decrease CVD risk.
3. Prospective cohort studies that showed a positive association between saturated fat intake and coronary heart disease
(CHD) risk.
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Not all advisory committees included all three types of
studies in their results. Table 1 lists the types of studies used as
evidence and the number of studies included in the results from
each type of support.
Saturated fat intake and serum cholesterol levels
What does the scientiﬁc literature tell us?
In 2003, a meta-analysis of 60 controlled trials was published
relating dietary fat intake to serum cholesterol levels [1]. As of
this writing, no systematic review examining the effect of saturated fat on serum cholesterol has since been published. The
analysis showed that saturated fat increases the levels of LDL
cholesterol and high-density lipoprotein (HDL) cholesterol
compared with carbohydrates without changing the ratio of total
to HDL cholesterol. The investigators noticed that, because all
natural fats contain saturated fatty acids, which do not change
this ratio, and unsaturated fatty acids, which lower this ratio,
even the replacement of dairy fat and tropical oils with carbohydrates will negatively inﬂuence the ratio of total to HDL
cholesterol. The investigators did not conclude that changes in
saturated fat intake would change the risk of CVD:
Our results emphasize the risk of relying on cholesterol alone
as a marker of CAD [coronary artery disease] risk. Replacement of carbohydrates with tropical oils markedly raises total
cholesterol, which is unfavorable, but the picture changes if
effects on HDL and apo [apolipoprotein] B are taken into
account. The picture may change again once we know how to
interpret the effects of diet on postprandial lipemia, thrombogenic factors, and other, newer markers. However, as long
as information directly linking the consumption of certain
fats and oils with CAD is lacking, we can never be sure what
such fats and oils do to CAD risk.

What do the advisory committees tell us?
Since the meta-analysis was published in 2003, all three
advisory committees could have considered the data for inclusion in their reports, but only the EFSA report included results
from this meta-analysis. The IOM report chose to include
a previous version of the meta-analysis mentioned [7], including
data from only 27 trials. The USDA/USDHHS report included 11
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apparently randomly selected trials, of which only one
examined the effect from replacement of saturated fat with
carbohydrates [8].
Based on their results, all reports mentioned that saturated
fat increases serum LDL cholesterol levels compared with
carbohydrates. In addition, two of the reports mentioned that
saturated fat increases serum HDL cholesterol compared with
carbohydrates [5,6].
All reports included the effect of LDL cholesterol on CVD in
the evidence linking saturated fat to CVD. However, none of the
reports considered the effect of HDL cholesterol on CVD, even
though a meta-analysis of 61 prospective studies from 2007
showed that LDL cholesterol and HDL cholesterol were independent predictors of ischemic heart disease mortality.
Furthermore, the ratio of total to HDL cholesterol was the
strongest predictor of ischemic heart disease mortality [2]. None
of the reports justiﬁed this choice.
Randomized trials substituting polyunsaturated fat for
saturated fat
What does the scientiﬁc literature tell us?
In 2001, a systematic review of 14 randomized trials was
published examining the effect of replacing saturated fats by
polyunsaturated fats [9]. A signiﬁcant protective effect against
CVD risk was found, but no signiﬁcant association was found
with CVD mortality. No signiﬁcant effects remained after exclusion of the results from the Oslo Diet–Heart Study [10], in which
subjects from the intervention group were also randomized to
ﬁsh consumption. Moreover, meta-regressions from this
systematic review showed that the monounsaturated fat intake
signiﬁcantly increased cardiovascular events, whereas no effects
were found from intakes of the saturated fat or polyunsaturated
fat. The researchers did not conclude that changes in saturated
fat intake would change the risk of CVD.
What do the advisory committees tell us?
Only the EFSA report included data from randomized trials on
the substitution of dietary fats in the results. This report
concluded the following:
A review of three dietary intervention studies has shown that
decreasing the intakes of products rich in SFA [saturated fatty

Table 1
Overview of criteria used to judge the relation between saturated fat and CVD disease in three different reports from advisory committees
Discussed ﬁndings

IOM, 2005

USDA/USDHHS,
2010

EFSA, 2010

Saturated fat increases serum LDL cholesterol
Saturated fat increases serum HDL cholesterol
Effect of serum LDL cholesterol on CVD included when judging the evidence
Effect of serum HDL cholesterol on CVD included when judging the evidence
Controlled trials of dietary fats in relation to serum cholesterol included when
judging the evidence
Systematically reviews controlled trials about saturated fat in relation to serum
cholesterol
Randomized trials of substitution of polyunsaturated fat for saturated fat included
when judging the evidence
Systematically reviews randomized trials about substitution of polyunsaturated
fat for saturated fat
Prospective studies of saturated fat in relation to CVD included when
judging the evidence
Systematically reviews prospective cohort studies of saturated fat in relation to CVD

yes
yes
yes
no
yes (n ¼ 27)

yes
no
yes
no
yes (n ¼ 11)

yes
yes
yes
no
yes (n ¼ 60)

no

no

Yes

no

no

yes (n ¼ 7)

no

no

no

yes (n ¼ 8, including
6 cohorts), cited incorrectly
no

yes (n ¼ 11), cited
incorrectly
no

yes (n ¼ 1)
no

CVD, cardiovascular disease; EFSA, European Food Safety Authority; HDL, high-density lipoprotein; ION, Institute of Medicine; LDL, low-density lipoprotein disease;
USDA, US Department of Agriculture; USDHHS, US Department of Health and Human Services
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acid] plus cholesterol at the expense of products rich in
linoleic acid and alpha-linolenic acid, and low in cholesterol,
decreased the number of cardiovascular deaths (Sacks and
Katan, 2002). No such effects were seen in a fourth study.
Overall, these intervention trials strongly suggest that dietinduced changes in blood total cholesterol concentrations
are causally related to changes in cardiovascular risk. Noteworthy, in these studies, total fat intake was hardly changed.
In three other intervention trials, the reduction of total fat
intake, in particular of saturated fat, and the increase in the
consumption of carbohydrate-rich foods, did not signiﬁcantly
reduce the risk of cardiovascular disease. However, it cannot
be excluded that the duration, compliance, and sample sizes
may have been insufﬁcient to demonstrate a reduction in
coronary events. (p. 46)
The report referred to an article [11] that included results
from only four intervention trials [10,12–14], one of which was
not randomized [14]. It is not clear why the EFSA chose to include
data from this review when results from the systematic review of
14 trials (mentioned earlier) were available.
Prospective studies of saturated fat in relation to CVD
What does the scientiﬁc literature tell us?
At least three systematic reviews of prospective studies were
published examining the direct relation between saturated fat
intake and CVD [15–17]. Meta-analyses showed a consistent lack
of an association between saturated fat intake and CHD [15–17],
stroke [17], or total CVD [17]. All three reviews were published
after, or at approximately the same time as, the reports from the
advisory committees, but the results from the individual
prospective studies, included in these reviews, could have been
considered by the advisory committees. Siri-Tarino et al [17]
included the largest number of cohorts for the association
between saturated fat and CHD (n ¼ 16). Within the deﬁned
period for the literature search, I found eight additional cohorts
examining this association [18–25]. In these eight cohorts,
a signiﬁcantly increased risk was found in one small cohort only
and this effect was restricted to men [19].
In addition, a pooled analysis of 11 cohort studies was published examining the effect of replacing saturated fat by unsaturated fats or carbohydrates [26]. This analysis showed that
combined hazard ratios for coronary events and coronary
deaths for a 5% lower energy intake from saturated fat and
a concomitant higher energy intake from other nutrients were
0.87 (0.77–0.97) for polyunsaturated fat, 1.19 (1.00–1.42) for
monounsaturated fat, and 1.07 (1.01–1.14) for carbohydrates.
None of the investigators from the systematic reviews or the
pooled analysis concluded that changes in saturated fat intake
would change the risk of CVD.
What do the advisory committees tell us?
All the reports included results from the prospective cohort
studies examining the relation between saturated fat intake and
CVD. Different studies were included by the three different
reports.
The IOM report summarized the ﬁndings as follows:
A number of epidemiological studies have reported an association between saturated fatty acid intake and risk of CHD.
The majority of these studies have reported a positive

relationship between saturated fatty acid intake and risk of
CHD and CHD mortality (Goldbourt et al., 1993; Hu et al., 1997,
1999a, 1999c; Keys et al., 1980; McGee et al., 1984). Ascherio
and coworkers (1996) concluded that the association
between saturated fatty acid intake and risk of CHD was not
strong; however, saturated fat and the predicted effects on
blood cholesterol concentrations did affect risk. No association between saturated fatty acid intake and coronary deaths
was observed in the Zutphen Study or the Alpha-Tocopherol,
Beta-Carotene Cancer Prevention Study (Kromhout and de
Lezenne Coulander, 1984; Pietinen et al., 1997). (p. C8-483)
The IOM report stated that most epidemiologic studies reported a positive relation between saturated fat intake and CHD
based on results from nine studies. One of these studies was an
ecologic study [27]. The other studies used a prospective cohort
design. Table 2 presents the associations found by the IOM, and
these are compared with the associations as they were presented
in the articles referred to [20,27–34]. This comparison shows that
three studies in whichdthe IOM stateddpositive relations were
found included the same cohort [28–30]. Moreover, increased
CHD risk/mortality rates from saturated fat intake were stated to
have been found in seven of nine studies. In fact, signiﬁcantly
increased risks were found in only two studies. One used an
ecologic design [27], and the other used a prospective design
[31]. In the latter study, a signiﬁcantly increased risk was found
only in an analysis of saturated fat intake as a percentage of
calories, but not in an analysis of intake in grams per day.
It is not clear why the IOM report included results from these
six cohorts, although the results from at least 11 more cohorts
were available, when published results until 2003 are considered. In addition to the six cohorts included in the meta-analysis
by Siri-Tarino et al., I identiﬁed ﬁve other cohorts [18,19,21–23].
The USDA/USDHHS report included only one article examining the direct relation between saturated fat and CVD. This was
a pooled analysis of 11 cohort studies mentioned earlier [26].
Results from this analysis were summarized as follows:
One meta-analysis examined effects of SFA reduction on
incident coronary heart disease (CHD) outcomes by estimating the anticipated effects from statistical models where
SFA is exchanged for equal energy from MUFA, PUFA, or
carbohydrates (Jakobsen, 2009). These authors examined 11
American and European cohort studies and found a signiﬁcant inverse association for PUFA (with 5% substitution for
SFA) and coronary events (hazard ratio ¼ 0.87, 95% CI, 0.770.97, and coronary death hazard ratio ¼ 0.74, 95% CI, 0.610.89). They also found a positive association between
substitution of MUFA or carbohydrates for SFA and risk of
coronary events, but not risk of coronary deaths. To provide
further context for the question of SFA replacement with
other healthy fats or carbohydrates and CVD risk, a review by
Hu et al. (2001) was helpful. Figure D3.1 shows the estimated
changes in risk of coronary heart disease associated with
isocaloric substitution of SFA (at 5% energy) with healthy fats
such as MUFA or PUFA or carbohydrates, as well as substitution of trans fatty acids (at 2% energy). In all cases of isocaloric
SFA or trans fatty acid substitution, there is a decrease in CHD
risk. (p. D3–16)
In this text, Figure D3.1 refers to Figure 1 from a review article
[35]. As mentioned earlier, this ﬁgure describes the estimated
changes in the risk of CHD associated with isocaloric dietary
substitutions. What is not mentioned is the fact that these estimated changes are based on data from a single prospective study,
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Table 2
Epidemiologic studies of saturated fat intake and CHD included in the IOM report
Study

Cohort name

RR according to the IOM

RR according to original article

Hu et al. [29] (1999)

Nurses’ Health Study

positive relation to risk of CHD and
CHD mortality

Hu et al. [30] (1999)

Nurses’ Health Study

Hu et al. [28] (1997)

Nurses’ Health Study

Ascherio et al. [32] (1996)

Health Professionals
Follow-Up Study

Goldbourt et al. [33] (1993)

Israeli Ischemic Heart
Disease Study

positive relation to risk of CHD and CHD
mortality
positive relation to risk of CHD and CHD
mortality
no strong association between saturated fat
and CHD risk, but the predicted effects on
blood cholesterol concentrations did affect risk
positive relation to risk of CHD and CHD
mortality

1.00 (0.82–1.21, P ¼ 0.60) for 4:0–10:0
saturated fatty acids; 1.04 (0.72–1.48, P ¼ 0.47)
for 12:0–18:0 saturated fatty acids
1.34 (0.82–2.21, P ¼ 0.32)

McGee et al. [31] (1984)

Honolulu Heart Program

positive relation to risk of CHD and
CHD mortality

Keys et al. [27] (1980)

Seven Countries Study

Pietinen et al. [34] (1997)
Kromhout et al. [20] (1984)

ATBC Study
Zutphen Study

positive relation to risk of CHD and
CHD mortality
no association with coronary deaths
no association with coronary deaths

1.07 (0.77–1.48, P ¼ 0.37)
0.96 (0.73–1.27, P ¼ 0.69)

CHD mortality rate per 10 000 ¼ 49 for highest
versus 61 for lowest quintile of consumption;
in multivariate analysis, RR approached 1
(data not tabulated)
saturated fat as larger percentage of calories
signiﬁcantly increased MI or CHD death (P < 0.01),
but no association was found for high versus
low consumption (no P value available)
average population intake of saturated fat was strongly
related to 10- and 25-y population CHD mortality rates
0.93 (0.60–1.44, P ¼ 0.91)
nonsigniﬁcant protective effect (P ¼ 0.09)

ATBC, Alpha-Tocopherol, Beta-Carotene Cancer Prevention; CHD, coronary heart disease; IOM, Institute of Medicine; MI, myocardial infarction; RR, relative risk

the Nurses’ Health Study [28]. However, the pooled analysis by
Jakobsen et al. [26] also includes data from the Nurses’ Health
Study, with a slightly longer period of follow-up (16.5 versus 14
y), and Jakobsen et al. referred to the same article for the
included data.
This means that pooled data from 11 cohort studies were “put
into perspective” by estimated changes from one cohort included
in these data. The researchers from this pooled analysis found
that the substitution of MUFAs or carbohydrates for saturated
fatty acids increased risk of coronary events. The USDA/USDHHS
ignored these ﬁndings and found more evidence for the opposite
effect, based on data from one cohort included in this pooled
analysis, after a shorter follow-up period.
Further on in the text, the USDA/USDHHS describes the
ﬁndings by Jakobsen et al. as follows:
A pooled analysis of 11 prospective cohort studies showed
that risk of coronary events and coronary death was lowest
with 5 percent energy substitution of SFA with PUFA > MUFA
> carbohydrate (Jakobsen, 2009). (p. D3–24)
This type of wording suggests that the pooled analysis found
a decreased risk of replacing saturated fat by monounsaturated
fat or carbohydrates, although actually the opposite was true, as
mentioned earlier.
It is unclear why the USDA/USDHHS included this pooled
analysis of 11 prospective studies, although results from at least
17 more prospective studies were available, when results until
2008 are considered. In addition to 10 cohorts included in the
meta-analysis by Siri-Tarino et al., I identiﬁed seven other
cohorts [18,20–25].
The EFSA report described the effect from one prospective
cohort study [36] providing information about the relation
between saturated fat intake and stroke:
In the Health Professional follow up study, no relationships
between total fat intake or intake of SFA, cis-MUFA, and n-6
PUFA with risk of stroke have been reported (He et al., 2003).
(p. 46)
It is unclear why the EFSA mentioned this one article.

Summary
Reports from all three advisory committees mentioned that
saturated fat intake increases LDL cholesterol and included the
effect of LDL cholesterol on CVD in the evidence for an association between saturated fat and CVD. Reports from two of the
three advisory committees (IOM and EFSA) mentioned that
saturated fat intake increases HDL cholesterol, but none of the
reports considered the effect of HDL cholesterol on CVD in the
evidence for an association between saturated fat and CVD,
although a meta-analysis of 61 prospective studies found the
ratio of total to HDL cholesterol to be the strongest predictor of
ischemic heart disease mortality. Only the EFSA report included
effects from a meta-analysis of 60 controlled trials. The IOM
report chose to include an older version of this meta-analysis.
The USDA/USDHHS report chose not to include results from the
vast majority of available trials.
Only the EFSA report included data from randomized trials
about the substitution of dietary fats in the evidence for an
association. The evidence was based on a review of four
randomly selected intervention trials, although evidence from
a systematic review of 14 randomized trials was available.
Results from this systematic review showed that the effect from
the substitution of dietary fats could be attributed to monounsaturated fat intake, instead of saturated fat intake.
None of the reports from the advisory committees systematically evaluated results from prospective studies examining the
direct relation between saturated fat intake and CVD. All three
reports excluded results from the majority of studies available.
None of the reports included any of the articles included in one of
the other reports. Instead, all committees included their own
randomly selected data on this subject. Moreover, the two U.S.
reports misrepresented their results. The IOM report stated that
most epidemiologic studies found a positive association between
saturated fat intake and CHD, although signiﬁcantly increased
risks were found in only two of nine articles included in the
results. The USDA/USDHHS report ignored the effects found by
their own results and suggested that replacing saturated fats by
carbohydrates or monounsaturated fats decreases the CHD risk.
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Based on their results, none of the investigators from the
systematic reviews included in this article concluded that
changes in saturated fat intake would change the risk of CVD,
regardless of the study design and the endpoint.

[6]

Conclusion

[7]

The results and conclusions about saturated fat intake in
relation to CVD, from leading advisory committees, do not reﬂect
the available scientiﬁc literature.
Discussion
The EFSA report was the only one to include data from
randomized trials about the substitution of dietary fats in the
results. Three meta-analyses of randomized trials were published from 2009 through 2010 [15,37,38] at approximately the
same time as the EFSA report was published. Two analyses,
including data from seven [37] and eight [15] trials, found (non)
signiﬁcant protective effects of substituting polyunsaturated fat
for saturated fat against CHD risk and CHD mortality, but both
analyses included results from a non-randomized trial [14,39].
In the most recent meta-analysis, Ramsden et al. [38]
included seven trials. The researchers also found a signiﬁcant
protective effect against CHD risk but no signiﬁcant association
with CHD mortality [38]. They mentioned that the study nonhydrogenated oils were substituted for trans fatty acid–
containing fats for subjects in the intervention group in each of
the trials included in all three meta-analyses. Several other
possible confounders have been identiﬁed. For example, in the
STARS Study, the intervention group was advised to consume
more fruits and vegetables [40]. In the Oslo Diet–Heart Study, the
intervention group was advised to consume more vegetables,
fruits, nuts, and whole grains [41]. In the LA Veterans Study, the
control group was distinctly deﬁcient in vitamin E [12]. All these
variables have been linked to CHD [16]. This shows that none of
these trials simply evaluated the effects of replacing saturated fat
by polyunsaturated fat, making it impossible to isolate the effects
from saturated fats on CHD. None of the investigators cited in the
three meta-analyses concluded that changes in saturated fat
intake would change the risk of CVD.
This leaves two types of studies to examine a possible effect
from saturated fat on CVD: prospective cohort studies with CVD
as the endpoint and controlled feeding trials with cholesterol as
the endpoint. We should ask ourselves if we want to represent
results from these types of studies to the general public as
described in this review.
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