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Abstract Dietary and policy recommendations fre-
quently focus on reducing saturated fatty acid consumption
for improving cardiometabolic health, based largely on
ecologic and animal studies. Recent advances in nutritional
science now allow assessment of critical questions about
health effects of saturated fatty acids (SFA). We reviewed
the evidence from randomized controlled trials (RCTs) of
lipid and non-lipid risk factors, prospective cohort studies
of disease endpoints, and RCTs of disease endpoints for
cardiometabolic effects of SFA consumption in humans,
including whether effects vary depending on specific SFA
chain-length; on the replacement nutrient; or on disease
outcomes evaluated. Compared with carbohydrate, the
TC:HDL-C ratio is nonsignificantly affected by consump-
tion of myristic or palmitic acid, is nonsignificantly
decreased by stearic acid, and is significantly decreased by
lauric acid. However, insufficient evidence exists for dif-
ferent chain-length-specific effects on other risk pathways
or, more importantly, disease endpoints. Based on consis-
tent evidence from human studies, replacing SFA with
polyunsaturated fat modestly lowers coronary heart disease
risk, with ~ 10% risk reduction for a 5% energy substitu-
tion; whereas replacing SFA with carbohydrate has no
benefit and replacing SFA with monounsaturated fat has
uncertain effects. Evidence for the effects of SFA
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consumption on vascular function, insulin resistance, dia-
betes, and stroke is mixed, with many studies showing no
clear effects, highlighting a need for further investigation
of these endpoints. Public health emphasis on reducing
SFA consumption without considering the replacement
nutrient or, more importantly, the many other food-based
risk factors for cardiometabolic disease is unlikely to pro-
duce substantial intended benefits.
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Abbreviations

BMI Body mass index

CHD Coronary heart disease

CHO Carbohydrate

CRP C-reactive protein

CVD Cardiovascular disease

FMD Flow-mediated dilatation

FSIGTT Frequently sampled intravenous glucose
tolerance test

GLP-1 Glucagon-like peptide-1

HBAlc Glycosylated hemoglobin

HDL High-density lipoprotein

HOMA  Homeostasis model assessment

IL Interleukin

LA Linoleic acid

LDL Low-density lipoprotein

MCP Monocyte chemoattractant protein

MUFA  Monounsaturated fatty acids

PUFA Polyunsaturated fatty acids

PWV Pulse wave velocity

RCT Randomized controlled trial

SFA Saturated fatty acids

TC Total cholesterol
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TFA Trans fatty acids

TNF Tumor necrosis factor

USFA Unsaturated fatty acids

WHI Women’s Health Initiative

9%E Percentage of total energy intake
Introduction

Reducing the consumption of saturated fatty acids (SFA) is
a pillar of international dietary recommendations to reduce
the risk of cardiovascular disease (CVD) [1-3]. The World
Health Organization and the US Dietary Guidelines rec-
ommend consuming less than 10%E (percentage of total
energy intake) from SFA [4], and the American Heart
Association less than 7%E [3]. The strong focus on SFA as
a risk factor for CVD originated in the 1960s and 1970s
from lines of evidence including ecologic studies across
nations, short-term metabolic trials in generally healthy
adults assessing total cholesterol (TC) and low-density
lipoprotein cholesterol (LDL-C), and animal experiments
that together appeared to provide consistent support that
SFA intake increased the risk of coronary heart disease
(CHD).

However, several critical questions have remained about
the relationship between SFA consumption and CVD risk.
First, do health effects of reducing SFA consumption vary
depending on whether the replacement nutrient is carbo-
hydrate (CHO), monounsaturated fat (MUFA), or polyun-
saturated fat (PUFA)? A historical emphasis on low fat
diets has produced drops in SFA consumption in the US
and many other nations, but with concomitant increases in
CHO, rather than MUFA or PUFA, as the replacement
nutrient [1]. Is there strong evidence to support this dietary
strategy? Second, do health effects of SFA vary depending
on the chain-length, i.e. comparing 12-, 14-, 16-, and 18-
carbon SFA? Current dietary recommendations generally
focus on overall SFA consumption, without strong atten-
tion on specific SFA. Third, what is the relationship
between SFA consumption and risk of stroke and type 2
diabetes mellitus? Historically, research on SFA has
focused largely on CHD.

Advances in nutritional science in the last two decades
now provide a substantial body of evidence to answer these
questions (Fig. 1). These include well-conducted random-
ized controlled trials (RCTs) of SFA nutrient substitutions
and multiple risk pathways as endpoints, including multiple
lipid and also non-lipid risk factors (rather than only TC
and LDL-C); and large prospective cohort studies and
meta-analyses of RCTs of SFA consumption and clinical
disease endpoints, that provide more direct evidence for
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Fig. 1 Advances in nutritional science research paradigms. For
causal inference about how dietary habits affect chronic disease, the
best evidence is derived from randomized controlled trials (RCTs) of
multiple risk pathways, observed differences in disease endpoints in
prospective cohort studies, and effects on disease endpoints in RCTs.
Conclusions can be considered most robust when these complemen-
tary lines of evidence provide concordant results. Adapted with
permission from Harris, Mozaftarian, et al. 2009 [90]

effects on disease compared with changes in risk factors
alone. Given the complementary strengths and limitations
of these newer research paradigms, conclusions can be
considered most robust when studies from each paradigm
provide concordant evidence for health effects of SFA
consumption. Together these research advances provide
much stronger evidence for causal inference than data from
prior available ecologic studies, limited metabolic studies,
and animal experiments.

To elucidate the effects of SFA consumption on CVD
risk based on the most current evidence, we reviewed the
data from RCTs of multiple risk factors, large prospective
cohort studies of disease endpoints, and RCTs of disease
endpoints. When sufficient evidence was available, we
particularly focused on the potentially different health
effects of varying the replacement nutrient; of different
chain-length SFA; and of specific effects on CHD, stroke,
and diabetes.

Methods

Two investigators independently reviewed the literature for
English-language articles published through Sep 2009 by
performing searches of Medline, hand-searching of citation
lists, and direct contact with experts. Inclusion criteria were
any RCT or observational study in adults evaluating SFA
consumption and the risk of CHD, stroke, or type 2 dia-
betes and related risk pathways, including lipids and lipo-
proteins, systemic inflammation, vascular function, and
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insulin resistance (1,254 identified articles). Search terms
included “saturated fat(s)”, “lipoproteins”, “inflamma-
tion”, “blood pressure”, “vascular function”, “insulin
resistance”, ‘“‘cardiovascular diseases”, and “diabetes
mellitus”. We focused on identifying RCTs of major risk
factors, large prospective cohort studies of disease end-
points, and RCTs of disease endpoints, given strengths of
these designs and their complementary limitations. We
excluded a priori animal experiments, ecological studies,
commentaries, general reviews, and case reports. Studies
were independently considered by the two investigators for
inclusion; rare differences were resolved by consensus.

Effects on Cardiovascular Risk Factors
Lipids and Lipoproteins

RCTs have established clear multiple effects of SFA con-
sumption on circulating lipids and lipoproteins [5, 6]. Each
of these effects varies depending on the comparison
nutrient, i.e., the nutrient isocalorically replaced for SFA
(Fig. 2). Compared with CHO, SFA intake raises TC and
LDL-C, but also lowers triglycerides and raises high-den-

conflicting directions of effects, effects on apolipoproteins
or, even better, a more global risk marker such as the
TC:HDL-C ratio may provide the best overall indication of
potential effects on CHD risk. Compared with CHO, SFA
intake has no significant effects on the TC:HDL-C ratio or
ApoB levels, and raises ApoAl levels. In contrast, con-
sumption of PUFA or MUFA in place of SFA leads to
lowering of TC, LDL-C, and ApoB; slight lowering (for
PUFA) of HDL-C and ApoAl; little effect on triglycerides;
and lowering of the TC:HDL-C ratio. Compared with trans
fatty acids (TFA), SFA intake has minimal effects on LDL-
C but raises HDL-C and lowers triglycerides and lipopro-
tein(a), with improvement in the TC:HDL-C ratio [7].
Thus, consideration of which nutrient is being replaced is
essential when considering lipid effects or designing die-
tary guidelines or policy measures related to SFA con-
sumption. Overall, the changes in lipid and apolipoprotein
levels predict minimal effects on CHD risk when CHO
replaces SFA, benefits when PUFA or MUFA replace SFA,
and harms when TFA replace SFA.

Effects of SFA consumption on serum lipids and lipo-
proteins further vary according to which specific SFA is
consumed (Fig. 3) [5]. With CHO consumption as the
reference, lauric (12:0), myristic (14:0), and palmitic (16:0)
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Fig. 2 Changes in blood lipid levels for consumption of saturated
fatty acids (SFA), monounsaturated fatty acids (MUFA), polyunsat-
urated fatty acids (PUFA), or trans fatty acids (TFA) as an isocaloric
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replacement for carbohydrate (CHO) as a reference, based on two

meta-analyses of randomized controlled feeding trials [5, 6]. f§ reflects
the change for each 1% energy isocaloric replacement; *P < 0.05
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Fig. 3 Changes in blood lipid levels for consumption of different
chain-length saturated fatty acids (SFA) as an isocaloric replacement
for carbohydrate (CHO), based on meta-analysis of randomized

not. All SFA raise HDL-C, but HDL-raising effects are
greater as chain-length decreases. Overall, the TC:HDL-C
ratio is not significantly affected by myristic or palmitic
acid consumption, is nonsignificantly decreased by stearic
acid consumption, and is significantly decreased by lauric
acid consumption (Fig. 3). These effects suggest little CHD
benefit of replacing myristic, palmitic, or stearic acid with

CHO, and potential harm of replacing lauric acid with
CHO.

Systemic Inflammation

Inflammation independently increases risk of CVD and
diabetes [8—11]. Compared with lipid effects, the influence
of SFA consumption on inflammation is less well investi-
gated, with mixed results. In a randomized cross-over trial,
20 healthy men consumed a high SFA (22%E SFA), a high
MUFA (24%E MUFA), and a high CHO high PUFA
(55%E CHO, 8%E PUFA) diet for 4 weeks [12]. At the
end of each intervention period, participants were given a
fat-rich breakfast (60%E fat) with similar fat composition
to that of each diet. Consumption of a butter-rich breakfast
(35%E SFA) had no effect on postprandial plasma levels of
tumor necrosis factor (TNF)-«, interleukin (IL)-6 or
monocyte chemoattractant protein (MCP)-1, compared
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controlled feeding trials [5]. f§ reflects the change for each 1% energy
isocaloric replacement; *P < 0.05

with an olive oil-rich breakfast (36%E MUFA) or a walnut-
rich breakfast (16%E PUFA) [12]. In another cross-over
trial of 50 healthy men, consumption of low-chain SFA
(12:0-16:0) for 5 weeks (8%E) had no effect on fibrinogen,
C-reactive protein (CRP), or IL-6 levels; similar con-
sumption of stearic acid (18:0) increased plasma levels of
fibrinogen, but not of CRP or IL-6, compared with CHO
[13]. Among hypercholesterolemic subjects (n = 18), a
one-month diet with 16.7%E from SFA (butter), compared
with 12.5%E from PUFA (soybean oil), resulted in a trend
toward higher macrophage production of TNF-«, without
effects on IL-6 [14].

Observational studies investigating associations between
SFA intake and markers of inflammation are limited [15,
16]. Among 4,900 US adults, dietary SFA intake was not
cross-sectionally associated with CRP levels, after adjust-
ing for other risk factors and lifestyle behaviors [15]. Other
cross-sectional studies have been very small and/or not
multivariable-adjusted [16]. Observational studies of cir-
culating (e.g., plasma) or tissue (e.g., adipose) SFA levels
[17, 18] are helpful for investigating effects of metabolism
but not of SFA consumption, as circulating and tissue SFA
are poorly reflective of dietary SFA due to endogenous
synthesis and regulation by lipolysis, lipogenesis, and beta-
oxidation [19-22]. Overall, the limited and mixed evidence
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Table 1 Effects of saturated fatty acids on blood pressure, endothelial function, and arterial stiffness in human feeding trials

Study Outcome N  Duration Design Comparison SFA replaced by
PUFA MUFA TFA CHO

Margetts Blood pressure 54 6 weeks Cross-over 18%E SFA versus 15%E PUFA —
et al. [26]

Puska et al.  Blood pressure 84 12 weeks Parallel 11%E SFA versus 8%E PUFA —
[27]

Sacks et al.  Blood pressure 21 6 weeks Cross-over 16%E SFA versus 14%E PUFA or > -
[28] 52%E CHO

Storm et al.  Blood pressure 15 3 weeks Cross-over 13%E 18:0 SFA versus 16%E 16:0 SFA —
[29] or 51%E CHO

Piers et al. Blood pressure 8 4 weeks Cross-over 24%E SFA versus 23%E MUFA —
(30]

Sanders et al. Blood pressure 110 6 months Parallel 17%E SFA versus 17%E MUFA or - -
[31] CHO*

Uusitupa Blood pressure 159 6 months Parallel 14%E SFA vs. 8%E PUFA, 11%E — s —
et al. [33] MUFA, or 53%E CHO

Lahoz et al.  Blood pressure 42 5 weeks Consecutive diets- 17%E SFA versus 21%E MUFA or l l
[32] non randomized 13%E PUFA

Rasmussen  Blood pressure 162 3 months Parallel 18%E SFA versus 21%E MUFA l
et al. [34]

de Roos et al. Endothelial 29 4 weeks Cross-over 23%E SFA versus 9%E TFA |
[35] function - FMD

Fuentes et al. Endothelial 22 4 weeks Cross-over 20%E SFA versus 22%E MUFA or i -
[36] function — FMD 57%E CHO

Keogh et al. Endothelial 40 3 weeks Cross-over 19%E SFA versus 19%E MUFA, 10%E 1 1 i
[37] function — FMD PUFA, or 65%E CHO

Sanders et al. Endothelial 110 6 months Parallel 17%E SFA versus 17%E MUFA or — —
[31] function — FMD CHO?

Keogh et al.  Arterial stiffness 40 3 weeks Cross-over 19%E SFA versus 19%E MUFA, 10%E < — —
[37] - PWV PUFA, or 65%E CHO

Sanders et al. Arterial stiffness 110 6 months Parallel 17%E SFA versus 17%E MUFA or > —
[31] —PWV CHO?

Direction of effect on reported outcome (] increased; | decreased; < no effect)

CHO carbohydrate, MUFA monounsaturated fatty acids, FMD brachial artery flow-mediated dilatation, PUFA polyunsaturated fatty acids, PWV
pulse wave velocity, SFA saturated fatty acids, TFA trans fatty acids, %E percentage of total energy intake

4 %E not reported

precludes strong conclusions about potential pro-inflam-
matory effects of SFA consumption.

Blood Pressure, Endothelial Function, and Arterial
Stiffness

Effects of dietary SFA on markers of vascular function
including blood pressure, endothelial function, and arterial
stiffness are similarly not well characterized [23]. A few
observational studies have evaluated SFA intake and inci-
dence of hypertension, with mixed results [24, 25]. Among
30,681 US men followed for 4 years, no significant asso-
ciations were seen between SFA intake and incident
hypertension, after adjusting for age, body mass index, and
alcohol consumption [24]. In contrast, among 11,342 US

men in the MRFIT study, SFA intake was cross-sectionally
positively associated with systolic and diastolic blood
pressure, after adjusting for risk factors and lifestyle
behaviors, although no adjustments were made for other
dietary fats, CHO, or protein [25].

Randomized controlled feeding trials ranging in dura-
tion from 3 weeks to 6 months have demonstrated mixed
results of SFA intake compared with MUFA, PUFA, TFA,
or CHO on measures of blood pressure, endothelial dys-
function, and/or arterial stiffness [23] (Table 1). Among
nine trials assessing blood pressure, seven observed no
differences between the different diets [26—34]. These trials
evaluated a range of SFA consumption levels and
replacement nutrients (Table 1). Improvements in BP were
seen in two of five RCTs including a comparison to
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MUFA, one of five RCTs including a comparison to PUFA,
and zero of four RCTs including a comparison to CHO.
Among four trials assessing indices of endothelial function,
three observed differences in brachial artery flow-mediated
dilatation (FMD) between the different diets [31, 35-37].
Improvements in endothelial function were seen in two of
three RCTs including a comparison to MUFA, one RCT
including a comparison to PUFA, and one of three RCTs
including a comparison to CHO; endothelial function was
worsened in one RCT replacing SFA with TFA. In two
trials evaluating arterial stiffness as assessed by pulse wave
velocity (PWV) [31, 37], no effects of reducing SFA
consumption were seen, including two RCTs including a
comparison to MUFA, one RCT including a comparison to
PUFA, and two RCTs including a comparison to CHO.
Thus, evidence for effects of SFA consumption on vascular
function is mixed, with no clear pattern based on under-
lying population characteristics, SFA consumption levels,
or the comparison nutrient, and with most studies sug-
gesting no effects.

Insulin Resistance and Diabetes

SFA has been considered a risk factor for insulin resistance
and diabetes mellitus [38], but review of the current evi-
dence indicates surprisingly equivocal findings. SFA con-
sumption inconsistently affects insulin resistance in
controlled trials (Table 2) and has not been associated with
incident diabetes in prospective cohort studies (Fig. 4) [39—
52]. Among generally healthy individuals, most RCTs
show no differences in markers of glucose-insulin
homeostasis comparing different intakes of SFA versus
MUFA, PUFA, or CHO. Findings are more mixed among
individuals having or predisposed to insulin resistance. In
these individuals, improvements in markers of glucose-
insulin homeostasis were seen in three of five RCTs
including a comparison to MUFA, one of three RCTs
including a comparison to PUFA, and one RCT including a
comparison to CHO. Among all these trials, the great
majority were short-term (up to several weeks) and sur-
prisingly small (<20 subjects). The two largest trials
(n = 162, n = 59) found SFA to worsen several indices of
glucose-insulin homeostasis in comparison to MUFA (two
trials) or CHO (one trial).

Significant additional insight into effects of dietary fats
on glucose-insulin homeostasis can be gained from long-
term studies evaluating actual onset of diabetes. Among
four large prospective cohort studies, none found inde-
pendent associations between consumption of either SFA
(Fig. 4) or MUFA and onset of diabetes [53-56]. In con-
trast, three of four cohorts [54] observed lower incidence of
diabetes with greater consumption of PUFA and/or vege-
table fat [53, 55, 56]. In the large Women’s Health
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Initiative trial (n = 45,887), SFA intake was reduced in the
intervention group from 12.7 to 9.5%E over 8 years as part
of overall total fat reduction, largely replaced with CHO
[57]. In this large RCT, this significant reduction in SFA
consumption had no effect on fasting glucose, fasting
insulin, homeostasis model assessment (HOMA) insulin
resistance, or incident diabetes (RR = 0.95, 95%
CI = 0.90-1.03).

Thus, some evidence from short-term RCTs suggests
that SFA consumption in place of MUFA may worsen
glucose-insulin homeostasis, especially among individuals
predisposed to insulin resistance. However, several long-
term observational studies and one large RCT suggest no
effect of SFA consumption on onset of diabetes. Further
confirmatory results of either harm or no effect in addi-
tional appropriately powered studies are needed given the
present inconsistency of effects across all studies.

Weight Gain and Adiposity

The role of total dietary fat in obesity has been widely
studied due to its high energy content (9 kcal/g) and sub-
sequent potential for weight gain [S8—60]. Based on RCTs
of weight loss with balanced-intensity interventions (i.e.,
all individuals receiving similar guidance and follow-up,
with only the specific dietary advice varying) and pro-
spective observational studies of weight gain, the %E from
total fat does not have strong effects on adiposity compared
with overall quality and quantity of foods consumed.
Evidence for independent effects of specific dietary fats
such as SFA on weight gain or adiposity are much more
limited. In two large prospective cohort studies, increases
in SFA consumption were associated with very small
increases in abdominal circumference [61] or body weight
during 8-9 years follow-up [62] compared with CHO, after
adjusting for other risk factors and lifestyle and dietary
behaviors.

Relationships with Cardiovascular Events
Coronary Heart Disease—Prospective Cohort Studies

Most individual prospective cohort studies have not
observed an independent relationship between SFA con-
sumption and incident CHD [63-67]. The relatively small
number of published studies, among the many available
international cohorts, also raises concern for potential
publication bias (i.e., additional unreported null studies).
Two recent systematic reviews and meta-analyses, the first
including 9 cohorts (11 estimates) evaluating 160,673
individuals [64], and the second including 16 cohorts
among 214,182 individuals [68], found no significant
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Fig. 4 Relative risk of incident
diabetes associated with
consumption of saturated fat
(SFA). Multivariable-adjusted
results from prospective cohort
studies and the overall pooled
result using fixed-effects meta-
analysis are shown. Results
from the Women’s Health
Initiative randomized controlled
trial are also shown comparing
controls (higher SFA intake) to
the intervention group in which
SFA was reduced by ~3.2%E
over 8 years [79]. CI's for
Harding et al.[56] were
estimated based on the numbers
of cases
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association between SFA intake and CHD risk. Comparing
the highest to the lowest category of consumption, the
pooled RRs in these two meta-analyses were 1.06 (95%
CI = 0.96-1.15) and 1.07 (95% CI = 0.96-1.19), respec-
tively. These meta-analyses suggest no overall effect of
SFA consumption on CHD events. However, these studies
were unable to separately evaluate whether consuming
SFA might have different effects on CHD events depend-
ing on the nutrient replaced, as would be suggested by
differing effects of SFA, depending on the comparison
nutrient, on blood lipids and apolipoproteins (Fig. 2).

The best observational evidence to-date of this question
is a recent pooled analysis of individual-level data from 11
prospective cohort studies across three continents, includ-
ing 344,696 individuals with 5,249 CHD events over
4-10 years of follow-up [69]. In fully multivariable-
adjusted analyses, SFA consumption was associated with
higher CHD risk only in comparison to PUFA. In other
words, only consumption of PUFA in place of SFA was
associated with lower CHD risk, whereas in fact con-
sumption of CHO or MUFA in place of SFA was associ-
ated with higher CHD risk or trends toward higher CHD
risk (Fig. 5). These associations were similar when analy-
ses were restricted to CHD deaths only, and were not
different in subgroups stratified by either sex or age.

Coronary Heart Disease—Randomized Controlled
Trials

Eight RCTs have investigated the effects of consuming
PUFA (either total or linoleic acid, LA) in place of SFA on
CHD events [70-77]. Most of these trials individually
found no significant effects. A recent meta-analysis of
these RCTs, including a total of 13,614 participants with

1,042 CHD events, found that CHD risk was lowered by
10% for each 5%E greater PUFA intake replacing SFA
[78] (Fig. 5). Many of these trials have important limita-
tions, including for example not being double-blind;
incompletely assessing compliance; randomizing sites
rather than individuals and having open enrollment and
drop-out; and/or including vegetable oils that contained
omega-3 PUFA of plant origin that may provide cardio-
vascular benefits unrelated to decreased SFA intake.
Nonetheless, the overall findings from these RCTs of CHD
endpoints are consistent with the results from prospective
cohorts (Fig. 5).

One large RCT has tested the effect of reducing SFA
consumption, replaced largely with CHO, on CHD events.
As described, the Women’s Health Initiative trial random-
ized 46,558 women to lower total fat consumption, that
included lowering of SFA consumption by ~3%E over
8 years, and largely replaced with CHO. Even though this
was an unbalanced intervention (i.e., the intervention group
received extensive dietary counseling, whereas the control
group received usual care) that would generally bias toward
risk-reduction in the intervention group, there were no
significant effects on either incident CHD (RR = 0.93,
95%CI = 0.83-1.05) or total CVD (RR = 0.96, 95%CI =
0.89-1.03) [79]. This absence of benefit for substituting
SFA with CHO is consistent with expected effects based on
lipid changes (TC:HDL ratio) or observed relationships in
prospective cohort studies (Fig. 5).

Stroke: Prospective Cohorts and Randomized
Controlled Trials

Among five prospective cohort studies evaluating SFA
consumption and incidence of stroke, one of three found

&) Springer AOCS &



902

Lipids (2010) 45:893-905
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Fig. 5 Effects on coronary heart disease (CHD) risk of consuming
polyunsaturated fat (PUFA), carbohydrate (CHO), or monounsatu-
rated fat (MUFA) in place of saturated fat (SFA). Predicted effects are
based on changes in the TC:HDL-C ratio in short-term trials [5],
coupled with observed associations between the TC:HDL-C ratio and
CHD disease events in middle-aged adults [91]. Evidence for effects
of dietary macronutrients on actual CHD events comes from a meta-
analysis of eight randomized controlled trials (RCTs) for PUFA

SFA to be associated with lower risk of ischemic stroke
[80-82], and one of three found SFA to be associated with
lower risk of hemorrhagic stroke [80, 83, 84]. Four pro-
spective cohorts have also observed protective associations
between animal protein intake, that is often consumed
together with SFA, and risk of hemorrhagic stroke [85]. A
recent systematic review and meta-analysis of eight pro-
spective cohorts also found that SFA consumption was
associated with trends toward lower risk of stroke: com-
paring the highest to the lowest category of SFA intake, the
RR was 0.81 (95% CI = 0.62-1.05) [68]. In the Women’s
Health Initiative trial, reduction in SFA consumption did
not have a significant effect on incident stroke over 8§ years
(RR =1.02, 95% CI = 0.90-1.17) [79]. Thus, overall,
SFA consumption does not appear to increase the risk of
stroke, and in fact some studies suggest a protective effect.
Further investigation of these effects, including indepen-
dence from potential benefits of animal protein intake, is
warranted.

Future Research Directions

The multiple well-designed studies reviewed herein pro-
vide substantial evidence for health effects of SFA

&\ Springer ANOCS &

replacing SFA, including 13,614 participants with 1,042 CHD events
[78]; and from the Women’s Health Initiative (WHI) RCT for CHO
replacing SFA, including 46,558 individuals with 1,185 CHD events
and ~3.2%E reduction in SFA over 8 years [79]. Evidence for
observed relationships of usual dietary habits with CHD events comes
from a pooled analysis of 11 prospective cohort studies, including
344,696 individuals with 5,249 CHD events [69]. Reproduced with
permission from Mozaffarian et al., in press [78]

consumption. However, important questions remain.
Although replacement of SFA with CHO appears to pro-
vide no overall CVD benefit, indirect lines of evidence
suggest that effects could vary depending on overall CHO
quality [86-88]. For example, replacing SFA with less
processed, higher fiber, lower glycemic index CHO could
provide benefit, whereas replacing SFA with more pro-
cessed, lower fiber, higher glycemic index CHO might
have no effects or even be harmful. Effects of replacing
SFA with CHO could also vary with an individual’s sus-
ceptibility to insulin resistance/metabolic syndrome, in
whom adverse metabolic effects of highly refined CHO
may be more pronounced. Evidence for effects of replacing
SFA with MUFA is mixed. Such effects could vary
depending on other constituents in MUFA-containing
foods (e.g., animal fats vs. vegetable oils), for example due
to potentially beneficial phytochemicals and flavanols
contained in the latter but not the former. Each of these
issues requires direct investigation. Additionally, whereas
the substantial differences in blood lipid effects of different
chain-length SFA are clear, blood lipids represent only one
set of intermediate risk markers. Investigation of the effects
of different chain-length SFA on other risk pathways and,
more importantly, on disease endpoints is urgently needed
to determine the extent to which dietary and policy
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recommendations should focus on specific SFA rather than
overall SFA consumption. Additional investigation of
effects of SFA consumption on blood pressure, endothelial
function, insulin resistance, diabetes, and stroke (plus
stroke subtypes) is also needed, including consideration of
potential variation depending on both the replacement
nutrients and specific chain-length SFA under consider-
ation. Future research should also evaluate the health
effects of specific foods consumed, i.e., SFA intake from
different meats versus dairy versus tropical fats, as well as
how individual factors, such as age, sex, lifestyle factors,
predisposition to insulin resistance, or genetic variation,
may alter such responses.

Conclusions

Current public health dietary recommendations often pri-
oritize the reduction of SFA consumption to prevent CVD. A
review of the current evidence, particularly findings from
well-performed RCTs of risk pathways, large prospective
cohorts of disease endpoints, and RCTs of disease endpoints,
suggests that this focus may not produce the intended ben-
efits. First of all, substantial evidence indicates that health
effects of reducing SFA vary depending on the replacement
nutrient. Based on the best evidence from human studies,
replacing SFA with PUFA (e.g., vegetables, vegetable oils)
lowers CHD risk, whereas replacing SFA with CHO has no
benefits. Replacing SFA with MUFA has uncertain effects,
based on mixed evidence within and across different
research paradigms. Of note, the effects of replacing SFA
with PUFA or CHO, but not MUFA, on clinical CHD end-
points could be relatively predicted from the effects of these
nutrient substitutions on the TC:HDL-C ratio. Thus, policies
that prioritize the reduction of SFA consumption without
specifically considering the replacement nutrient may have
little or no effects on disease risk, especially as the most
common replacement in populations is often CHO.
Second, even under optimal replacement scenarios of
SFA for PUFA, the magnitude of likely benefit warrants
attention. RCTs of the blood TC:HDL-C ratio, prospective
cohorts of disease endpoints, and RCTs of disease end-
points each converge on ~ 10% reduction in CHD events
for S%E substitution of SFA with PUFA. This approaches
the maximal plausible risk reduction in most populations;
in the US, for example, such benefit would require overall
population decrease from the current 11.5 to 6.5%E SFA
consumption. Thus, although recommendations to replace
SFA with PUFA appear appropriate, the much larger CVD
burdens caused by other dietary factors (e.g., low omega-3,
low fruits and vegetables, high trans fat, and high salt) [89]
appear to warrant much more attention. Finally, although
investigation of individual nutrients provides important

information on potential underlying mechanisms of health
effects, people make decisions about eating whole foods
that contain multiple macro- and micronutrients in various
amounts. Thus, food-based scientific research and policy
recommendations may be most relevant in the modern era
to understand and reduce the pandemics of chronic disease
occurring in nearly all nations.

Acknowledgments Supported by the Searle Funds at The Chi-
cago Community Trust and the Bill & Melinda Gates Foundation/
World Health Organization Global Burden of Diseases, Injuries,
and Risk Factors Study. The founders had no role in the design or
conduct of the study; collection, management, analysis, or inter-
pretation of the data; or preparation, review, or approval of the
manuscript.

Conflict of interest statement R. Micha has no conflicts of interest
to declare. D. Mozaffarian received ad hoc consulting honoraria
(modest) from Nutrition Impact, Unilever, and SPRIM.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.

References

1. Centers for disease control, prevention (2004) Trends in intake of
energy and macronutrients: United States, 1971-2000. Morb
Mortal Wkly Rep 53(04):80-82

2. World Health Organization (2003) Diet, nutrition and the pre-
vention of chronic diseases: report of a joint WHO/FAO expert
consultation. World Health Org Tech Rep 916(i—viii):1-149
(Geneva)

3. Lichtenstein AH et al (2006) Diet and lifestyle recommendations
revision 2006: a scientific statement from the American Heart
Association Nutrition Committee. Circulation 114(1):82-96

4. Dietary Guidelines Advisory Committee (2005) Dietary Guide-
lines Advisory Committee report. http://www.health.gov/dietary
guidelines/dga2005/report/

5. Mensink RP et al (2003) Effects of dietary fatty acids and car-
bohydrates on the ratio of serum total to HDL cholesterol and on
serum lipids and apolipoproteins: a meta-analysis of 60 controlled
trials. Am J Clin Nutr 77(5):1146-1155

6. Mozaffarian D, Clarke R (2009) Quantitative effects on cardio-
vascular risk factors and coronary heart disease risk of replacing
partially hydrogenated vegetable oils with other fats and oils. Eur
J Clin Nutr 63(Suppl 2):S22-S33

7. Micha R, Mozaffarian D (2009) Trans fatty acids: effects on
metabolic syndrome, heart disease and diabetes. Nat Rev Endo-
crinol 5(6):335-344

8. Libby P, Ridker PM, Maseri A (2002) Inflammation and ath-
erosclerosis. Circulation 105(9):1135-1143

9. Albert CM et al (2002) Prospective study of C-reactive protein,
homocysteine, and plasma lipid levels as predictors of sudden
cardiac death. Circulation 105(22):2595-2599

10. Pickup JC (2004) Inflammation and activated innate immunity in
the pathogenesis of type 2 diabetes. Diabetes Care 27(3):813-823

11. Vasan RS et al (2003) Inflammatory markers and risk of heart
failure in elderly subjects without prior myocardial infarction: the
Framingham Heart Study. Circulation 107(11):1486-1491

&) Springer AOCS &


http://www.health.gov/dietaryguidelines/dga2005/report/
http://www.health.gov/dietaryguidelines/dga2005/report/

904

Lipids (2010) 45:893-905

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Jimenez-Gomez Y et al (2009) Olive oil and walnut breakfasts
reduce the postprandial inflammatory response in mononuclear
cells compared with a butter breakfast in healthy men. Athero-
sclerosis 204(2):e70-€76

Baer DJ et al (2004) Dietary fatty acids affect plasma markers of
inflammation in healthy men fed controlled diets: a randomized
crossover study. Am J Clin Nutr 79(6):969-973

Han SN et al (2002) Effect of hydrogenated and saturated, rela-
tive to polyunsaturated, fat on immune and inflammatory
responses of adults with moderate hypercholesterolemia. J Lipid
Res 43(3):445-452

King DE, Egan BM, Geesey ME (2003) Relation of dietary fat
and fiber to elevation of C-reactive protein. Am J Cardiol
92(11):1335-1339

Lennie TA et al (2005) Dietary fat intake and proinflammatory
cytokine levels in patients with heart failure. J Card Fail
11(8):613-618

Petersson H et al (2009) Relationships between serum fatty acid
composition and multiple markers of inflammation and endo-
thelial function in an elderly population. Atherosclerosis
203(1):298-303

Fernandez-Real JM et al (2003) Insulin resistance, inflammation,
and serum fatty acid composition. Diabetes Care 26(5):1362—1368
Poppitt SD et al (2005) Assessment of erythrocyte phospholipid
fatty acid composition as a biomarker for dietary MUFA, PUFA
or saturated fatty acid intake in a controlled cross-over inter-
vention trial. Lipids Health Dis 4:30

Sun Q et al (2007) Comparison between plasma and erythrocyte
fatty acid content as biomarkers of fatty acid intake in US
women. Am J Clin Nutr 86(1):74-81

Baylin A, Campos H (2006) The use of fatty acid biomarkers to
reflect dietary intake. Curr Opin Lipidol 17(1):22-27

Hodson L, Skeaff CM, Fielding BA (2008) Fatty acid composi-
tion of adipose tissue and blood in humans and its use as a bio-
marker of dietary intake. Prog Lipid Res 47(5):348-380

Hall WL (2009) Dietary saturated and unsaturated fats as deter-
minants of blood pressure and vascular function. Nutr Res Rev
22(1):18-38

Ascherio A et al (1992) A prospective study of nutritional factors
and hypertension among US men. Circulation 86(5):1475-1484

Stamler J et al (1996) Relationship to blood pressure of combi-
nations of dietary macronutrients: findings of the multiple risk
factor intervention trial (MRFIT). Circulation 94(10):2417-2423
Margetts BM et al (1985) Blood pressure and dietary polyun-
saturated and saturated fats: a controlled trial. Clin Sci (Lond)
69(2):165-175

Puska P et al (1985) Dietary fat and blood pressure: an inter-
vention study on the effects of a low-fat diet with two levels of
polyunsaturated fat. Prev Med 14(5):573-584

Sacks FM et al (1987) Effect of dietary fats and carbohydrate on
blood pressure of mildly hypertensive patients. Hypertension
10(4):452-460

Storm H et al (1997) Comparison of a carbohydrate-rich diet and
diets rich in stearic or palmitic acid in NIDDM patients: effects
on lipids, glycemic control, and diurnal blood pressure. Diabetes
Care 20(12):1807-1813

Piers LS et al (2003) Substitution of saturated with monounsat-
urated fat in a 4-week diet affects body weight and composition
of overweight and obese men. Br J Nutr 90(3):717-727

Sanders T, Lewis F, Frost G (2009) Impact of the amount and
type of fat and carbohydrate on vascular function in the RISCK
study. Proc Nutr Soc, vol 68 (in press)

Lahoz C et al (1997) Effects of dietary fat saturation on eicosa-
noid production, platelet aggregation and blood pressure. Eur J
Clin Invest 27(9):780-787

&\ Springer ANOCS &

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

Uusitupa MI et al (1994) Long-term effects of four fat-modified
diets on blood pressure. ] Hum Hypertens 8(3):209-218
Rasmussen BM et al (2006) Effects of dietary saturated, mono-
unsaturated, and n-3 fatty acids on blood pressure in healthy
subjects. Am J Clin Nutr 83(2):221-226

de Roos NM, Bots ML, Katan MB (2001) Replacement of dietary
saturated fatty acids by trans fatty acids lowers serum HDL
cholesterol and impairs endothelial function in healthy men and
women. Arterioscler Thromb Vasc Biol 21(7):1233-1237
Fuentes F et al (2001) Mediterranean and low-fat diets improve
endothelial function in hypercholesterolemic men. Ann Intern
Med 134(12):1115-1119

Keogh JB et al (2005) Flow-mediated dilatation is impaired by
a high-saturated fat diet but not by a high-carbohydrate diet.
Arterioscler Thromb Vasc Biol 25(6):1274-1279

Eyre H et al (2004) Preventing cancer, cardiovascular disease,
and diabetes: a common agenda for the American Cancer Society,
the American Diabetes Association, and the American Heart
Association. Circulation 109(25):3244-3255

Galgani JE et al (2008) Effect of the dietary fat quality on insulin
sensitivity. Br J Nutr 100(3):471-479

Riserus U, Willett WC, Hu FB (2009) Dietary fats and prevention
of type 2 diabetes. Prog Lipid Res 48(1):44-51

Feskens EJ et al (1995) Dietary factors determining diabetes and
impaired glucose tolerance: a 20-year follow-up of the Finnish
and Dutch cohorts of the seven countries study. Diabetes Care
18(8):1104-1112

Christiansen E et al (1997) Intake of a diet high in trans mono-
unsaturated fatty acids or saturated fatty acids: effects on post-
prandial insulinemia and glycemia in obese patients with
NIDDM. Diabetes Care 20(5):881-887

Vessby B et al (2001) Substituting dietary saturated for mono-
unsaturated fat impairs insulin sensitivity in healthy men and
women: the KANWU study. Diabetologia 44(3):312-319
Summers LK et al (2002) Substituting dietary saturated fat with
polyunsaturated fat changes abdominal fat distribution and
improves insulin sensitivity. Diabetologia 45(3):369-377
Vega-Lopez S et al (2006) Palm and partially hydrogenated
soybean oils adversely alter lipoprotein profiles compared with
soybean and canola oils in moderately hyperlipidemic subjects.
Am J Clin Nutr 84(1):54-62

Paniagua JA et al (2007) A MUFA-rich diet improves post-
prandial glucose, lipid and GLP-1 responses in insulin-resistant
subjects. ] Am Coll Nutr 26(5):434—444

Lithander FE et al (2008) No evidence of an effect of alterations
in dietary fatty acids on fasting adiponectin over 3 weeks.
Obesity (Silver Spring) 16(3):592-599

Schwab US et al (1995) Lauric and palmitic acid-enriched diets
have minimal impact on serum lipid and lipoprotein concentra-
tions and glucose metabolism in healthy young women. J Nutr
125(3):466—473

Fasching P et al (1996) No effect of short-term dietary supple-
mentation of saturated and poly- and monounsaturated fatty acids
on insulin secretion and sensitivity in healthy men. Ann Nutr
Metab 40(2):116-122

Louheranta AM et al (1998) A high-stearic acid diet does not
impair glucose tolerance and insulin sensitivity in healthy
women. Metabolism 47(5):529-534

Lovejoy JC et al (2002) Effects of diets enriched in saturated
(palmitic), monounsaturated (oleic), or trans (elaidic) fatty acids
on insulin sensitivity and substrate oxidation in healthy adults.
Diabetes Care 25(8):1283-1288

Perez-Jimenez F et al (2001) A Mediterranean and a high-car-
bohydrate diet improve glucose metabolism in healthy young
persons. Diabetologia 44(11):2038-2043



Lipids (2010) 45:893-905

905

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Salmeron J et al (2001) Dietary fat intake and risk of type 2
diabetes in women. Am J Clin Nutr 73(6):1019-1026

van Dam RM et al (2002) Dietary fat and meat intake in relation
to risk of type 2 diabetes in men. Diabetes Care 25(3):417-424
Meyer KA et al (2001) Dietary fat and incidence of type 2 dia-
betes in older ITowa women. Diabetes Care 24(9):1528-1535
Harding AH et al (2004) Dietary fat and the risk of clinical type 2
diabetes: the European prospective investigation of Cancer-Nor-
folk study. Am J Epidemiol 159(1):73-82

Tinker LF et al (2008) Low-fat dietary pattern and risk of treated
diabetes mellitus in postmenopausal women: the Women’s
Health Initiative randomized controlled dietary modification trial.
Arch Intern Med 168(14):1500-1511

Willett WC, Leibel RL (2002) Dietary fat is not a major deter-
minant of body fat. Am J Med 113(Suppl 9B):47S-59S

Pirozzo S et al (2003) Should we recommend low-fat diets for
obesity? Obes Rev 4(2):83-90

Lissner L, Heitmann BL (1995) Dietary fat and obesity: evidence
from epidemiology. Eur J Clin Nutr 49(2):79-90

Koh-Banerjee P et al (2003) Prospective study of the association
of changes in dietary intake, physical activity, alcohol con-
sumption, and smoking with 9-y gain in waist circumference
among 16,587 US men. Am J Clin Nutr 78(4):719-727

Field AE et al (2007) Dietary fat and weight gain among women
in the nurses’ health study. Obesity (Silver Spring) 15(4):967—
976

Mozaffarian D (2005) Effects of dietary fats versus carbohydrates
on coronary heart disease: a review of the evidence. Curr Ath-
eroscler Rep 7(6):435-445

Mente A et al (2009) A systematic review of the evidence sup-
porting a causal link between dietary factors and coronary heart
disease. Arch Intern Med 169(7):659-669

Oh K et al (2005) Dietary fat intake and risk of coronary heart
disease in women: 20 years of follow-up of the nurses’ health
study. Am J Epidemiol 161(7):672-679

Leosdottir M et al (2005) Dietary fat intake and early mortality
patterns—data from The Malmo Diet and Cancer Study. J Intern
Med 258(2):153-165

Pietinen P et al (1997) Intake of fatty acids and risk of coronary
heart disease in a cohort of Finnish men: the alpha-tocopherol,
beta-carotene cancer prevention study. Am J Epidemiol
145(10):876-887

Siri-Tarino P et al (2010) A meta-analysis of prospective cohort
studies evaluating the association of saturated fat with cardio-
vascular disease. Am J Clin Nutr 91(3):535-546

Jakobsen MU et al (2009) Major types of dietary fat and risk of
coronary heart disease: a pooled analysis of 11 cohort studies.
Am J Clin Nutr 89(5):1425-1432

Dayton S et al (1968) Controlled trial of a diet high in unsaturated
fat for prevention of atherosclerotic complications. Lancet
2(7577):1060-1062

Leren P (1970) The Oslo diet-heart study: eleven-year report.
Circulation 42(5):935-942

Turpeinen O et al (1979) Dietary prevention of coronary heart
disease: the Finnish mental hospital study. Int J Epidemiol
8(2):99-118

Burr ML et al (1989) Diet and reinfarction trial (DART): design,
recruitment, and compliance. Eur Heart J 10(6):558-567

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Watts GF et al (1992) Effects on coronary artery disease of lipid-
lowering diet, or diet plus cholestyramine, in the St Thomas’
Atherosclerosis Regression Study (STARS). Lancet 339(8793):
563-569

Miettinen M et al (1983) Dietary prevention of coronary heart
disease in women: the Finnish mental hospital study. Int J Epi-
demiol 12(1):17-25

Frantz ID Jr et al (1989) Test of effect of lipid lowering by diet on
cardiovascular risk. the Minnesota Coronary Survey. Arterio-
sclerosis 9(1):129-135

Council Medical Research (1968) Controlled trial of soya-bean
oil in myocardial infarction. Lancet 2(7570):693-699
Mozaftarian D, Micha R, Wallace SK (2010) Effects on coronary
heart disease of increasing polyunsaturated fat in place of satu-
rated fat: a systematic review and meta-analysis of randomized
controlled trials. PLoS Med (in press)

Howard BV et al (2006) Low-fat dietary pattern and risk of
cardiovascular disease: the Women’s Health Initiative Random-
ized Controlled Dietary Modification Tria. JAMA 295(6):655—
666

He K et al (2003) Dietary fat intake and risk of stroke in male US
healthcare professionals: 14 year prospective cohort study. BMJ
327(7418):777-782

Seino F et al (1997) Dietary lipids and incidence of cerebral
infarction in a Japanese rural community. J Nutr Sci Vitaminol
43(1):83-99

Gillman MW et al (1997) Inverse association of dietary fat with
development of ischemic stroke in men. JAMA 278(24):2145-
2150

Iso H et al (2001) Prospective study of fat and protein intake and
risk of intraparenchymal hemorrhage in women. Circulation
103(6):856-863

Iso H et al (2003) Fat and protein intakes and risk of intrapa-
renchymal hemorrhage among middle-aged Japanese. Am J
Epidemiol 157(1):32-39

Ding EL, Mozaffarian D (2006) Optimal dietary habits for the
prevention of stroke. Semin Neurol 26(1):11-23

Jacobs DR, Gallaher DD Jr (2004) Whole grain intake and
cardiovascular disease: a review. Curr Atheroscler Rep 6(6):
415-423

Thomas D, EJ Elliott (2009) Low glycaemic index, or low gly-
caemic load, diets for diabetes mellitus. Cochrane Database Syst
Rev (1):CD006296

Livesey G et al (2008) Glycemic response and health-a sys-
tematic review and meta-analysis: relations between dietary
glycemic properties and health outcomes. Am J Clin Nutr
87(1):2585-268S

Danaei G et al (2009) The preventable causes of death in the
United States: comparative risk assessment of dietary, lifestyle,
and metabolic risk factors. PLoS Med 6(4):e1000058. doi:
10.1371/journal.pmed.1000058

Harris WS et al (2009) Towards establishing dietary reference
intakes for eicosapentaenoic and docosahexaenoic acids. J Nutr
139(4):804S-819S

Lewington S et al (2007) Blood cholesterol and vascular mor-
tality by age, sex, and blood pressure: a meta-analysis of indi-
vidual data from 61 prospective studies with 55,000 vascular
deaths. Lancet 370(9602):1829-1839

&) Springer AOCS &


http://dx.doi.org/10.1371/journal.pmed.1000058

	Saturated Fat and Cardiometabolic Risk Factors, Coronary Heart Disease, Stroke, and Diabetes: a Fresh Look at the Evidence
	Abstract
	Introduction
	Methods
	Effects on Cardiovascular Risk Factors
	Lipids and Lipoproteins
	Systemic Inflammation
	Blood Pressure, Endothelial Function, and Arterial Stiffness
	Insulin Resistance and Diabetes
	Weight Gain and Adiposity

	Relationships with Cardiovascular Events
	Coronary Heart Disease---Prospective Cohort Studies
	Coronary Heart Disease---Randomized Controlled Trials
	Stroke: Prospective Cohorts and Randomized Controlled Trials

	Future Research Directions
	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


