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 Overview and Comparisons of National and 

International Dietary Recommendations 

 Reports from the United States [Food and Nutrition 
Board, Institute of Medicine, IOM, 2005], The Nether-
lands [Health Council of the Netherlands, 2001], Aus-
tralia and New Zealand [National Health and Medical 
Research Council, 2003], German-speaking countries 
[2000], India [Indian Council of Medical Research, Na-
tional Institute of Nutrition, 1998] and China [2008] have 
been included in this report. In particular, the dietary 
recommendations for fats and fatty acids within these re-
ports and the 1994 FAO/WHO report are reviewed. 

  Overview of Prior Criteria and Evidence 

 The choice of the criterion or functional outcome (in-
dicator of adequacy) that is used to determine the recom-
mended intake for fat and fatty acids is crucial. Depend-
ing on the criterion, recommended levels of intake may 
differ. For example, the level of n–3 intake necessary for 
prevention of deficiencies is lower than the level of intake 
that minimizes the risk of coronary heart disease (CHD). 
 The ‘Appendix’  contains a summary of the stated criteria 
provided by the dietary guideline reports, and includes 
the types of evidence (study designs) used to estimate as-
sociations between fat or fatty acid intake and the indica-
tor of adequacy (criterion).

Introduction

In 1993 the Food and Agriculture Organization of the 
United Nations (FAO) and the World Health Organization 
(WHO) held an Expert Consultation meeting to review 
the scientific data on optimal consumption of dietary fats 
and fatty acids and to provide internationally valid recom-
mendations. The report of this consultation was published 
in 1994 [FAO, 1994]. Since that time, numerous popula-
tion-based observational studies and controlled trials have 
continued to clarify the effects of dietary fats on health 
outcomes. Additionally, changes in lifestyle habits have in-
creased the incidence of several chronic diseases that sig-
nificantly impact the health status of populations. To re-
view this new scientific evidence and update the interna-
tional dietary fat and fatty acid guidelines accordingly, the 
FAO/WHO has organized a second Expert Consultation 
on Fats and Fatty Acids in Human Nutrition.

As background to this second Expert Consultation, 
this present background document has been solicited by 
the FAO/WHO to (1) provide an overview of newer di-
etary guidelines for fats and fatty acids established by 
other national and international organizations since 
1994, (2) review the reported criteria and types of evi-
dence used in establishing these other guidelines, (3) 
identify specific recommendations from the 1994 FAO/
WHO report that are in need of updates, and (4) assess 
the most appropriate criterion, types of evidence and dis-
cuss the types of dietary reference intakes (DRIs) for es-
tablishing dietary fat and fatty acid requirements to 
achieve health in particular populations. 

 Published online: September 15, 2009 

  Dariush Mozaffarian
665 Huntington Ave. Bldg 2-319 
Boston, MA 02115 (USA)
Tel. +1 617 432 2887, Fax +1 617 432 2435
E-Mail dmozaffa@hsph.harvard.edu  

 © 2009 S. Karger AG, Basel and FAO
0250–6807/09/0553–0044$26.00/0 

 Accessible online at:
www.karger.com/anm 



 Fat and Fatty Acid Requirements in 
Dietary Guidelines 

Ann Nutr Metab 2009;55:44–55 45

  FAO/WHO Recommendations Are in Need of 

Updating 

 The FAO/WHO report was published in 1994 [FAO, 
1994]. Since that time, considerable new evidence has be-
come available on associations between fats and fatty ac-
ids and disease. Based on this large body of new evidence, 
dietary recommendations for total fat, saturated fatty 
acid, polyunsaturated fatty acid and  trans  fatty acid in-
takes should be re-evaluated. Some of the new evidence 
of the more recent and comprehensive studies on major 
dietary fatty acids and chronic disease outcomes is brief-
ly summarized below.

  Total Fat 

 The 1994 FAO/WHO report concluded that excessive 
dietary fat consumption increased the risk of obesity, 
CHD, and certain types of cancer.

  Several recent reports of carefully performed prospec-
tive observational studies found no or small associations 
between total dietary fat intake and obesity, weight gain, 
CHD, and cancer [Hu et al., 1997; He et al., 2003; Koh-
Banerjee et al., 2003; Xu et al., 2006; Field et al., 2007]. 
Other reviews have reached similar conclusions regard-
ing the absence of a relationship between total fat con-
sumption and cancer risk [Kushi and Giovannucci, 2002; 
Beresford et al., 2006; Howard et al., 2006; Prentice et al., 
2006; WCRF/AICR, 2007].

  Several randomized controlled trials (RCTs) of physi-
ological measures have not found evidence for beneficial 
effects of low-fat diets. For example, a low-fat high-car-
bohydrate diet did not favorably affect serum lipids, fast-
ing serum glucose, fasting serum insulin, or blood pres-
sure, compared with higher fat diets [Appel et al., 2005; 
Schaefer et al. 2005; Gardner et al., 2007]. In a meta-anal-
ysis of clinical trials comparing low-fat ( ! 30% of energy 
from fat) energy-restricted diets to low-carbohydrate 
( ! 60 g/day), non-energy-restricted diets, the low-fat diets 
induced larger reductions in LDL-cholesterol (LDL-C), 
but did not improve weight loss after 12 months and they 
increased triglyceride and lowered HDL-cholesterol 
(HDL-C) levels [Nordmann, 2006].

  Consistent associations have been found between 
higher intakes of specific dietary fats, including particu-
lar polyunsaturated fatty acids, and between substitut-
ing (easily digested) carbohydrates with polyunsaturat-
ed fat, and lower risk of heart disease [Hu, Manson and 
Willett et al., 2001; Mozaffarian and Willett, 2007]. Op-

timal intakes of these different fatty acids may be com-
promised when energy percentage of total fat intake is 
very low.

  Saturated Fatty Acids  

 The 1994 FAO/WHO report recommended a saturat-
ed fat intake !10% of energy for adults.

  The most often cited criteria for saturated fat recom-
mendations are effects on one physiological measure of 
cardiovascular disease (CVD) risk, namely LDL-C. Satu-
rated fats increase LDL-C, but also increase HDL-C and 
decrease triglyceride levels, resulting in little net effect on 
total cholesterol:HDL-C compared with carbohydrates 
[Mensink et al., 2003].

  Studies suggesting adverse effects of saturated fat on 
heart disease often use polyunsaturated fatty acids or 
whole grains and fruits and vegetables as replacements 
for saturated fat [Mann, 2002]. In contrast, exchanging 
easily digested carbohydrates for saturated fat (such as in 
a low-fat diet) would have little predicted net benefit on 
serum lipids and lipoproteins for reducing risk of CVD, 
because this would lower HDL proportionally as much 
as it lowers LDL, and also raises triglycerides [Sacks and 
Katan, 2002]. Therefore, limits on saturated fat intake 
should be considered in the specific context of the re-
placement nutrient, as replacement with carbohydrates 
(particularly easily digestible carbohydrates) may have 
little ben efit.

  Monounsaturated Fatty Acids 

 Although monounsaturated fatty acids have not been 
studied as much as other fatty acids, some trials of phys-
iological measures suggest that consumption of mono-
unsaturated fatty acids has potential benefits on blood 
lipid profile and CVD risk factors [Mensink and Katan, 
1992; Kris-Etherton et al., 1999; Mensink et al., 2003; Ap-
pel et al., 2005]. However, in prospective observational 
studies of clinical events null associations and indica-
tions of higher risks of CVD have been observed as well 
[Oh et al., 2005; Jakobsen et al., 2009].

  Overall, it is unclear whether sufficient new evidence 
exists to re-evaluate the (lack of) specific dietary recom-
mendations for monounsaturated fat intake.
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  Polyunsaturated Fatty Acids 

 The 1994 FAO/WHO report did not suggest nutrient 
intake values for total, n–6, or n–3 polyunsaturated fatty 
acids, but focused on the ratio of linoleic acid (LA) to
 � -linolenic acid (ALA) in the diet.

  LA is an essential n–6 fatty acid that favorably affects 
the blood lipid profile, and is associated with a lower risk 
of CHD events and reduced risk of type 2 diabetes [Sacks 
and Katan, 2002; Willett, 2007; Harris et al., in press].

  ALA consumption is suggested to probably, although 
not definitively, reduce CHD risk [Albert et al., 2005; Mo-
zaffarian, 2005]. Although clinical benefits have not been 
observed across all studies, several new experimental and 
prospective observational studies support the view that 
ALA consumption reduces the incidence of CHD.

  Eicosapentaenoic acid (EPA) and docosahexaenoic 
acid (DHA) consumption have demonstrated physiolog-
ical benefits on blood pressure, heart rate, triglycerides, 
and likely inflammation, endothelial function, and car-
diac diastolic function, and consistent evidence for a re-
duced risk of fatal CHD and sudden cardiac death at con-
sumption of  � 250 mg/day of EPA plus DHA [Burr et al., 
1989; Mozaffarian and Rimm, 2006; Yokoyama et al., 
2007; GISSI-HF Investigators, 2008]. A minimum intake 
of 250 mg/day of EPA and DHA, obtained from seafood 
consumption, has been suggested for primary preven-
tion of CHD death [Mozaffarian and Rimm, 2006]. DHA 
also plays a major role in development of the brain and 
retina during fetal development and the first 2 years of 
life [Decsi and Koletzko, 2005; Cetin and Koletzko, 2008; 
Helland et al., 2008]. These findings support the need for 
recommendations for adequate intakes of preformed 
DHA in pregnant women, nursing women, and young 
children.

  n–6 to n–3 Ratio 
 A lower ratio of n–6 to n–3 fatty acid consumption has 

been recommended under the assumption that higher in-
takes of n–6 fatty acids may reduce the formation of anti-
inflammatory mediators from n–3 fatty acids [Simopoulos 
et al., 1999; Simopoulos, 2008]. However, this hypothesis 
is not supported by studies in humans [Willett, 2007].

  First, there is evidence that increasing LA intake does 
not result in increased arachidonic acid in plasma or 
platelet lipids, and does not increase formation of pro-
inflammatory mediators [Adam et al., 2003]. Further-
more, both n–6 and n–3 fatty acids have been shown to 
have anti-inflammatory properties that are protective of 
atherogenic changes in vascular endothelial cells [De Ca-

terina et al., 2000]. Additionally, a focus on dietary ratios 
suggests that lowering n–6 fatty acid intake would have 
the same health effects as increasing n–3 fatty acid in-
take. Based on both evidence and conceptual limitations, 
there is no compelling scientific rationale for the contin-
ued recommendation of a specific ratio of n–6 to n–3 
fatty acids or LA to ALA.

   Trans  Fatty Acids 

 The 1994 FAO/WHO report did not provide recom-
mendations for  trans  fatty acids, apart from practical ad-
vice to substitute liquid oils and soft fats for hard fats and 
to reduce intake of both saturated and  trans  fats. Consis-
tent scientific evidence that emerged both before and after 
1994 shows that  trans  fatty acid consumption has unique 
adverse effects on serum lipids, including increasing LDL-
C, lowering HDL-C, increasing lipoprotein(a), increasing 
ApoB levels, and decreasing ApoA1 levels [Mensink and 
Katan, 1992; Katan et al., 1994; Mozaf farian et al., 2006; 
Mozaffarian and Clarke, in press]. A meta-analysis of pro-
spective observational studies indicates a 24% higher risk 
of CHD for every 2% increase in energy from  trans  fatty 
acids [Mozaffarian and Clarke, in press].

  Choice of Criteria, Evidence, and Dietary Reference 

Intakes 

 Different types of criteria (outcomes), evidence (study 
designs) and DRIs have been used to set fatty acid die-
tary guidelines, without strong consistency either within 
or between guideline reports (see ‘Appendix’). Notably, 
the types of criteria and types of evidence used to set spe-
cific guidelines could not always be clearly discerned 
from the reports.

  This chapter reviews the potential types of criteria, 
study designs, and DRIs that can be used to set fatty acid 
guidelines, including the strengths and limitations of 
each, to provide best appropriate evidence for setting di-
etary guidelines. We provide examples from the interna-
tional reports to illustrate how such evidence has been 
used in the past.

  Choice of Criteria 

 Potential general criteria to define dietary require-
ments include the following aims:
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 •  to prevent clinical deficiencies;
 •  to provide optimal health;
 •  to reduce the risk of developing chronic disease.

  The most appropriate and practical criteria for setting 
most worldwide fatty acid recommendations should be 
to optimize health and reduce the development of com-
mon chronic diseases; such criteria would also in nearly 
all cases prevent clinical deficiencies. Specific chronic 
diseases of interest should be identified based on burdens 
of morbidity and early mortality in the population and 
on meaningful effects of dietary fatty acids on their de-
velopment.

  In order to remain transparent about the development 
of dietary requirements, care should be taken to be ex-
plicit about the types of criteria used to set each dietary 
recommendation.

  Chronic Disease Outcomes 
 Examples of chronic disease outcomes used as crite-

rion for dietary recommendations for fatty acids include 
CHD, obesity, diabetes, and specific types of cancers (see 
‘Appendix’).

  The primary strength of using disease outcome as an 
indicator of adequacy or optimal intake is that it repre-
sents the most direct method to assess effects on health. 
A drawback of using disease outcome is the absence of 
such data for many fatty acids, specific disease endpoints, 
and/or populations. However, given that many such stud-
ies are available, the more relevant drawback is often the 
failure to consider the different strengths and limitations 
of different study designs and specific studies when draw-
ing inferences from the findings.

  Examples of Using Disease Outcome as Criteria 
  Obesity.  To assess the effects of total fat intake on obe-

sity, the reports have used evidence from animal, eco-
logical, and cross-sectional studies, and short-term RCTs 
on weight loss. As described previously, the results of an-
imal, ecological, and cross-sectional studies should be 
considered hypothesis-generating and are not considered 
reliable or sufficient evidence for setting dietary guide-
lines. Observational studies of diet and body weight also 
have particular limitations relating to underreporting of 
calories or recall bias. Reverse causation is also highly 
problematic: small changes in body weight (or perceived 
body shape) can readily change individuals’ diets and in-
troduce bias in diet-weight associations.

  RCTs are therefore superior for assessing diet-obesity 
effects. However, many RCTs have been short-term and 
may not reflect long-term effects of the diet on weight.

   Cardiovascular Disease.  To assess the effects of total 
fat intake on CVD, the reports have used evidence from 
animal experiments and from retrospective case-control, 
ecological, and cross-sectional designs. As described pre-
viously, such designs are generally insufficient to set di-
etary guidelines. For example, in many rodent studies, a 
high-fat rat chow is compared to standard chow, but total 
energy is not controlled, biasing the association between 
total fat as percentage of energy and the outcomes. Ad-
ditionally, to obtain CVD-susceptibility, animal experi-
ments often use specific gene-knockout models, which 
(in addition to other species-specific differences) may 
greatly reduce relevance to humans.

  Physiological Measures 
 Examples of physiological measures used as criterion 

to set dietary recommendations for dietary fatty acids are 
serum cholesterol levels, triglyceride levels, and neural 
integrity.

  The strength of using physiological measures as indi-
cators of adequacy is that they are quantifiable measures 
that can estimate disease risk before the occurrence of 
clinical disease and can often be assessed directly in con-
trolled trials. The major drawback is that physiological 
measures are indirect measures of actual disease out-
come: they reflect only certain pathways of risk and may 
not be valid surrogates for total effects of the dietary in-
tervention on health, which might also be mediated by 
multiple other pathways.

  Because physiological measures can be assessed rela-
tively easily in controlled trials, most of the physiological 
criteria are based on evidence from RCTs (see ‘Appen-
dix’). Although RCTs allow direct control of diet and 
minimize confounding, often participants are relatively 
healthy and evaluated over relatively short-term time pe-
riods, limiting potential generalizability (see ‘Chronic 
Disease Outcomes’).

  Examples of Using Physiological Measures as 
Criteria 
 Among the most commonly used physiological crite-

ria for setting dietary fatty acid guidelines are the effects 
of saturated fat intake on LDL-C (see ‘Appendix’). RCTs 
in humans have consistently demonstrated that saturated 
fat consumption raises LDL-C, and higher levels of LDL-
C are a well-established risk factor for CHD. This evi-
dence provides an excellent illustration of the strengths 
and limitations of using a physiological criterion. The 
strength is that the quantitative effects of saturated fat on 
LDL-C can be definitively established. However, limita-
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tions of this criterion include: (1) the lack of confirma-
tion in RCTs that diet-induced changes in LDL-C alter 
CVD event rates; (2) the lack of consideration of effects 
of saturated fat on other pathways of risk, such as HDL-
C, triglycerides, or other non-lipid risk factors; (3) the 
possible qualitative or even quantitative differences in 
effects of saturated fat on some physiological risk factors 
(e.g. the total cholesterol:HDL-C ratio) in populations 
other than those tested in RCTs, which have generally 
enrolled younger healthier men (rather than older adults 
or postmenopausal women who are at highest risk). For 
example, whereas saturated fat intake (compared with 
carbohydrate) raises LDL-C, it also raises HDL-C, so the 
net effect on the total cholesterol:HDL-C ratio is neutral 
(or even unfavorable in postmenopausal women).

  Deficiency Symptoms and Disease 
 Deficiency symptoms are most often studied in case 

series/reports, animal experiments, or short-term con-
trolled feeding studies. A strength of using deficiency 
symptoms as a criterion is that deficiency symptoms for 
essential fatty acids can be clearly defined and studied in 
relatively small controlled trials. Drawbacks include 
strong ethical limitations of testing many deficiencies, 
which may have unacceptable long-term effects in hu-
mans. For this reason, there is little data for most nutri-
ents concerning the level of intake at which symptoms 
occur. As discussed previously, an additional major draw-
back is the (sometimes large) difference between levels at 
which clinical deficiency occur versus levels that cause 
lowest risk of chronic diseases, such as cancer or CVD.

  For instance, deficiency symptoms have been used as 
criteria for recommendations for essential polyunsatu-
rated fatty acids such as LA and ALA. However, intakes 
that prevent deficiency symptoms or diseases do not ap-
pear to be optimal for preventing incidence of other 
chronic diseases. Specifically, levels of intakes that reduce 
chronic diseases (e.g. LA and ALA intakes to decrease 
risk of CVD) are much higher than those needed to pre-
vent clinical deficiencies. Thus, using deficiency symp-
toms as the criterion will result in underestimates of rec-
ommended intake. In comparison, using disease out-
come as the criterion to set dietary guidelines for essential 
fatty acids will inherently prevent clinical deficiency.

  Average Intakes in National Survey Studies 
 For some fatty acids and age groups, insufficient data 

are available to use disease or physiological criteria for 
setting dietary guidelines. In these cases, average nation-
al intakes have been used as a criterion, when deficiencies 

are not present in the population. Guidelines can be set 
based on average intakes (e.g. median national intakes) or 
relative extremes of intake (e.g. the upper 10th percentile 
of national intake).

  The strengths of this approach are that mean national 
intakes are relatively practical and easy to measure, and 
that recommendations based on average national intakes 
are unlikely to have large unexpected adverse conse-
quences, given that much of the population is already at 
these levels. A major drawback is that such intakes may 
not be optimal for reducing disease risk, even though 
overt deficiencies are not present. For example, in popu-
lations without overt clinical deficiencies of n–3 fatty 
 acids, higher intakes may nevertheless substantially re-
duce the risk of fatal CHD and sudden cardiac death. 
Such guidelines, based on average intakes in one popula-
tion, may also be less appropriate for other populations 
or age groups.

  Examples of Using Average National Intake as 
Criteria 
 The Health Council of the Netherlands used the upper 

10th percentile of national intake of naturally occurring 
 trans  fatty acids (i.e.  trans  fatty acid intake from natural 
sources such as meats, dairy products, eggs, and fish) to 
determine the recommended upper intake level of total 
 trans  fat intake, which varies between 0.7 and 1.0% of to-
tal energy in dependence upon the age group.

  Because the intake of dairy products in The Nether-
lands is very high, this upper level of intake may be less 
appropriate for Asian countries, in which the intake of 
dairy products is much lower. Specifically, the goal of the 
Dutch guidelines was to limit intake of partially hydro-
genated oils, but not naturally occurring  trans  fatty acids. 
If applied to an Asian country, this intake level could re-
sult in a much higher level of intake of partially hydroge-
nated vegetable oil than desirable.

  Equilibrium Maintenance 
 Equilibrium maintenance describes the balance of nu-

trient intake and loss, as measured by factorial estima-
tion. The factorial method involves estimating the factors 
that determine the requirement, such as increased re-
quirements for growth, pregnancy, and lactation, or loss-
es via urine or feces.

  Examples of equilibrium maintenance used as crite-
rion to set dietary recommendations are estimations of 
deposition and losses of LA and ALA during pregnancy 
and lactation (factorial methods).
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  A strength of using equilibrium maintenance as an 
indicator of adequacy is that the factorial method mea-
sures the actual losses of a fatty acid and estimates the 
required intake when other data are not available. The 
drawback of using these measures is that individual loss-
es of fatty acids may vary to a great extent and estimations 
may not apply to all individuals. The intake required to 
maintain equilibrium depends on the level at which equi-
librium is maintained, and thus the existing level of an 
individual or population may not be optimal. Important-
ly, such criteria may also have little relevance to the inci-
dence of disease, the main endpoint of interest.

  Animal Models 
 In the international reports discussed here, animal 

models of inadequacy were not used as primary criteria 

to set dietary recommendations for fats and fatty acids. 
However, animal experiments that evaluated disease out-
come or physiological measures have been used as sup-
porting evidence for recommendations.

  Animal studies are powerful for doing basic research 
and generating hypotheses, but the major limitations in 
generalizability to humans makes such evidence insuf-
ficient to set dietary recommendations.

  Choosing the Type of Evidence 

 Types of evidence generally used to establish dietary 
requirements have included the following:
 •  animal studies;
 •  ecological studies, prevalence studies;
 •  retrospective case-control studies of disease outcomes;
 •  RCTs of physiological measures;
 •  prospective cohort studies of disease outcomes;
 •  RCTs of disease outcomes.

  Compared to information available about criteria and 
DRI, often discussion of the choice of evidence is mis-
sing in reports addressing dietary guidelines. Both the 

Convincing
evidence

Evidence is based on epidemiological studies showing 
consistent associations between exposure and disease, 
with little or no evidence to the contrary. The available 
evidence is based on a substantial number of studies 
including prospective observational studies and where 
relevant, randomized controlled trials of sufficient size, 
duration and quality showing consistent effects. The 
association should be biologically plausible.

Probable
evidence

Evidence is base on epidemiological studies showing 
fairly consistent associations between exposure and dis-
ease, but where there are perceived shortcomings in the 
available evidence or some evidence to the contrary, 
precluding a more definite judgment. Shortcomings in 
the evidence may be any of the following: insufficient 
duration of trials (or studies); insufficient trials (or stud-
ies) available; inadequate sample sizes; and incomplete 
follow-up. Laboratory evidence is usually supportive. 
Again, the association should be biologically plausible.

Possible
evidence

Evidence is based mainly on the findings from case-
control and cross-sectional studies. Insufficient ran-
domized controlled trials, observational studies or non-
randomized controlled trials are available. Evidence 
based on no epidemiological studies, such as clinical 
and laboratory investigations, is supportive. More trials 
are required to support the tentative associations, 
which should also be biologically plausible.

Insufficient
evidence

Evidence is based on the findings of a few studies which 
are suggestive, but are insufficient to establish an as-
sociation between exposure and disease. Limited or no 
evidence is available from randomized controlled trials. 
More well-designed research is required to support the 
tentative associations.

Source: World Health Organization: Diet, Nutrition and the Preven-
tion of Chronic Diseases. Geneva, WHO, 2003.

  Fig. 1.  FAO/WHO criteria used to describe the strength of evi-
dence [WHO, 2003]. 

NHMRC levels of evidence

I Evidence obtained from a systematic review of all 
relevant randomized controlled trials

II Evidence obtained from at least one properly designed 
randomized controlled trial

III-1 Evidence obtained from well-designed pseudoran-
domized controlled trials (alternate allocation or some 
other method)

III-2 Evidence obtained from comparative studies (including 
systematic reviews of such studies) with concurrent 
controls and allocation not randomized, cohort studies, 
case-control studies, or interrupted time series with a 
control group

III-3 Evidence obtained from comparative studies with 
historical control, two or more single-arm studies, or 
interrupted time series without a parallel control 
group

IV Evidence obtained from case series, either post-test or 
pre-test/post-test

Source: National Health and Medical Research Council:
A guide to the development, evaluation and implementation 
of clinical practice guidelines. Canberra, NHMRC, 1999.

  Fig. 2.  NHMRC levels of evidence [National Health and Medical 
Research Council, 2003]. 
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National Health and Medical Research Council (NHM-
RC) and the WHO have issued useful rankings of the 
criteria describing the strength of evidence ( fig. 1 ,  2 ). 
However, these rankings of evidence do not provide clear 
guidelines for setting dietary guidelines, but rather dis-
cuss the general strength of evidence.

  In this report, we propose a ranking system for evi-
dence from studies that can be considered as a guideline 
to determine whether current data is sufficient to evalu-
ate human requirements and set dietary recommenda-
tions ( fig. 3 ), assuming of course that the study is well 
conducted. Optimally, evidence for setting dietary fatty 
acid requirements would be derived from concordant 
evidence from well-conducted RCTs of incidence of dis-
ease outcomes, prospective cohort studies of incidence 
of disease outcomes (including nested case-control 
studies), and RCTs of physiological measures, supported 
by findings from retrospective case-control studies, 
ecological studies, and animal experiments. For many 
fats and fatty acids, well-conducted and adequately pow-
ered RCTs of disease outcomes are not available, espe-
cially for chronic diseases. When such evidence is not 
available, concordant evidence from well-conducted 
prospective cohort studies of disease outcomes and 
RCTs of physiological measures are often sufficient to 
set dietary recommendations. Evidence from only RCTs 
of physiological measures without additional concor-
dant evidence from controlled trials or prospective 
 cohort studies of disease outcomes, or from only retro-
spective case-control studies, ecological or cross-sec-
tional studies, or animal experiments may be insuf-
ficient to set dietary recommendations, especially for 
chronic diseases. When evaluating studies as evidence 
for setting dietary recommendations, these strengths 
and limitations of each study design should be critically 
evaluated. 

  The major strength of properly executed RCTs is the 
minimization of confounding, but many other study de-
sign limitations can be present and limit the utility of the 
results. Prospective cohort studies have many strengths, 
but the major potential limitation is the inability to defini-
tively exclude residual confounding. A review of these 
strengths and limitations demonstrates the strong comple-
mentary nature of the strengths and limitations of RCTs 
versus prospective cohorts. When RCTs of disease out-
comes are not available, RCTs of physiological measures 
(intermediate endpoints or risk factors for disease) can pro-
vide concordant evidence for the effects on disease risk.

  Retrospective case-control studies are efficient for 
evaluating rare diseases, but the limitations of recall bias, 
selection bias, and inability to include fatal cases render 
them suboptimal for studying other disease endpoints. 
Because dietary guidelines for the population should not 
be determined based on rare diseases, retrospective case-
control studies are useful for generating hypotheses, but 
are usually insufficient for setting dietary guidelines.

  Ecological, cross-sectional, or prevalence studies are 
very useful in providing an initial hypothesis that can be 
further tested in prospective cohort studies and clinical 
trials, but design limitations for assessing causality are 
too strong for such data to be sufficient for determining 
dietary recommendations.

  Animal experiments are powerful study designs for 
evaluating mechanisms, assessing pathways, and provid-
ing concordant evidence to findings of human studies, 
but by themselves are insufficient to set dietary recom-
mendations for fats and fatty acids in humans.

  Case series or reports describe the manifestation, the 
course, or the prognosis of a condition. Due to lack of 
comparability, this type of evidence is generally insuffi-
cient for setting dietary recommendations, except per-
haps for deficiency symptoms that are manifested in spe-
cific populations or during historical incidents.

Prospective cohort studies

of disease outcomes

(including nested case-

control studies)

RCT of disease outcomes

RCT of physiological

measures

Retrospective case-

control studies of

disease outcomes

Case series/Case report

Animal studies

Ecological studies

Prevalence studies

  Fig. 3.  Ranking of validity of types of evidence for setting dietary fatty acid requirements. 
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Table 1. Dietary recommendations for fats and fatty acids

FAO/WHO Recent reports

Total fat 15–30/35% of energy depending on
energy balance

ranging from 20 to 40% of energy

Saturated fat upper limit of 10% of energy consistent with FAO/WHO, or intakes as low 
as possible

Monounsaturated fatty acids none none or 10% of energy
Total (n–3 and n–6) polyunsaturated
fatty acids

none 10–12% of energy as upper level of intake

n–6 Polyunsaturated fatty acids
(LA)

4–10% of energy ranging from 2 to 10% of energy

n–3 Polyunsaturated fatty acids 
ALA none ranging from 0.5 to 2% of energy
EPA and DHA none 90–650 mg/day for EPA + DHA,

and values ranging from 40 to 3,000 mg/day
for different age groups

Trans fatty acids none upper limits range from 1 to 2% of energy
Cholesterol 300 mg/day of dietary cholesterol 300 mg/day of dietary cholesterol, or intake as 

low as possible
Substances associated with fats and 
oils

0.6 mg tocopherol (vitamin E)
equivalents per gram of foods high
in polyunsaturated fat

none or 0.4 mg tocopherol equivalent per 
gram of diene fatty acid equivalent

Table 2. Types of DRI

Definition and description Historic use for fats and fatty acids

Estimated average
requirement (EAR)

Intake that meets the nutrient needs of half of the healthy
individuals in a life stage or gender group.
Reflects the estimated average (median) requirement and is
particularly appropriate for applications related to planning
and assessing intakes for groups of persons.

Not traditionally used for fats and 
fatty acids.

Recommended dietary
allowance (RDA)

A value based on observed or experimentally determined
estimates of nutrient intake by a group of people who are
apparently healthy and assumed to be maintaining an
adequate nutritional state.
The RDA is calculated from the EAR and covers the require-
ments for 97–98% of the population. It is dependent upon
estimating the variance around the EAR and reflects a point
estimate defined as 2 standard deviations above the EAR.

Not traditionally used for fats and 
fatty acids.

Tolerable upper intake level 
(UL)

Highest average intake that is likely to pose no risk. Has been used for total fat, saturated 
fat, total polyunsaturated fat, ALA, 
EPA + DHA, and dietary cholesterol.

Adequate intake (AI) Used when an EAR/RDA cannot be developed; average intake 
level based on observed or experimental intakes. 

Has been used for total fat, LA, ALA, 
and EPA + DHA.

Acceptable macronutrient 
distribution range (AMDR)

An intake range for an energy source associated with reduced 
risk of chronic disease. 

Has been used for total fat, LA, and 
ALA.
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  This approach of ranking the validity of study designs 
based on the strengths and limitations of each study design 
allows for clear and explicit criteria, but does not take into 
account whether the data is available for each fatty acid 
and disease outcome. For some associations, availability of 
data or studies may be less than optimal, for example be-
tween nutrition and cancer. In such cases, dietary fatty 
acid requirements can be considered, but will require care-
ful consideration of available data and, most importantly, 
be transparent about the approach and the strength of ev-
idence used to set the dietary requirements.

  The  Framework for DRI Development  background pa-
per by Taylor [2008] suggests that even in the face of lim-
ited data, scientific judgment can be important. It advo-
cates that science-based judgment is more useful than no 
recommendation at all. In that light, it might be useful to 
look at data not meeting the suggested optimal criteria for 
setting dietary fatty acid requirements (described previ-
ously), e.g. when RCTs and prospective cohort studies of 
incidence of disease outcomes are not possible or avail-
able. In some limited cases, scientific judgment may be 
necessary to offer a reference value when only limited data 
is available (e.g. only ecological and animal studies), but 
action is necessary and there is insufficient time to wait 
for more data. In these cases, a ‘portfolio’ or ‘mosaic’ ap-
proach – in which all available types of studies, the bio-
logical plausibility, and data consistency (taking weight of 
study design into account) are considered – may be a use-
ful approach when the linear approach based solely on 
study design described previously is not suitable.

  On the other hand, it must be remembered that reliance 
on scientific judgment, in the absence of optimal data, can 
lead to subjective and erroneous conclusions that can re-
sult in unhelpful or even harmful health consequences.

  In order to remain transparent about the development 
of dietary requirements, care should be taken to be ex-
plicit about the type of evidence used, particularly when 
according to the ranking above it may be considered sub-
optimal.

  Choice of DRI 

 Historically, nutrient reference values – more recently 
termed DRIs – were developed to address acute or sub-
acute clinical deficiencies of vitamins, minerals, protein, 
and energy (calories). More recently, the use of DRIs has 
been expanded to include other substances in foods, such 
as fats and fatty acids, and to address chronic diseases. 
Several different types of DRIs exist ( table 2 ;  fig. 4 ).

  When applied to fatty acids, DRIs have been used in-
consistently among different countries/institutions. For 
example, in the US and Canadian guidelines, acceptable 
macronutrient distribution ranges (AMDRs) refer to ap-
propriate ranges of usual intakes of individuals, while in 
the FAO/WHO report an AMDR refers to a population 
mean intake goal [King, 2007]. In our review, the incon-
sistent use of DRIs is obvious from the data presented in 
the ‘Appendix’. For instance, the IOM reported an AMDR 
for total fat in adults, but adequate intakes (AI) for total 
fat intake among infants; Eurodiet used population goals 
to set DRIs; and the FAO/WHO report used only a toler-
able upper intake level (UL) for total fat intake.

  Similarly, for LA, several reports used AIs, based on 
prevention of deficiency, or even ULs. Use of AIs or ULs 
for LA would prevent higher intakes that may decrease 
the risk of chronic disease. For LA, as well as total fat, 
AMDRs might be more appropriate.

  Thus, whereas DRIs were developed with a focus on 
preventing deficiencies, their application to many fatty 
acid recommendations must be considered in the context 
of reducing risk of chronic disease, which may not be ad-
equately captured in DRIs. As discussed in Using Crite-
ria to Establish Nutrient Intake Values (NIVs) by Yates 
[2007], it is also possible to have multiple average nutrient 
requirements corresponding to different criteria, and 
have public health policy planners determine which level 
is appropriate for the population of interest.

  For some fatty acids, such as  trans  fatty acids, there is 
no known level of inadequacy and even small incremen-
tal intakes of these fatty acids are associated with risk of 
chronic disease. Therefore traditional DRIs, such as es-
timated average requirements (EAR) and recommended 
dietary allowances (RDAs), are not adequately relevant 

0

R
is

k
o

f
in

a
d

e
q

u
a

c
y

0.5

1.0

0

0.5

1.0

R
is

k
o

f
a

d
v

e
rs

e
e

ff
e

c
ts

EAR
RDA UL

Observed level of intake

  Fig. 4.  Dietary reference intake distribution [Institute of Medi-
cine, 2005]. 
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to the health effects of these fatty acids. As shown in  fig-
ure 4 , the EAR and RDA are based on a U-shaped asso-
ciation between intake of the nutrient and adverse effects 
(either inadequacy or other adverse effects). For fatty ac-
ids, for which there is no risk of inadequacy, neither EAR 
nor RDA are appropriate. ULs may also be problematic. 
For example, in the IOM [2005] report on DRIs: ‘A UL is 
not set for  trans  fatty acids because any incremental in-
crease in  trans  fatty acid intake increases CHD risk.’ The 
UL is defined by a level at which intake does not pose a 
risk, which is not the case for  trans  fatty acids.

Conclusion

Since the 1994 FAO/WHO report, new studies have 
become available that provide further insight into the ef-
fects of many types of fats and fatty acids on disease out-
comes. Evidence from these studies has been used to set 
new dietary recommendations that have been published 
in more recent national and international reports. How-
ever, the use of criteria and types of evidence has been 
inconsistent. Some types of evidence are more likely to be 
appropriate for determining dietary fatty acid guidelines 
than others. Optimal evidence for setting dietary fatty 

acid requirements is taken from well-conducted random-
ized controlled trials of incidence of disease outcomes, 
prospective cohort studies of incidence of disease out-
comes (including nested case-control studies), and ran-
domized controlled trials of physiological measures.

In the light of new evidence for associations between 
low intakes of some unsaturated fatty acids and increased 
risk of chronic disease, and the increasing burden of these 
diseases on populations, optimal criteria are those that 
attend to optimal health and reduce the risk of develop-
ing chronic disease. In most cases this will also prevent 
clinical deficiencies of the essential fatty acids. Regard-
less of the criteria or type of evidence chosen, the process 
in which dietary requirements are established should be 
transparent. 
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Appendix

Summarized overview of stated criteria and evidence used to determine dietary guidelines for fatty acids (based on adverse effects on 
outcome, unless otherwise stated)

Disease outcome Physiological measure Average intake

Total fat CVD, RCT5, 6, b, CO6, b, EC1 LDL-C  EC1, RCT7

HDL-C, RCT1
Average intake from 
human milk (infants)1, 4, 7

Increased obesity, RCT7, a, A1, EC3, ?5

No effect on obesity, CS7
Triglycerides NS4

Dyslipoproteinemia and atherosclerosis, E?5, O?5

Postprandial lipids and blood coagulation factor VII
concentration (used to set upper limit)b, RCT4

Gradual decrease of
fat intake compared
with human milk
(infants 6–12 months)4

Colon cancer, EC1, CC1 A1, conference 
review5, (not according to CO1)
Breast cancer, EC1

Prostate cancer, CC1

Diabetes, O?6, E? 6

Favorable effects on:
Stroke, CO1, A1, EC1

Favorable effects on:
Triglycerides and HDL-C (used to set lower limit)b, RCT4

Responses in postprandial glucose and insulin concentrations RCT6, CO6

Saturated fat CVD, CO7 Serum total cholesterol, LDL-C, RCT1, 6, 7, CO6, 7, EC1

Serum triglycerides NS5

Ratio total cholesterol: HDL-C, RCT4

Upper 10th percentile of 
national intake4

Average intake from 
human milk (infants)4

Monounsaturated
fatty acids

– Favorable effects on:
Serum total cholesterol RCT1

–

Polyunsaturated
fatty acids

Cancer, CO4 Favorable effects on:
Serum total cholesterol RCT1

–

Favorable effects on:
CHD, CO4

Equilibrium maintenance (E):
Deposition of essential fatty acids in growing tissue
of pregnant women1

Composition of milk in omnivorous lactating women1
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