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Introduction
The Third Report of the National Cholesterol Education
Program's (NCEP) Adult Treatment Panel (ATP III) contin-
ued the process begun in 1988 of recommending to physi-
cians and health professionals an updated approach to the
diagnosis, evaluation, and treatment of patients with high

cholesterol [1••]. An important component of the guide-
lines was a section on nonpharmacologic therapy that
incorporated diet and exercise into the treatment plans
of those who sought to lower their risk of coronary heart
disease (CHD). New features in ATP III in this area
included the following (Table 1).

1. A new approach to nonpharmacologic therapy 
linking diet, physical activity, weight loss, 
and behavioral change. Therapeutic lifestyle 
change was used to refer to this important non-
pharmacologic component designed for both
prevention and treatment of high cholesterol, 
risk factors for CHD, and CHD itself.

2. Changing from the Step I and Step II diets of 
ATP I and II to a new therapeutic program called 
Therapeutic Lifestyle Change (TLC).

3. Keeping intake of trans fatty acids low and 
increased use of plant stanol/sterol esters and 
more viscous fiber to augment low-density 
lipoprotein (LDL) cholesterol lowering beyond 
that seen with the Step II diet.

4. A de-emphasis on total fat and a sharper focus on 
the kinds of fat ingested. ATP III suggested limits 
for total fat of 25% to 35% of total energy while 
advising lowering saturated fat intake to less than 
7% of total energy and keeping intake of trans fatty 
acids low. This also influenced total carbohydrate 
intake to stay under 60% of energy, an important 
issue for those with metabolic syndrome.

5. Recommendation of regular physical activity 
and weight loss as important first steps in 
reversing the adverse metabolic trends of 
the metabolic syndrome.

6. Emphasizing healthy aspects of diet consistent 
with the Dietary Guidelines for Americans 2000.

7. At all stages of TLC, physicians are encouraged 
to refer patients to registered dietitians or 
other qualified nutritionists for medical 
nutrition therapy.

To assist physicians in accessing the large body of infor-
mation available, a list of government-sponsored web sites

The Third Report of the National Cholesterol Education 
Program's Adult Treatment Panel (ATP III) has an 
extensive section on nonpharmacologic therapy for those 
with abnormal blood lipids. ATP III focused on the 
high-saturated fat atherogenic diet, obesity, and sedentary 
lifestyle and recommended a program of therapeutic 
lifestyle change (TLC). This review discusses several issues, 
including 1) why ATP III changed from the Step I and 
Step II diets to TLC; 2) the benefits of keeping trans fatty 
acid intake low and the addition of viscous fiber and plant 
stanol/sterol esters to reduce low-density lipoprotein 
cholesterol beyond that seen with the Step II diet; 
3) the de-emphasis on total fat and a sharper focus on the 
kinds of fat ingested in the new guidelines; 4) the endorse-
ment of regular physical activity and weight loss as 
important first steps in reversing the unwanted metabolic 
effects of the metabolic syndrome; and 5) the emphasis 
of health-promoting aspects of the diet that include, 
among other things, fish and omega-3 fatty acids. At all 
stages of TLC, ATP III encourages the referral to registered 
dietitians or other qualified nutritionists for medical 
nutrition therapy. TLC and the ATP III guidelines should 
provide guidance to practitioners who wish to get 
low-density lipoprotein cholesterol to goal (whether or 
not drugs are used), prevent or treat the metabolic 
syndrome, and improve the overall health of the patient.



434 Nutrition
was also listed in the full report (Table 2). However, many
physicians may not have time to access the full report. This
article is designed to review the information base behind
these recommendations, as well as present information
that is new since the introduction of ATP III in May, 2001.

Changing from Step I and Step II to 
Therapeutic Lifestyle Change Diet
The Step I diet, with its goals of total fat less than 30%,
saturated fats less than 10%, and dietary cholesterol less
than 300 mg/d, was the healthy diet established for the
population in ATP I. This diet, designed for primary preven-
tion, was designed to lower LDL cholesterol. The Step I diet
alone was demonstrated not to be a truly effective secondary
prevention intervention by the numerous angiographic
trials comparing statin and diet with placebo and diet in
subjects with CHD. Angiographic progression was seen in
those subjects randomized to placebo and the Step I diet as
compared with the more aggressive treatments with statins
[2]. The Step II diet with total fat less than 30%, saturated fat
less than 7%, and dietary cholesterol less than 200 mg/dL
was an effective therapeutic diet that clearly lowered LDL
cholesterol in significant fashion. A meta-analysis showed
that for every 1% decrease in energy consumed as a dietary
saturated fatty acid, LDL cholesterol decreased by 0.05
mmol/L or 2 mg/dL [3]. Moreover, significant LDL choles-
terol lowering was seen in both men and women and in
those with either combined hyperlipidemia or with high

LDL cholesterol only [4]. The beFIT study showed that the
LDL cholesterol lowering obtained with the Step II diet was
not trivial. They calculated that it would bring about a signif-
icant reduction in those patients who require lipid-lowering
drugs to meet LDL cholesterol goals.

Intensive reduction of saturated fat can be an important
adjunct to therapy. Indeed, looking at a wide range of demo-
graphics, Ginsberg et al. [5] investigated the effects of reduc-
ing dietary saturated fatty acids from 15% of total calories
to 6.1% of total calories. On the diet low in saturated fatty
acids, LDL cholesterol was reduced by 11%. These studies
have demonstrated that dietary reduction of LDL cholesterol
is small in comparison with the large amount of LDL choles-
terol lowering achieved by statin therapy. Yet because further
increments of statin therapy (eg, dose doubling) lower LDL
cholesterol additionally only about 6%, dietary therapy
could be used effectively to augment LDL cholesterol lower-
ing in those on statin therapy, as it is as least as powerful as
dose doubling. Safety issues are important as well. Large-
scale, randomized, controlled trials have examined the
effects of reduced intakes of saturated fatty acids and choles-
terol in children and have found no evidence for compro-
mised growth or development [6,7].

There are other metabolic advantages of the diet. Careful
metabolic studies showed that the Step II diet significantly
decreased triglyceride-rich lipoproteins and plasma apo-
lipoprotein (apo) AI-V concentrations compared with the
average diet in the United States [8]. Finally, lowering
saturated fatty acid intake should reduce the risk for CHD.

Table 1. Essential components of Therapeutic Lifestyle Change diet

Component Recommendation

LDL-raising nutrients
  Saturated fats* <7% of total calories
  Dietary cholesterol <200 mg/d
Therapeutic options for LDL lowering
  Plant stanols/sterols 2 g/d
  Increased viscous (soluble) fiber 10–25 g/d
Total calories (energy) Adjust total caloric intake to maintain desirable body weight/prevent weight gain
Physical activity Include enough moderate exercise to expend at least 200 kcal/d

*Trans fatty acids are another LDL-raising fat that should be kept at low intake.
LDL—low-density lipoprotein.
Adapted from National Cholesterol Education Program [1••].

Table 2. Government-sponsored web sites listed in Adult Treatment Panel III

Diet http://www.nhlbi.nih.gov/chd 
http://www.nhlbi.nih.gov (click on Aim for a Healthy Weight) 
http://www.nhlbi.nih.gov/hbp 
http://www.nutrition.gov 

Physical activity http://www.surgeongeneral.gov/ophs/pcpfs.htm 
Body weight http://www.nhlbi.nih.gov (click on Aim for a Healthy Weight) 
Cholesterol http://www.nhlbi.nih.gov/chd 
Blood pressure http://www.nhlbi.nih.gov/hbp 
Smoking cessation http://www.cdc.gov/tobacco/sgr_tobacco_use.htm 
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The evidence base includes epidemiologic studies, including
cross-country comparisons and migration studies [2], as
well as a meta-analysis of the benefits of saturated fat reduc-
tion leading to lower serum cholesterol levels [9,10]. This
analysis included six robust dietary trials, in aggregate
enrolling 6356 individuals. There was a decreased incidence
of CHD by 24%, and also a trend toward a decrease in coro-
nary mortality (21%) and total mortality (6%). Importantly,
no increase in non-CVD mortality was found. The data from
dietary trials, in combination with the results of controlled,
clinical trials with cholesterol-lowering medications
[11,12•], document that reducing serum cholesterol and
LDL cholesterol by diet alone or with pharmacologic means
will reduce CHD endpoints. Evidence that a diet restricted in
saturated fat could reduce angiographic progression and/or
coronary events was seen in the St. Thomas Atherosclerosis
Regression Study [13]. Despite a small sample size, the
authors showed both clinical and angiographic benefit in
the diet arm (27% dietary fat, 8% to 10% saturated fat, 100
mg/1000 kcal dietary cholesterol, increased viscous fiber)
The authors found that after adjustment for plasma choles-
terol and other risk factors, saturated fat intake and trans
fatty acids explained 20% of variance in angiographically
determined CAD progression in overweight British men.

The Step II diet was not a perfect diet, however. There
were several concerns. First, when weight was held constant,
the Step II diet lowered high-density lipoprotein (HDL)
cholesterol, although not as much as LDL cholesterol [14],
and it did not assess the potentially attenuating benefits of
increased soluble fiber. Second, the beFIT study showed that
HDL cholesterol was lowered in women and men, but only
significantly so in women, irrespective of whether they had
either a high blood cholesterol level or both high choles-
terol and triglyceride levels. Third, the Dietary Alternatives
study [15] demonstrated that intakes of fat below about
25% of energy and carbohydrate intake above approx-
imately 60% of energy yielded no further LDL cholesterol
lowering in hypercholesterolemic or combined hyper-
lipidemic male subjects and was counterproductive to
triglyceride, HDL cholesterol, and apo B levels [16]. Knopp
et al. [15,16] suggested that the lack of benefit appears to be
explained by an enhanced endogenous synthesis of palmitic
acid, which negates the benefit of additional saturated
fat restriction. Again, the potentially modulating role of
increased soluble fiber as part of increased complex carbo-
hydrate intake was not addressed. The decrease in HDL cho-
lesterol with fat restriction appeared to be due to decreased
HDL apo A-1 secretion [17]. Fourth, in those subjects with
low HDL cholesterol (<59 mg/dL in women, <44 mg/dL in
men) exercise was required to lower LDL cholesterol by the
Step II diet [18]. ATP III strongly advocates the need to lower
saturated fatty acids in the diet. It recognizes, however, that
the beneficial effects of this reduction can be enhanced by
weight reduction in overweight persons [19,20].

Reducing Low-density Lipoprotein Further 
with Additional Dietary Measures
Trans fatty acids
Trans fatty acids (TFA) are fatty acids in which there is at
least one double bond in the trans-configuration. They are
produced commercially by hydrogenation of vegetable oils
to form shortening and stick margarines. They are also
found naturally in animal fats and dairy products as a by-
product of rumination. There is good evidence from ran-
domized feeding trials that TFAs raise LDL/HDL relative to
oil in the natural state or cis fatty acids. Unlike saturated
fatty acids, TFAs lower HDL cholesterol levels, although not
strikingly until higher levels are consumed. TFAs also
increase levels of lipoprotein(a) (Lp(a)), although the signif-
icance of this is not known. For example, Lichtenstein et al.
[21] examined diets with a broad range of TFAs. They
showed that levels of LDL cholesterol were reduced on
average by 12%, 11%, 9%, 7%, and 5%, respectively, after
subjects consumed the diets enriched with soybean oil,
semi-liquid margarine, soft margarine, shortening, and stick
margarine; HDL cholesterol was reduced by 3%, 4%, 4%,
4%, and 6%, respectively. Ratios of total cholesterol to HDL
cholesterol were least favorable after the use of butter or
stick margarine [21]. Cohort studies support a link between
TFAs and increased risk for CHD [22–25]. Whether this
association is due to adverse effects of TFAs on lipoproteins,
to adverse nonlipid actions, or to confounding variables is
uncertain. A possible cause for concern regarding TFAs is the
recently demonstrated increase in production of inflam-
matory cytokines that appear to play an important role
in atherosclerosis and unstable plaques [26]. ATP III thus
recommends that intakes of TFA should be kept low. The use
of liquid vegetable oil, soft margarine, and trans fatty acid-
free margarine are encouraged instead of butter, stick
margarine, and shortening.

Dietary cholesterol
The response in humans to the feeding of dietary cholesterol
is more variable than that seen in laboratory animals.
Whereas some people respond in striking fashion, others
do not. Nonetheless, meta-analyses of studies done in
controlled settings confirm that high intakes of dietary
cholesterol raise LDL cholesterol in humans [27,28]. In the
past four decades, there has been a progressive decline in
intakes of dietary cholesterol and saturated fats. This appears
to be the result of decreased intakes of eggs, high-fat meat,
and high-fat dairy products. This reduction in dietary choles-
terol intake, along with a substantial reduction in the pro-
portion of calories from saturated fatty acids, corresponds
with the decline in blood cholesterol levels that have
occurred [29]. It is estimated that the average daily
consumption of cholesterol in the United States is 256 mg,
with intakes higher for men (331 mg/d) than for women
(213 mg/d) [30]. Polymorphisms may affect blood lipid
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response to dietary cholesterol intake, but at present, knowl-
edge of these provides little advantage in deciding who
would or would not benefit from dietary treatment [31].

Large-scale epidemiologic studies performed when
dietary intakes of cholesterol were much higher than now
demonstrated that dietary cholesterol was associated with
CHD risk independently of its effect on serum cholesterol
[20]. In contrast, data from two more recent, prospective
cohort studies, the Nurses Health Study and the Health
Professionals Study, found no significant association
between frequency of reported egg consumption (about 213
mg of dietary cholesterol per egg) and CHD, except among
diabetic women [32]. A meta-analysis of studies with a cross-
over design or control group and where HDL cholesterol was
measured showed that cholesterol feeding does increase total
cholesterol to HDL cholesterol ratios, so advice to limit
cholesterol consumption for those at risk appears to be valid
[33]. ATP III recommends that less than 200 mg/d of choles-
terol should be consumed in the therapeutic diet to maxi-
mize the amount of LDL cholesterol lowering that can be
achieved through reduction in dietary cholesterol.

Viscous fiber
Viscous (also known as soluble) forms of dietary fiber can
help reduce LDL cholesterol beyond what can be achieved
by reducing saturated fat alone. In contrast, nonviscous or
insoluble fiber does not significantly reduce LDL choles-
terol [34], but may be inversely related to risk of diabetes
[35]. There are two primary benefits of increasing dietary
fiber intake. First, clinical trial data demonstrate that an
increase in viscous fiber from oats, psyllium, or pectin
resulted in small but significant reductions in LDL choles-
terol [36]. Moreover, long-term treatment with a mixture of
dietary fibers of 20 g given twice daily to hypercholester-
olemic subjects lowered LDL cholesterol approximately
9% without significant change in HDL cholesterol or
triglycerides [37]. Second, high-fiber diets may protect
against obesity and CVD by lowering insulin levels and
improving satiety compared with diets high in refined
carbohydrates. The Cardiovascular Risk Development in
Young Adults (CARDIA) study reported long-term obser-
vational results among 2909 healthy black and white
adults, 18 to 30 years of age at enrollment, and followed
for 10 years. Significant inverse associations with increased
fiber intake were reported for body weight, waist-to-hip
ratio, fasting insulin adjusted for body mass index (BMI),
and 2-hour post-glucose insulin adjusted for BMI [38].

The ATP III panel recommends that the therapeutic diet
be enriched by foods that provide a total of at least 5 to 10
g/d of viscous fiber and noted that even higher intakes of
10 to 25 g/d can be beneficial.

Plant stanols/sterols
Another therapeutic option is the use of plant stanols/sterols
to lower cholesterol absorption by interfering with micelles.
Plant sterols are ubiquitous in nature and eaten in con-

siderable quantity by vegetarians. Hydrogenating sterols
leads to stanols. Both are poorly absorbed, with plant stanols
being the least well absorbed. Plant stanols and sterols from
tall pine tree oils and soybeans are esterified to unsaturated
fatty acids (creating stanol/sterol esters) to increase lipid
solubility and allow use in margarines. The LDL cholesterol-
lowering ability of plant sterols and plant stanols is com-
parable [39,40].

Plant stanols/sterols eaten consistently at optimal dos-
age are effective in those with hypercholesterolemia or dia-
betes and result in additional LDL cholesterol lowering in
those patients on statins [41]. Interestingly, there is a greater
percent lowering of LDL cholesterol in older people than in
younger people [42•]. Plant stanol/sterol esters at dosages of
2 to 3 g/d lower LDL cholesterol levels by 6% to 15% with
little or no change in HDL cholesterol or triglyceride levels.
No studies have been conducted to determine the effect
of plant stanols/sterols on CHD risk, although Law [42•]
has projected that their use should double the beneficial
effect on CHD risk achieved by reducing dietary saturated
fatty acids and cholesterol. These margarines appear to be
safe. There has been concern that they could reduce
absorption of dietary carotenoids and decrease plasma
levels of beta-carotene [40]. Plant sterols/stanols reduce
absorption of dietary carotenoids, which can result in
decreased beta-carotene concentrations. This can be over-
come by an increase of one daily serving of high-carotenoid
vegetables or fruit [43].

The ATP III diet recommends plant stanol/sterol esters
(2 g/d) as a therapeutic option to enhance LDL cholesterol
lowering in those at risk.

A De-emphasis on Total Fat and a Sharper 
Focus on the Kinds of Fat Ingested
A major focus of the dietary approach in ATP III is reducing
CHD risk by limiting dietary fatty acids that raise LDL
cholesterol concentrations. The focus is not on total fat;
rather, TLC emphasizes a reduction in saturated fatty acids
and calorie control to prevent obesity. Furthermore, ATP III
recognizes that carbohydrate intakes above 60% may not
be advantageous. ATP III underscores the importance of
individualizing dietary prescriptions of types and amounts
of fat, carbohydrate, and calories to optimize prevention
and treatment of metabolic syndrome, diabetes, and their
associated lipid abnormalities.

Unsaturated fatty acids do not raise LDL cholesterol
when substituted for carbohydrate in the diet. The benefits
of this approach are seen most clearly in those with
metabolic syndrome or diabetes in whom high levels of
carbohydrates accompanying a very low-fat diet may
produce unwanted effects on the lipid/lipoprotein profile
[44]. Those who question the recommendations of intakes
of fat in the 25% to 35% range have raised concerns
regarding both cancer and obesity. Importantly, there are
no convincing data to confirm a causal association
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between ATP III's proposed fat intake of 25% to 35% and
cancer [45–47]. Also, there is no convincing evidence link-
ing level of fat intake with obesity [48,49] as long as total
calories are controlled. Indeed, isocaloric exchange of
fat for carbohydrate does not produce weight gain over
a period of many months [50,51]. Some patients may
prefer a higher total (unsaturated) fat intake for purposes
of satiety and perceived ease of adherence to lower calorie
intake over the long term. This approach can be explored
through skillful dietary intervention.

The concern of the ATP III panel was that high intakes
of carbohydrates (>60% of calories) in overweight/obese
persons can aggravate the risk factor status of those with
metabolic syndrome or diabetes due to higher blood
sugars, fasting and postprandial lipids, and lower HDL
cholesterol [44,52–55]. ATP III recommends that for
persons with lipid disorders or the metabolic syndrome,
extremes of total fat intake or carbohydrate intake—either
high or low—should be avoided. In such persons, total fat
intakes should range from 25% to 35% of calories, and
carbohydrates should be derived from complex rather than
refined sources. For some persons with the metabolic
syndrome, a total fat intake of 30% to 35% may reduce
lipid and nonlipid risk factors. Individualized dietary
prescriptions are needed in these cases.

Clinical studies show that monounsaturated fatty acid
(MUFA) lowers LDL cholesterol relative to saturated fatty
acids [56]. Moreover, substitution of MUFAs for saturated
fatty acids results in a more favorable balance of HDL cho-
lesterol and triglyceride compared with very high intakes of
carbohydrates (>60% of calories). Little or no decrease in
HDL cholesterol and often a decrease in triglycerides
occurs with increased dietary MUFA intake [57,58].
Epidemiologic studies point to low rates of CHD in
Mediterranean populations that have higher intakes of
MUFA [59]. Increased MUFA from adding nuts to the diet
may explain, in part, the reduced risk of CHD observed in
Seventh Day Adventists [60], as well as the 86,016 nurses
followed in the Nurses Health Study [61]. Despite
increased interest in olive oil and other MUFAs, there are
inadequate data from controlled clinical trials to show the
benefit of MUFA on CHD endpoints. This lack of MUFA
data contrasts with several trials that replaced saturated fat
with polyunsaturated fat (discussed in the following text).
ATP III suggests that intake of MUFA can range up to 20%
of calories, and that MUFA should be derived from vegeta-
ble sources, including plant oils and nuts.

The other unsaturated fatty acids that may be increased
when saturated fatty acids are reduced (or if it is deemed
desirable to decrease carbohydrate intake) are polyun-
saturated fatty acids (PUFAs). These include either omega-
6 (n-6) fatty acids (seed oils) such as linoleic acid, an
essential fatty acid, or omega-3 (n-3) fatty acids such
as eicosapentanoic acid (EPA) or docosahexanoic acid.
(DHA) Compared with cis-MUFA, n-6 PUFA may cause a
slightly greater reduction in LDL cholesterol levels [56]. A

careful meta-analysis comparing effects of cis-MUFA and
PUFA concluded that there was no significant difference in
LDL or HDL cholesterol levels when oils high in either
fatty acid were substituted in the diet. The meta-analysis
suggested that the effects of MUFA and PUFA on blood
lipids were not substantial enough to choose one over the
other on these criteria alone [62].

Several controlled, clinical trials have compared the
effects of cholesterol-lowering diets with an increase in n-6
PUFA as a replacement for saturated fatty acids on coro-
nary endpoints [12]. Meta-analysis of trial results indicates
that substitution of n-6 PUFA for saturated fatty acids
reduces risk for CHD [10,11,56]. Perhaps even more
impressive, however, is a growing body of evidence that
relates improvement in CHD mortality with n-3 (fish oil)
intake [63]. This topic is discussed later in this article. ATP
III suggests that n-6 PUFA are one form of unsaturated fatty
acids that can replace saturated fat. Most n-6 PUFAs should
be derived from liquid vegetable oils, semi-liquid marga-
rines, and other margarines low in trans fatty acids. Intakes
of n-6 PUFA can range up to 10% of total calories.

As noted previously, when carbohydrate is substituted
for MUFA, especially from refined sources, there is fre-
quently a fall in HDL cholesterol and a rise in triglycerides
[56]. There are conflicting data regarding whether the tri-
glyceride rise is chronic. Nonetheless, when complex carbo-
hydrates with higher fiber contents are consumed, the
potential rise in triglycerides or fall in HDL cholesterol are
reportedly reduced [64–66]. This may be further explained
by the concept of the "glycemic" potential of different foods.
Simply put, some carbohydrates elevate blood sugar more
than others do. The glycemic index (GI) is a measure used to
categorize foods by their ability to elevate blood glucose lev-
els compared with a known standard. Observational studies
using food frequency questionnaires have reported that GI
varied positively with triglycerides and inversely with HDL
cholesterol [67,68]. Due to the absence of controlled, clini-
cal trial data at the time of publication, ATP III did not advo-
cate inclusion of the GI in recommending TLC diets because
current research findings remain inconclusive. GI can vary
widely for each group of foods, attributed to factors such
as its form when eaten, the way it is processed, how it is
chewed, how it is emptied from the stomach, and an indi-
vidual's physiologic and metabolic responses [69]. The
recently published international table of GI and glycemic
load values will permit more standardized research on
this important topic [70•]. Clearly, continued investigation
into ways to categorize carbohydrate intake is warranted.
In summary, ATP III recommended that carbohydrate
intakes should be limited to 60% of total calories in persons
with the metabolic syndrome. Lower intakes (eg, 50% of
calories) should be considered for persons with elevated
triglycerides or low HDL cholesterol. Regardless of intakes,
most of the carbohydrate intake should come from grain
products, especially whole grains, vegetables, fruits, and fat-
free and low-fat dairy products.
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Recommendation of Regular Physical Activity 
and Weight Loss As Important First Steps 
in Reversing the Adverse Metabolic Trends 
of the Metabolic Syndrome
In ATP III, emphasis on weight reduction is delayed until
after dietary measures for LDL cholesterol lowering are
introduced. After an adequate trial of LDL cholesterol-
lowering measures, the focus is on the metabolic syndrome
and its associated abnormalities in HDL cholesterol, tri-
glyceride, and glucose. Weight reduction and daily exercise
are recommended. Physicians need to remind patients that
small, achievable amounts of weight loss can improve blood
pressure, lipids, and glucose metabolism [71].

The potential for benefit is great. Utilizing a lower
saturated fat intake, more fiber, and more exercise, two
large, clinical trials of those with impaired glucose toler-
ance have shown that diabetes can be prevented in 58% of
subjects [72•,73•]. These trials were published after ATP III
guidelines were released, but corroborate the emphasis of
ATP III on treating the metabolic syndrome.

Emphasizing Healthy Aspects of Diet
Epidemiologic studies strongly suggest that other nutrient
factors affect baseline risk for CHD. Kris-Etherton et al. [74•]
noted that although hard to define precisely, a "Mediterra-
nean style-diet emphasizes a diet that is high in fruits,
vegetables, bread, other forms of cereals, potatoes, beans,
nuts, and seeds. It includes olive oil as an important fat
source and dairy products, fish, and poultry consumed in
low to moderate amounts; eggs consumed zero to 4 times
weekly; and little red meat. In addition, wine is consumed in
low to moderate amounts. This dietary pattern is based on
food patterns typical of many regions in Greece and south-
ern Italy in the early 1960s. The Mediterranean-style Step I
diet used in the Lyon Diet Heart study was comparable
to this pattern, but uniquely different in that it was high in
alpha-linolenic acid." The Lyon Study [75•] was a random-
ized, dietary clinical trial of myocardial infarction (MI)
survivors that fed subjects a Mediterranean-style diet high
in alpha-linolenic acid (ALA) due to a canola oil-enriched
margarine, but had more fiber, monounsaturates, and less
dietary cholesterol and saturated fat than the control group.
There was no significant difference in alcohol intake
between the groups. The benefit was striking, with a signifi-
cant reduction in CHD deaths that was independent of
any effects on lipids and is consistent with an emerging data
base suggesting a reduction in sudden death in those who
have diets enriched in n-3 PUFA. Kris-Etherton et al. [74•]
noted that n-3 PUFAs could have exerted their cardio-
protective effects via multiple mechanisms, including effects
on arrhythmias in post-MI subjects, inflammation with
decrease in the synthesis of cytokines and mitogens, the
stimulation of endothelial-derived nitric oxide, the throm-
botic process as fish oils prolonged the bleeding time, and
prostaglandin and leukotriene precursors.

Omega-3 polyunsaturated fatty acids
Omega-3 PUFAs or omega-3 fatty acids occur in certain
vegetable sources such as soybean, canola oil, English
walnuts, or flaxseed oil as ALA (18:3). Marine lipids include
EPA (20:5) and DHA (22:6). High intakes of marine n-3
fatty acids reduce triglyceride levels [76]; this effect appears
to be secondary to decreased very low-density lipoprotein
(VLDL) production [77]. Generally, marine n-3 fatty acids
have no effect on LDL cholesterol levels, but large doses have
been shown to reciprocally increase LDL cholesterol levels
in persons with hypertriglyceridemia [78].

The data for primary prevention of CHD was not as
strong as that for secondary prevention when the ATP guide-
lines were written. The effect in most, but not all, studies
appeared to be that moderate fish consumption reduced
sudden cardiac death or fatal occurrences of CHD [79–81].
Some prospective cohort studies did not show a protective
effect of fish oil at all [82,83]. This is an important finding
because more than half of coronary mortality is in the form
of sudden death. In the Framingham study, 50% of the
sudden deaths in men and 64% in women occur in persons
without prior CHD, whereas 18% of coronary attacks in
men and 24% in women present as sudden death [84].
Albert et al. [85••] extended earlier observations that fish
consumption reduced sudden death in the Physician's
Health Study. They noted in a prospective case-control
analysis of healthy subjects who had levels of n-3 fatty acid
in blood drawn at the beginning of the trial that those in the
upper quartile had an 81% less risk of sudden death than
those in the bottom quartile of the distribution [85••]. Ear-
lier data from the Physician's Health Study had shown that
n-3 fatty acids did not predict MI [86]. Albert et al.'s data is
consistent with the nested, case-control study by Siscovick
et al. [87] that found an inverse relationship between risk
for sudden cardiac death and both reported intake of
marine n-3 fatty acids and erythrocyte n-3 fatty acid level.

The data for increased n-3 fatty acids reducing sudden
death in those with CHD is striking. Four clinical trials
suggest that n-3 fatty acids from marine or plant sources
reduce sudden death and overall death in populations with
pre-existing cardiovascular disease. The DART trial [88] was
a relatively large, secondary prevention trial in which
subjects advised to eat fatty fish had a 29% reduction in 2-
year all-cause mortality compared with those not so advised,
although MI and coronary death were not specifically
reduced. The Lyon Heart trial [75] included increased intakes
of ALA as part of a Mediterranean diet. Compared with the
control group, subjects consuming the Mediterranean diet
had fewer coronary events. The authors attributed some of
the benefit to higher intakes of n-3 fatty acids. In a small sup-
plement trial, Singh et al. [89] treated patients with suspected
acute MI with fish oil capsules (EPA, 1.08 g/d), mustard oil
(ALA, 2.9 g/d), or placebo. After 1 year, total cardiac events
were significantly less in the groups on fish oil and mustard
oil supplements. Furthermore, the large, placebo-controlled
(although unblinded) Gruppo Italiano per lo Studio della
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Sopravvivenza nell'Infarto Miocardio (GISSI) Prevenzione
trial [63] administered fish oil supplements containing n-3
fatty acids (1 g/d of fish oil, n=2836 subjects) and compared
coronary outcomes with control subjects (n=2828). The
group receiving fish oil supplements had a reduction of sud-
den death of 45% [63]. A reanalysis of this study showed the
early influence of giving the n-3 fatty acids, supporting the
contention that an antiarrhythmic effect was at the basis of
the benefit [90]. Leaf [91] argued that an excess of n-6 PUFAs
and their metabolites when unbalanced by n-3 fatty acids
might increase coronary atherosclerosis and sudden cardiac
arrhythmic deaths.

A note of caution regarding general recommendations
about fish was provided by data that show some fish have a
high mercury content and the toxic effects of mercury could
attenuate the protective effects of fish. Also, the cardiac bene-
fit of fish does not extend to preventing consistently signifi-
cant angiographic progression or restenosis after angioplasty.

The ATP III panel recognized that the mechanisms
whereby n-3 fatty acids would reduce coronary events were
unknown and might be multiple. Data from Leaf's labora-
tory [91] suggest an important effect on raising the threshold
for ischemic ventricular arrhythmias. ATP III suggested that
higher dietary intakes of n-3 fatty acids in the form of
fatty fish or vegetable oils are an option for reducing risk for
CHD. This recommendation is optional because the
strength of the evidence was only moderate at its writing
and there was concern over safety issues. ATP III supports the
American Heart Association's recommendation that fish
be included as part of a CHD risk-reduction diet. Fish in
general is low in saturated fat and may contain some cardio-
protective n-3 fatty acids. A dietary recommendation for a
specific amount of n-3 fatty acids was not made.

Although the data suggesting benefit of fish oil for
those at risk for arrhythmic death (post-MI survivors) are
compelling, many physicians are unaware that some fish
oil capsules that are labeled as 1-g doses may only contain
300 mg of DHA plus EPA. This is not what was given in
GISSI Prevenzione. (they gave fish oil capsules containing
850 to 882 mg of EPA and DHA as ethyl esters.) If safety
issues are not of concern and proper dosages can be given,

it may be reasonable to recommend for those at high
risk two to three meals of fish per week, or if patients are
unable to tolerate fish intake to that extent or are at high
risk, fish oil capsules to duplicate what was given in DART
and GISSI Prevenzione can be prescribed.

Application of Therapeutic Lifestyle Change
The ATP III panel suggested an orderly sequence of inter-
actions between physician and patient to ensure optimal
TLC. After the initial visit, when therapeutic diet and advice
about regular exercise are introduced, the patient should be
followed-up in approximately 6 weeks. If the LDL choles-
terol goal has been achieved, or if progress in LDL lowering
has occurred, dietary therapy should be continued and
the patient encouraged in their adherence (Table 3). If the
LDL goal is not achieved, the physician has several options,
beginning with assessment of adherence to the recom-
mended diet. The assistance of a nutrition professional for
formal nutritional instruction and counseling (medical
nutrition therapy) is especially valuable at this time. Second,
additional therapeutic dietary adjuncts for LDL cholesterol
lowering (plant stanols/sterols and increased viscous fiber)
can be emphasized to enhance LDL lowering. At the third
visit, if LDL cholesterol goals are still not met, the focus
should shift to treating the metabolic syndrome as noted
previously. Attention to weight reduction is key, and empha-
sis is on regular physical activity to sustain any weight loss.

How well this program works depends upon many fac-
tors. Knowledge, attitude, and readiness to change in the
patient are important considerations. Time, training, and
counseling skills of the interventionist will also influence
results. Addition of physical activity can have tremendous
benefits in both weight control and lipid management, but
again the level of adherence and motivation of the patient
are essential features. Benefits of physical activity increase
with increasing levels of activity, but benefits are likely even
if modest levels for approximately 30 minutes are carried
out on most days of the week [96]. Despite a lack of
compelling evidence that counseling results in long-term
changes in physical activity behaviors [97], adherence to the

Table 3. Macronutrient recommendations for the Therapeutic Lifestyle Change diet

Component Recommendation

Polyunsaturated fat Up to 10% of total calories 
Monounsaturated fat Up to 20% of total calories 
Total fat 25%–35% of total calories* 
Carbohydrate† 50%–60% of total calories* 
Dietary fiber 20–30 g/d
Protein Approximately 15% of total calories 

*Diet allows for an increase in total fat to 35% of total calories and a reduction in carbohydrate to 50% for patients with 
the metabolic syndrome. Any increase in fat intake should be in the form of either polyunsaturated or monounsaturated fat.
†Carbohydrates should derive predominantly from foods rich in complex carbohydrates and fiber, including grains 
(especially whole grains), fruits, and vegetables.
Adapted from National Cholesterol Education Program [1••].
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Surgeon General's recommendations of regular physical
activity remains a laudable goal. Finding more effective
ways of counseling patients to help stimulate adherence to
regular physical activity should continue to command
research attention. The Patient-centered Assessment &
Counseling for Exercise & Nutrition (PACE) program is one
example of a cost- and time-effective way of working with
patients to achieve more physical activity that might prove
useful in some settings [98].

A recent review of the literature on behavioral counseling
on physical activity by the US Preventive Services Task Force
stated that the evidence was insufficient to recommend for
or against behavioral counseling in primary care settings to
promote physical activity [99•]. Large, prospective studies are
needed to evaluate the benefits and risks associated with this
approach over the long term (>2 years) and with objective
data regarding why subjects drop out of such trials. The
potential benefits of diet and exercise have already been
shown (as mentioned previously) in high-risk subjects
with impaired glucose tolerance in two large, long-term,
clinical trials [72•,73•].

Conclusions
The ATP III panel presents an evidence-based approach to
nonpharmacologic therapy linking diet, physical activity,
weight loss, and behavioral change. This therapeutic life-
style change has the potential to improve lipids and overall
cardiovascular health in various ways. In a society where
there is growing concern over expanding waistlines,
obesity, and increased incidence of diabetes, the focus on
TLC by the ATP III guidelines should provide needed
guidance to practitioners who wish to not only improve
lipids profiles and CHD risk, but prevent metabolic
syndrome and type II diabetes as well.
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