
DIET AND CARDIOVASCULAR DISEASE PREVENTION: WHAT WORKS? 

Linda Van Horn, Ph.D., R.D. 
Northwestern University Medical School 

Rae-Ellen Kavey, M.D. 
SUNY Health Science Center at Syracuse 

ABSTRACT 

Diet is routinely recommended as the primary strategy for the 
prevention and treatment of high blood cholesterol. The National 
Cholesterol Education Program (NCEP), the American Heart 
Association (AHA), and a host of other health and medical 
organizations have advocated a diet low in total and saturated fat 
and cholesterol for reducing risk of cardiovascular disease. What 
is the evidence supporting these guidelines and the expected 
efficacy of dietary treatment? There is growing awareness that 
despite well-documented rationale for the dietary approach, many 
eligible patients are not routinely prescribed dietary treatment, and 
among those who are, there is limited response. What are the 
obstacles in implementing effective dietary intervention for preven- 
tion of cardiovascular disease? What are both the theoretical and 
practical limitations to achieving long-term adherence to diet and 
what strategies have been shown to be most effective? A review of 
the data surrounding these diet-lipid relationships is presented 
along with recently tested and promising behavioral approaches to 
facilitating patient adherence. 

(Ann Behav Med 1997, 19(3):197-212) 

INTRODUCTION/OVERVIEW 
In considering what works in preventing and treating cardio- 

vascular disease (CVD), diet is a proven contender, but achieving 
adherence is a challenge. Data from observational studies have 
repeatedly demonstrated that populations with lower intakes of 
saturated fat and cholesterol have lower rates of cardiovascular 
and, in many studies, all-cause mortality as well (1,2). There is 
now ample evidence that the association between level of serum 
cholesterol and associated risk of cardiovascular mortality is 
continuous and graded (3,4). On the basis of epidemiological and 
observational studies in men, women, African-Americans, and 
elderly individuals, as well as postmortem angiographic studies in 
young people, the National Institutes of Health (NIH) and the 
European Atherosclerosis Society have concluded that the relation- 
ship between elevated blood cholesterol and coronary artery 
disease is causal (2,5,6). 

Other trials have tested the effectiveness of lipid-lowering 
intervention in primary and secondary prevention of coronary 
disease (5,7). A recent meta-analysis of four major, randomized 
trials reported 24% and 14% reductions in non-fatal and fatal 
myocardial infarction due to cholesterol-lowering (8). Many of 
these studies also involved multiple risk factors and diverse 
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treatments resulting in overall favorable decreases in coronary 
heart disease (CHD) mortality, but the specific contribution of 
dietary change is difficult to quantify. A comprehensive review 
involving 10 prospective studies, 3 international studies, and 28 
randomized controlled clinical trials reported consistent reductions 
in the incidence of ischemic heart disease by approximately 50% at 
age 40 and 20% at age 70 by decreases of 0.6 mmol/L (or about 
10%) in serum cholesterol concentrations (9). Such reductions are 
readily achievable through careful adherence to dietary changes, 
especially in controlled settings. 

Compared to pharmacologic intervention, dietary intervention 
has produced less net reduction in total cholesterol (TC) and 
low-density lipoprotein cholesterol (LDL-C) levels in randomized 
trials (10). Yet, as shown in Figure 1, two recent secondary 
intervention trials----one with drugs (Scandinavian Simvastatin 
Survival Study or 4S) and one with a Mediterranean, a-linolenic 
rich diet (Lyon Diet Heart Study)--reported reductions in cardiac 
deaths over five years that were remarkably similar (11-14). 
Likewise, adherence to the Cretan Mediterranean diet among 
French coronary patients offered protective benefits in reduced 
mortality that were statistically correlated with increases in 
omega-three (n-3) fatty acids and linolenic and oleic acids and 
decreases in linoleic acid, but not specifically with serum concen- 
trations of TC, LDL-C, or high-density lipoprotein cholesterol 
(HDL-C) (11,12). 

Major diet and angiography trials such as the Cholesterol 
Lowering Atherosclerosis Study (CLAS), the Lifestyle Heart 
Study, the Heidelberg Trial, the St. Thomas Atherosclerosis 
Regression Trial (STARS), and the Familial Atherosclerosis Treat- 
ment Study (FATS) have also reported favorable effects on blood 
cholesterol-lowering with varying degrees of dietary fat restriction 
(15-19). Greater declines in LDL-C were reported when total fat 
and saturated fat were aggressively restricted, especially in the 
metabolic ward setting (16). With total fat intake less than 20% of 
total calories, LDL-C levels declined 25% in three weeks, but after 
one year this decrease from baseline was 4% in free-living 
conditions (16). In the Lifestyle Heart Trial, LDL-C was reduced 
37.8% when total fat was restricted to 10% of total calories, along 
with exercise, stress reduction, and other behavioral interventions, 
but the sample size was relatively small and follow-up limited (17). 
Extensive reviews of these dietary intervention studies appear 
elsewhere (2,20,21). The prevailing theme in these reviews is that 
aggressive dietary treatment with diets low in total and saturated 
fat induces blood cholesterol-lowering and favorable angiographic 
changes and potentially helps improve symptoms such as angina 
and other non-lipid related symptoms, hut achieving and maintain- 
ing dietary adherence long-term remains a major challenge. 

It was on the basis of cumulative scientific evidence from 
epidemiological and controlled clinical trials that the National 
Cholesterol Education Program (NCEP) advocated diet as the 
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cornerstone of treatment in its first and second Reports of the Adult 
Treatment Panel, as well as the Population Based Panel and 
Pediatric Panel reports (22,23). It was on the same day in 1989 that 
both the NCEP and the American Heart Association (AHA) held 
press conferences announcing population-wide recommendations 
for the Step I and Step II diets as the primary strategies for 
prevention and treatment of high blood cholesterol (22,24). 

Since then, considerable progress has been made in some 
aspects of the U.S. diet, and there has simultaneously been a steady 
decline in the nation's blood cholesterol level. In 1977, the average 
intake of total fat and saturated fat in the U.S. were 42% and 14%, 
respectively (25). In 1988-1991, they were 34% and 12%, 
respectively (25). A three-year United States Department of 
Agriculture (USDA) Survey reported total fat intake was 33% in 
1994 (26). Although the vast majority of U.S. adults still eat more 
than the recommended 30% of total calories as fat, the country as a 
whole has had a major downward shift in total fat intake. 

Paradoxically, obesity and weight gain are increasing at 
epidemic rates, especially among young women and children. This 
seems counterintuitive until levels of inactivity (addressed else- 
where in this journal) and several other aspects of the diet, such as 
energy sources and diet assessment methods, are further evaluated. 
Self-reported energy intake as well as activity expenditure are 
often unreliable, especially in obese individuals (27-29). 

Another potential dietary contributor to the population's 
energy imbalance problem is the low mean intake of total dietary 
fiber estimated to be 14.82 grams in 1988-1991 (30). AHA 
recommends 25-30 grams of dietary fiber a day from whole grains, 
vegetables, and fruits (31). Because on average, the population eats 
less than half of the recommended minimum of five servings of 
fruits and vegetables per day, intake of more energy-dense but 
nutrient-poor foods is the likely consequence. For example, 
high-fructose corn syrup has increased from less than 25 pounds 
per capita in 1980-1983 to over 52 pounds per capita in 1994 (32). 
Simultaneously, despite increased use of non-caloric sweeteners, 
overall use of caloric sweeteners has increased 13.4% during this 
same time period (33). Any or all of these factors may be 
contributing to weight gain. 

This article will address the role of diet in preventing and 
treating cardiovascular disease by reviewing the dietary factors 
that contribute to effective lipid-lowering and the population 
strategies that have reportedly been effective in improving dietary 
adherence. It has been estimated that approximately 52 million 
Americans are candidates for diet therapy to reduce high blood 
cholesterol (see Table 1); yet according to recent surveys, less than 
10% have been prescribed such diets (34,35). Concerns regarding 
limited or ineffective prescription of the Step I or Step II diets in 
favor of pharmacologic intervention will be discussed. The poten- 
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TABLE 1 
Percentage of the Adult Population Based on NHANES III Lipid Data 

Who Are Candidates for Dietary Intervention by NCEP Criteria 1 

Borderline- 
High-Risk 

(LDL 130-159 High-Risk CHD and 
mg/dL);->2 (LDL-->160 LDL>100 

Population Group Risk Factors m g / d L )  m g / d L  Totals 

All persons 7 16 6 29 (74) 2 
Ethnicity: 

Mexican-American 5 12 4 21 (63) 
Non-Hispanic Blackt 7 15 5 27 (78) 
Non-Hispanic White 7 17 6 31 (74) 

Sex/age in years: 
Men 
-->20 9 17 6 32 (74) 
20-34 4 9 2 14 (61) 
35-44 6 20 2 27 (73) 
45-54 13 25 6 45 (74) 
55-64 16 26 14 56 (83) 
65-74 14 24 15 53 (77) 
->75 14 15 18 47 (81) 
Women 
-->20 6 15 6 27 (73) 
20-34 2 6 1 9 (51) 
35-44 2 5 7 13 (55) 
45-54 4 19 7 29 (85) 
55--64 12 30 9 52 (80) 
65-74 13 35 6 54 (83) 
->75 13 26 18 58 (89) 

1 Adapted from Sempos et al. (34). 
z In parentheses are percent requiring fasting 

23). 
I All Hispanic persons were excluded. 

lipoprotein analysis (22, 

tial impact of combined use of clinical and population-based 
dietary change will further be assessed. 

EVIDENCE THAT DIET LOWERS RISK OF 
CORONARY HEART DISEASE 

Observational data and controlled clinical trials suggest that 
each 1 mg/dl increment in LDL-C increases CHD risk by 1%. For 
every 1% decrease in TC and LDL-C, CHD risk is expected to 
decrease by 2-3%, and a 1 mg/dl decrease in HDL-C is associated 
with 2-3% increased risk (23). Studies in patients with CHD have 
reported that lowering LDL-C through dietary change combined 
with smoking cessation or medication resulted in less progression 
and measurable regression of coronary artery lesions compared to 
the control group (15-19). 

It was on the basis of metabolic ward studies testing saturated 
fatty acids (SFA), cholesterol, and polyunsaturated fatty acids 
(PUFA), the major nutrients known to affect blood cholesterol at 
the time, that Keys and colleagues developed their classic formula 
in the 1950s that is still used to predict blood lipid response to 
dietary change (1,36,37). The formula incorporates their findings 
that saturated fatty acids raise total cholesterol twice the amount 
that polyunsaturated fat lowers it. Dietary cholesterol raises TC but 
proportionately less than saturated fatty acids. More specifically, 

Keys Equation: C = 1.35 (2S - P) + 1.5z 

where C = change in serum TC (mg/dl), S = change in percent 
energy intake from saturated fatty acids, P = change in percent 
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energy from polyunsaturated fatty acids, and z = difference in 
square roots of baseline versus treatment cholesterol intakes 
(mg/1000kcal). Subsequent modifications by Hegsted (38,39), 
Mensink and Katan (40), and Yu et al. (41) continue to concentrate 
on these fundamental dietary factors as well as assessing the 
impact of monounsaturated fatty acids (MUFA) and stearate and 
including overall impact on LDL and HDL. As summarized by 
Kris-Etherton and Yu (42), these predictive equations report that 
SFA raise and PUFA lower TC and LDL-C and monounsaturated 
fatty acids are half as potent as PUFA in lowering TC. 

More recent studies among high-risk CHD patients have 
reported significant reductions in TC and LDL-C with diets very 
low in fat and/or strictly vegetarian (43,44). Studies comparing 
vegetarian versus non-vegetarian populations likewise favor the 
former (44-47). Also, beyond specific nutrient associations with 
lipids, the use of fruits and vegetables in a fat-modified diet has had 
favorable impact (47). 

In addition to advances in qualifying and quantifying the 
impact of other dietary factors beyond those included in the Key's 
formula, there is also compelling evidence that an increase in 
HDL-C is strongly inversely related to cardiovascular events 
(2,7,23). To date, there is some evidence that SFA, MUFA, and 
PUFA may increase HDL-C levels, but no quantitative estimates 
have been confirmed (42). Studies have reported a protective effect 
on HDL when MUFA is substituted for SFA but not PUFA (40-42). 
No specific foods or nutrients have been linked to increasing HDL. 
Rather, behavioral changes related to weight loss, exercise, and 
smoking cessation are reportedly the non-pharmacologic factors 
that favorably influence HDL-C (23). 

A more comprehensive formula that encompasses non-lipid as 
well as lipid components that predict blood cholesterol response 
has not yet been tested. The list of potential antiatherogenic factors 
continues to grow as new research provides data illustrating 
adjunctive lipid-lowering benefits beyond fat-modified diet alone. 
Antioxidants, soluble fiber, monounsaturated fatty acids, omega- 
three fatty acids, and other factors have also been reported to have 
favorable impact on blood lipids, but the composite effects have 
not been quantified. A brief review of these studies is summarized 
below. 

Saturated Fatty Acids 
Saturated fatty acids differ in chain lengths and in their 

respective impacts on TC and LDL-C levels. Individually, palmitic 
(16:0), lauric (12:0), and myristic (14:0) acids raise TC and 
LDL-C, but stearic acid (18:0) lowers them or has a neutral impact 
(42,48). Common food sources of these saturated fatty acids are 
comprised of mixtures of them. Since food labeling laws do not 
currently differentiate between types of saturated fatty acids, the 
practical relevance of this finding is limited. For example, isolated 
studies of chocolate and beef, both relatively rich sources of stearic 
acid, have reported little or no cholesterol-raising impact in some 
individuals following the Step I diet (49,50). Because these foods 
are also sources of palmitic and myristic acids, the overall 
recommendation is to limit intake along with other saturated 
fat-containing foods. 

In an extensive review of the cholesterolemic effects of 
individual fatty acids, Kris-Etherton and Yu (42) evaluated data 
from well-controlled and well-defined experimental diet studies, 
using strict criteria regarding appropriate experimental design, 
endpoints, sample sizes, etc. Among individual saturated fatty 
acids, it was concluded that there is heterogeneity in cholesterol- 
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emic response, but the 12:0-16:0 saturated fatty acids are distinctly 
hypercholesterolemic with myristic acid apparently yielding the 
most potent effect (42). Stearic acid, though saturated, produces 
LDL-C lowering when substituted for lauric, myristic, or palmitic 
acid, and oleic and linoleic acids are hypocholesterolemic com- 
pared to the saturated fats. In general, total cholesterol and LDL-C 
responses are typically similar and parallel (51). Laurie, rnyristic, 
and palmitic acids all increase TC and LDL-C, and stearic acid 
lowers TC and LDL-C with apparently no impact on HDL-C or 
triglycerides (52). 

Dietary Cholesterol 
Dietary cholesterol is second only to SFA in its atherogenic 

impact on LDL-C, and recommended levels are less than 300mg/ 
day or 200mg/day as part of the Step I or Step II Diet, respectively 
(22-24). Epidemiologic studies have reported that dietary choles- 
terol has an independent risk of CVD mortality that transcends the 
effect on lipids (53-57). On a practical level, by lowering SFA 
intake to the recommended levels, dietary cholesterol intake is 
typically automatically reduced. Since the greatest contributor of 
dietary cholesterol in the American diet is egg yolks, limiting total 
egg consumption will help reduce dietary cholesterol intake. 
Because of the body's endogenous synthesis, there is no biological 
requirement for dietary cholesterol, thereby eliminating the need 
for a minimum intake. 

Unsaturated Fatty Acids 
Since the early days of the development of the Key's formula, 

much data have accumulated that document LDL-C lowering 
benefits from not only PUFA but MUFA as well (48,58-61). 
Substituting either of these unsaturated fatty acids for saturated fat 
in the diet has resulted in favorable reductions in LDL-C. Because 
of concerns about overall safety and the fact that very few 
populations have consistently reported PUFA intakes -->10% of 
total calories, the Step I-II  Diets have advocated no more than this 
amount (23). In vitro, increased PUFA intake contributes to 
increased PUFA composition in the LDL-particle and may increase 
its susceptibility to oxidation, thereby increasing atherogenecity 
(51,59,62). It remains to be established whether this has clinical 
relevance. 

On a practical level, it is difficult to achieve PUFA intakes 
much above 5-6% of calories without intentionally increasing use 
of margarine, salad dressings, and cooking oils. This approach is 
problematic for at least three reasons. First, it may be more 
effective for weight-conscious individuals to replace calories lost 
from saturated fat with less calorically dense options such as 
complex carbohydrates. Second, this approach may also result in 
increased intake of trans fatty acids, shown to raise TC (63,64). 
Third, there are some data suggesting that increased PUFA intake 
may reduce HDL-C levels (48,51). 

Growing evidence supports a measured favorable impact of 
MUFA on TC and LDL-C. Studies comparing the benefits of 
substituting MUFA for PUFA sources report an HDL-C sparing 
effect of the former (48,62,65). Again, from a practical viewpoint, 
food labels do not currently list monounsaturated fatty acid content 
of foods, making it important for patients to recognize the most 
common food sources. Olive oil and canola oil are currently the 
most concentrated sources of monounsaturated fats available 
commercially. The Mediterranean diet, high in olive oil, has 
captured recent scientific attention as a comprehensive lipid- 
lowering plan (21,66,67). Because total fat content is typically 

higher than the recommended 30% of total calories, the potential 
for weight gain in the U.S. population with its significant obesity 
problem must be considered before population-wide recommenda- 
tions can be made. 

Weight loss among obese individuals following the AHA Step 
I Diet with elevated blood cholesterol levels intensified the 
reduction of LDL-C without decreasing HDL-C and possibly even 
increasing it (48,67,68). Weight loss in overweight, high-risk 
individuals is one of the most powerful strategies for reducing risk 
of CHD (68,69). [It is also more difficult to achieve and maintain 
long-term than qualitative changes in the diet (69)]. Dietary 
patterns that are lower in total fat also tend to be lower in total 
calories, but a combined diet plus exercise approach has been 
consistently advocated for maximum benefit (70-72). 

Omega-Three Fatty Acids 
Among the PUFA, the three major omega-three fatty acids are 

alpha linolenic (LNA), eicosapentaenoic acid (EPA), and docosa- 
hexaenoic acid (DHA). The latter two are found in fish and fish 
oils. LNA is found in tofu, soy bean and canola oil, nuts, and 
flaxseed oil. Clinical trials have shown triglyceride-reducing 
benefits from fish oil therapy (73-75). Cross-cultural and prospec- 
tive studies in Japan, Greenland, Zutphen, and Chicago reported 
lower CHD mortality among areas consuming more fish (2,20,73). 
Conversely, no association was demonstrated in two other large 
observational studies, the Physician's Health Study and the Health 
Professionals' Follow-Up Study (75,76). The Diet and Reinfarc- 
tion Trial (DART) reported a 29% drop in all-cause mortality in 
men with CHD who were assigned to regular fish consumption 
(77). Despite these inconsistent findings and the absence of 
conclusive mechanisms, patients are advised to substitute fish for 
fatty meats, but fish oil supplements are not routinely recom- 
mended. 

Trans Fatty Acids 
Trans fatty acids are created when polyunsaturated fats are 

hydrogenated to produce margarine and shortenings. They also 
occur naturally from anaerobic bacterial fermentation in ruminants 
and exist in meat and dairy products (78). The normal cis form of 
polyunsaturated fatty acids lowers LDL-C, but may lower HDL-C 
as well (79). Very few controlled clinical studies have been 
conducted with sufficient evidence to draw definitive conclusions 
about its atherogenic potential. Compared with unsaturated fatty 
acids, trans fatty acids raised total cholesterol and LDL-C and 
lowered HDL-C, as well as increasing LP(a) levels in the few 
studies that have documented effects (40,80,81). Due to these 
limited findings, results should be interpreted with caution and 
specific dietary recommendations on trans fatty acids are as yet 
premature. 

Summary of Lipid Response to Changes in Individual 
Fatty Acids 

It is beyond the scope or purpose of this paper to review the 
full extent of reported reductions in TC and LDL-C in response to 
changes in individual fatty acids. Excellent, comprehensive re- 
views appear elsewhere (42,51,82). A summary of the most 
relevant data are presented in Table 2 (adapted from reference 42), 
illustrating predicted plasma total, LDL-C, and HDL-C responses 
to specific dietary changes as measured in tightly controlled 
feeding studies. Despite some differences in the specific equations, 
the common theme in comparing these predictive formulas devel- 
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TABLE 2 
Predicted Plasma Total and Lipoprotein Cholesterol Response to Dietary Change, mmol/L (mg/dl) 

201 

Predicted TC Response Predicted LDL-C Response Predicted HDL-C Response 

Diet Change Keys a Hegsted b Mensink c Hegsted b Mensink c Hegsted b Mensink c 

AAD1 -* AAD2 -0.14 (-5.4) -0.11 (-4.2) -0.08 (-2.9) -0.09 (-3.5) -0.06 (-2.3) -0.03 (-1.0) -0.03 (-1.3) 
AAD1 --, Step 1 -0.70 (-27.0) -0.41 (-16.0) -0.23 (-8.9) -0.33 ( -  12.6) -0 . t9  (-7.4) -0.12 (-4.8) -0.07 (-2.8) 
AAD2 ~ Step 1 -0.54 (-20.9) -0.31 (-11.8) -0.16 (-6.0) -0.24 (-9.2) -0.13 (-5.1) -0.10 (-3.9) -0.05 (-1.9) 
AAD1 ~ Step 2 -1.02 (-39.5) -0.66 (-25.6) -0.35 (-13.6) -0.52 (-20.1) -0.30 (-11.5) -0.21 (-8.2) -0.11 (-4.2) 
AAD2 ---* Step 2 -0.88 (-34.1) -0.55 (-21.4) -0.28 ( -  11.0) -0.43 (-16.6) -0.24 (-9.2) -0.19 (-7.2) -0.08 (-3.0) 
Step 1 ~ Step 2 -0.49 (-18.9) -0.25 (-9.7) -0.12 (-4.7) -0.19 (-7.4) -0.11 (-4.1) -0.09 (-3.3) -0.03 (-1.1) 
AAD1 -~ VLSF -1.47 (-57.0) -0.91 (-35.3) -0.47 (-18.1) -0.71 (-27.4) -0.40 (-15.4) -0.30 (-11.6) -0.14 (-5.6) 
AAD2 ~ VLSF -1.18 (-45.6) -0.80 (-31.1) -0.40 (-15.3) -0.62 (-24.0) -0.34 ( -  13.0) -0.28 (-10.7) -0.11 (-4.4) 
Step 2 --, VLSF -0.49 ( -  18.9) -0.25 (-9.7) -0.12 (-4.5) -0.19 (-7.4) -0.10 (-3.8) -0.09 (-3.4) -0.04 ( -  1.4) 
AAD1 --, MUFAI -0.70 (-27.0) -0.41 ( -  16.0) -0.25 (-9.8) -0.33 ( -  12.6) -0.24 (-9.1) -0.11 (-4.1) -0.02 (-0.8) 
AAD1 --, MUFA2 -0.70 (-27.0) -0.41 ( -  16.0) -0.24 (-9.4) -0.33 ( -  12.6) -0.22 (-8.4) -0.11 (-4.4) -0.05 ( -  1.8) 
AAD2 ---, MUFA1 -0.56 (-21.6) -0.31 (-11.8) -0.18 (-6.9) -0.24 (-9.2) -0.18 (-6.8) -0.08 (-3.2) +0.01 (+0.5) 
AAD2 ---" MUFA2 -0.56 (-2t .6)  -0.31 ( -  11.8) -0.17 (-6.5) -0.24 (-9.2) -0.15 (-5.8) -0.09 (-3.5) -0.01 (-0.5) 

AAD: average American diet, VLSF: very-low saturated fat diet, MUFA: high MUFA diet, "Keys et al. (192), b Hegsted et al. (39), c Mensink and Katan 
(40). 

Adapted from Kris-Etherton P, Yu S: Individual fatty acid effects on plasma lipids and lipoproteins: Human studies. American Journal of Clinical Nutrition 
(in press, 1996). 

oped by Keys, Hegsted, and Mensink is that the greatest reductions 
in TC and LDL-C are achieved when the average American diet is 
replaced by a diet very low in saturated fat (i.e. 3% of total calories 
or less) (36,37,39,40). This approach shifts the majority of energy 
intake to complex carbohydrate foods. 

Fiber and Lipids 
In addition to the recognized lipid-lowering benefits of dietary 

fat reduction, alterations in both the quality and quantity of 
complex carbohydrates and fiber can yield additional lipid reduc- 
tion. Observational data have reported inverse associations be- 
tween total dietary fiber intake and risk for CHD and all-cause 
mortality (83). Over the last two decades, numerous clinical trials 
have explored the impact of fiber, most often soluble fiber in the 
form of oats or psyllium, on blood total cholesterol and LDL 
cholesterol. Both short-term and longer-term studies have reported 
additional 2-3% reductions in LDL-C and total cholesterol with 
two or more servings of soluble fiber from oats within the context 
of Step I or II Diet (84-88). Together, lowering saturated fat and 
cholesterol intake and increasing sources of soluble fiber can have 
additive benefits, especially among those with the highest blood 
cholesterol levels. Behaviorally, emphasizing increased intake of 
soluble fiber-rich foods can have a favorable impact on lipid- 
lowering simply by triggering substitution of carbohydrate for fat 
(89). Rather than focusing on sacrificing fat-rich foods, people are 
encouraged to enjoy eating more fruits, vegetables, and whole 
grains, thus shifting the emphasis away from deprivation to 
enhanced intake. Current intake of total dietary fiber is approxi- 
mately 13 grams per day, only half of the recommended amount of 
25-30 grams per day (31). If population-wide increases in fiber 
intake occurred, the concomitant impact on dietary fat reduction 
could yield mean cholesterol-lowering benefits of at least 2-3%, 
potentially without further restricting saturated fat intake. This 
remains a viable public health strategy that has yet to be effectively 
implemented. 

Soy Products and Phytochemicals 
Soy protein substituted for animal protein also lowers blood 

cholesterol (90). It has been estimated that 25 grams of soy protein 

per day can reduce serum total cholesterol by 9 mg/dl with greatest 
responses estimated at 7-17% occurring among individuals with 
TC > 260 mg/dL (91). Soy contains phytochemicals, specifically 
the isoflavones genestein and daidzen, that may help lower blood 
cholesterol. Tofu and other soy protein products are rich sources of 
these isoflavones. Other phytosterols, tocotrienols found in garlic, 
and other non-nutrients like fiber have been studied with favorable 
results (90). The limiting amino acid in soy is methionine that may 
help reduce homocysteine levels, thereby offering further protec- 
tive benefits against CHD, independent of the lipid-lowering 
efforts (91). Conclusive data and specific mechanisms have yet to 
be quantified. 

Salt 
On the basis of epidemiologic data and clinical trials on salt 

restriction, the AHA recommends a limit of 6 grams of sodium 
chloride per day or 2.4 grams of sodium (31). In reporting findings 
from INTERSALT, a weak but significant correlation was ob- 
served between standardized blood pressure measurements and 
urinary sodium excretion in over 10,000 individuals from 52 
centers around the world (92,93). Multiple regression analyses 
across populations indicated that with 100 mmol/day lower sodium 
intake, the rise in systolic over diastolic blood pressure is less by 
10/6 mm Hg on average from age 25 to 55 years (94). In 
hypertensive individuals, a meta-analysis involving 23 studies and 
1,500 patients reported reductions of 4.9 mmHg and 2.6 mmHg in 
systolic and diastolic pressure, respectively (95). Similarly, the 
Trials of Hypertension Prevention (TOHP) reported significantly 
reduced blood pressure resulting from weight reduction as well as 
salt restriction in men and women with high normal blood pressure 
(96). 

Despite periodic objections suggesting that sodium intake is 
unimportant in normal, healthy, non-sodium sensitive individuals 
(97), there is growing evidence that moderating sodium intake 
offers public health benefits. Current estimates of sodium chloride 
intake in the United States range from 7.5 to 10.0 grams per day. 
The biological requirement for sodium is less than 500 mg/day. 
Overall, it is feasible to reduce sodium intake, and despite some 
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variability in blood pressure response, less than 2,400 mg/day is 
considered beneficial to overall cardiovascular risk reduction (31). 

Other Nutrients, Antioxidants, Homocysteine 
Other nutrients have also been explored regarding their 

impact on blood lipids. Antioxidant vitamins E, C, and 13-carotene 
delay and reduce the oxidation of LDL-C in vitro and may be 
especially important among smokers (20,98-100). Observational 
studies in female nurses and male health professionals have 
reported favorable reductions in CHD risk among those who took 
vitamin E supplements, but no intervention trials have yet been 
completed (99). Use of vitamin E supplements were associated 
with a 35% reduction in CHD after adjustment for other risk 
factors, multiple vitamins, 13-carotene, and vitamin C (98,99). 
Conversely, iron has been suggested to serve as a pro-oxidant in 
the arterial wall, thereby potentially contributing to LDL- 
oxidation, endothelial injury, and myocardial injury (101). Studies 
on iron and risk of CHD are as yet inconclusive. 

Elevated levels of homocysteine damage endothelial cells and 
promote arterial occlusion (102). Homocysteine is produced by the 
demethylation of methionine, an amino acid found mainly in 
animal protein foods. This conversion is dependent upon folic acid, 
with vitamins B 6- and B12-dependent enzymes playing a role as 
well. If  these factors are reduced or inactivated, elevations in 
homocysteine can result. Diets rich in dark green and yellow fruits 
and vegetables and whole grains that provide an optimal amount of 
400 mg/day of folate are adequate to produce serum folate levels of 
15 pmol/L. 

SO, IF DIET WORKS,  W H Y  THE RELUCTANCE 
TO PRESCRIBE IT? 

On the basis of these findings, a diet reduced in total and 
saturated fat, cholesterol, trans fatty acids, homocysteine, sodium, 
alcohol, and excess calories and increased in dietary fiber (espe- 
cially soluble fiber), antioxidants, folate, vitamin B6, and n-3 fatty 
acids will lower cardiovascular risk for most people. The resulting 
dietary pattern is rich in fruits and vegetables; whole grains and 
cereals; low-fat and skim dairy products; and fish, lean meats, 
and/or soy protein foods. Foods should be cooked without added 
saturated fat and, when necessary, cooked in a small amount of 
liquid vegetable oil, preferably olive, canola, or other monounsat- 
urated non-hydrogenated liquid oil. Egg yolks should be limited to 
less than two per week. 

Why is there any resistance to encouraging such dietary 
adherence? Are there overarching issues that make diet seem 
impotent as the primary intervention, regardless of how aggres- 
sively it is prescribed? Three of many factors that could inhibit 
such treatment decisions include the impressive lipid-lowering 
results of pharmacologic intervention that appear to guarantee 
success in most patients, the perception that genetics overwhelms 
any potential lipid response to diet, and the dismal results of weight 
loss efforts that appear to prevent lipid responses to qualitative 
changes in the diet. 

DIET AND/OR DRUGS: NON-ADHERENCE 
MEANS NON-RESPONSE 

The Step I and II Diets encompass the dietary factors shown to 
be helpful in improving risk status, but the challenge of achieving 
adherence may seem unreasonably daunting, thereby prompting 
the decision to skip to one of the more consistently reliable 
pharmacologic approaches instead. The NCEP has conducted four 
Cholesterol Awareness Surveys since 1983 that monitor the 

changing attitudes and behaviors of practicing physicians and the 
public over time (35). 

Progress has been made in numerous parameters, but dietary 
intervention efforts continue to fall short of the desired outcomes. 
For example, regarding the main NCEP message "Knowing Your 
Cholesterol Level," 3%, 7%, 37%, and 49% of the public surveyed 
knew their cholesterol levels in 1983, 1986, 1990, and 1995, 
respectively (35). Also, in 1986, 65% of physicians surveyed knew 
their own cholesterol levels versus 90% in 1995. Physicians 
reported initiating dietary therapy in their patients at levels of total 
cholesterol (mg/dl) above 200 in 1990 and 1995 versus levels of 
260 and 240 in 1983 and 1986, respectively. Conversely, even in 
1995, only 8% of the public surveyed reported being prescribed a 
cholesterol-lowering diet by their physicians, down from 9% in 
1990 and up only slightly from the 3% and 4% reporting such 
behavior in 1983 and 1986. Part of the reason relatively few people 
report being prescribed a diet may be due to physicians' lack of 
confidence in patient compliance. Only 1% of physicians surveyed 
estimated that "all" patients complied with diet; 17% reported 
"most," 59% reported "some," and 22% estimated that "few" 
patients complied with diet. There appear to be major discrepan- 
cies between the numbers of patients who are eligible for dietary 
intervention and those who have either been prescribed a diet or 
sought dietary counseling on their own. 

GENETIC INFLUENCES ON LIPID RESPONSE: NOT A 
DETERRENT TO DIETARY INTERVENTION 

Despite aggressive dietary treatment, there is recent evidence 
that certain genetic polymorphisms influence lipid response. 
Individuals characterized with subclass pattern Type B have small, 
dense LDL and appear to be more responsive to low-fat diets than 
those with Type A pattern (103,104). For some patients with 
elevated triglycerides and lower levels of HDL-C and without 
markedly elevated LDL-C, a very low-fat, high-carbohydrate diet 
may have an adverse effect by further reducing HDL-C (104,105). 
In such cases, replacement of SFA with MUFA may be especially 
beneficial. Obesity plays a major role in exacerbating these 
genetically-altered lipid responses, and weight loss should be 
encouraged wherever possible. It is not possible to predict what 
percent of the population may have inherited genetic traits that 
limit lipid response to diet, but it appears that qualitative adjust- 
ments to the diet may even benefit some of these patients. More 
data are needed to determine whether more precise dietary 
recommendations can be targeted to certain phenotypes that will 
more accurately predict lipid response even in these individuals. 

OBESITY: ENEMY NUMBER ONE (?) 
Independent of the qualitative objectives of dietary adherence, 

obesity both directly and indirectly plays a major causal role in 
coronary heart disease and stroke (106). It contributes to dyslipid- 
emia, diabetes, and hypertension, and its strong correlation with 
reduced physical activity further exacerbates cardiovascular dis- 
ease (107-109). The increased national prevalence of obesity, 
currently estimated at 30% among adults and children, demands 
more effective strategies for prevention and reversal of this urgent 
public health problem (110,111). 

Excess body weight has been causally linked with deleterious 
changes in the lipoprotein profile (107). As body mass index 
increases, serum total cholesterol, LDL cholesterol, and triglycer- 
ide levels rise, and the HDL cholesterol level falls. These changes 
are seen in both adults and children. Several studies document that 
the lipoprotein abnormalities are induced with weight gain and 
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reversed with weight loss, again across age groups (70,112). 
Particularly in obese children, even small amounts of weight loss 
can result in dramatic normalization in the lipid profile (112). Per 
kilogram of weight lost, estimated reductions in triglyceride and 
TC average 1.33 and 1.94 mg/dL, respectively (113). Obesity, 
therefore, has deleterious but reversible effects on the lipid profile. 

Obesity contributes to Type II diabetes, a potent risk factor for 
cardiovascular disease (108). Abnormalities in insulin secretion 
and action have been well-described with obesity (114,115). 
Weight loss alone is an effective treatment for adult onset diabetes. 
The association of obesity with insulin resistance, hypertension, 
increased serum Iriglyceride levels, and reduced HDL cholesterol 
levels is collectively known as Syndrome X and is associated with 
increased risk for cardiovascular disease (116). Even in children, 
the incidence of non-insulin dependent diabetes mellitus (NIDDM) 
associated with obesity is increasing (117), but weight reduction is 
effective therapy in this age group as well (118). 

There is also a well-established direct relationship between 
body size and blood pressure, with obesity as an important 
independent risk factor for the development of systemic hyperten- 
sion (119-121). In both adults and children, weight loss alone is 
often the only treatment needed for reducing mild hypertension, 
but adherence to weight loss regimens long-term is generally poor 
(122,123). 

PREVENTION AND TREATMENT OF OBESITY 

The overwhelming difficulty of losing weight among adults 
points to the need for primary prevention beginning early in life as 
the most strategic approach (124-126). Obesity is known to have a 
strong familial basis, with twin studies identifying both genetic and 
environmental origins (123,127). Recent reports have identified 
specific genetic loci associated with obesity, but lifestyle, environ- 
mental, and cultural factors are equally important (128). Eighty 
percent of children with two obese parents will be obese as adults 
(129). Between 60% and 80% of obese adolescents will become 
obese adults (130). As the low-risk child becomes an obese adult, 
the acquisition of excess risk in terms of higher blood pressure, 
increased LDL cholesterol, decreased HDL cholesterol, and non- 
insulin dependent diabetes mellitus is largely mediated by the 
acquisition of excess weight gain (131-133). 

A recent NIH conference on Voluntary Methods for Weight 
Loss and Control concluded that most existing adult obesity 
interventions are ineffective, with one-third to two-thirds of the 
weight loss being regained in one year and almost all weight being 
regained in five years (134). Training in calorie restriction and use 
of packaged diet foods are not effective long-term. The greatest 
success in treating obese adults has occurred with combined 
dietary fat restriction, behavioral skill development, and regular 
exercise (135,136). Other effective strategies include family- 
oriented intervention and booster sessions (124). Pharmacologic 
appetite suppressants and gene therapy may offer promising 
options in the future for some patients, but inevitably diet and 
energy balance must be addressed. 

Successful primary prevention of obesity has been reported 
among children who were initiated on a prudent diet at age three 
months and followed for three years compared to a control group 
(137). Favorable initial responses have also been reported to a 
family-based health education program incorporating behavioral 
change, diet, and exercise beginning in 2- to 4-year-olds (138). In 
older children, ages 8 to 12, combined behavioral, dietary, and 
exercise change has resulted in reduced cholesterol levels after six 
months and decreased obesity in a ten-year follow-up study 

(139,140). The "Shapedown" program has reported successful 
group intervention in 11- to 13-year-olds during a live-in camp 
experience that is generalizable to other settings as well (141). 
Cognizance of the causes of obesity, behavioral skill development, 
and social support are combined with increased physical activity to 
induce weight loss and establish weight maintenance over time. 
Behavioral, family-based treatment for obesity among those who 
have been followed for several years has yielded modest success in 
maintaining initial weight loss and/or stabilizing percent of ideal 
body weight below baseline levels (139-141). Successful long- 
term weight losers have a high degree of self-efficacy concerning 
their abilities to lose weight, further implicating parents' confi- 
dence in the efficacy of weight loss training as a potentially 
important factor in successful weight control of their children 
(142-144). Primary prevention remains the preferred strategy for 
physiological as well as emotional reasons, including early inter- 
vention in families prone to obesity regarding appropriate diet and 
exercise patterns. 

BEHAVIORAL APPROACHES TO ENHANCE 
ADHERENCE:  THEORETICAL BASIS 

It has long been recognized that knowledge alone is not 
sufficient motivation to change behavior (145). Metabolic ward 
and other controlled feeding studies have demonstrated the effi- 
cacy of dietary intervention, illustrating that fat-modified diets can 
dramatically lower blood total and LDL cholesterol levels, espe- 
cially when accompanied by weight loss in obese individuals 
(61,70). Such results are often perceived as being non-generaliz- 
able due to the presumed inability to achieve adherence among 
free-living individuals. Intervention studies have reported disap- 
pointing or at best modest lipid-lowering results, even when 
trained dietitians and/or other knowledgeable health professionals 
are involved in the intervention process (146-148). At least two 
limitations must be addressed. 

First, dietary assessment methodology is often inadequate, 
inaccurate, or non-existent in these studies. This makes it impos- 
sible to evaluate true intake and determine the extent of the inter- 
versus intraindividual variability in lipid response to diet (38,39,48). 
Because, to date, there are no standardized biomarkers for dietary 
adherence, neither acute nor long-term adherence to the diet can be 
objectively calculated, thereby leaving no option but the use of 
self-reported data. 

Recent evidence from the behavioral literature suggests that a 
second major limitation in previous studies could be the method 
used to deliver the dietary intervention. Earlier intervention studies 
typically applied a didactic, informative approach with little 
attention paid to what are now recognized as important differences 
in learning styles or levels of motivation to change behavior (149). 
New behavioral models identify psychosocial factors that influ- 
ence food choices and delineate the process of motivating changes 
in behavior (150). Several behavioral models have evolved over 
time and these are potentially additive. For example, the individu- 
al's concept of personal vulnerability was first characterized via the 
Health Belief Model (HBM) and found to be predictive of positive 
health-related behaviors (151,152). The Social Learning Theory 
(SLT) incorporates behavior modification methods that include 
cognitive, interpersonal, and environmental influences on eating 
(153). Basic components of this approach include self-monitoring 
and analysis of behavior; self-management including stimulus 
control of external cues; replacement of less desirable (i.e. high-fat 
foods) with more healthful behaviors; and reinforcement of 
desirable behaviors (145). 
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Although not originally designed to address eating behaviors, 
these models have been adapted to modern dietary intervention 
studies. Over the past ten years, research on the transtheoretical 
model and the stages of change construct have yielded valuable 
and useful data regarding how, why, and when people change 
behavior (154). With its origins in the treatment of addictions, 
great strides have been made in applying these models to changing 
eating behavior as well (155-157). 

To summarize this large and growing body of evidence, 
behavior change is achieved through a series of stages including 
precontemplation, contemplation, preparation, action, and mainte- 
nance (156). Since most previous dietary intervention studies 
applied approaches suitable for the action stage, it is not surprising 
that uniform adherence was not achieved. It is likely that some of 
these participants were overwhelmed, uncommitted, or simply 
unwilling to adapt the recommended eating pattern. Because 
dietary assessment data in these studies are often limited to a single 
day of recall or very few days of food records, the validity of these 
data is also problematic. Even if level of adherence was adequately 
captured, it may reflect an acute rather than a usual state. 
Ultimately, analyses of these data could easily produce negative 
findings regarding the impact of diet on lipids, interpreted as lack 
of efficacy, when in reality the results were due to inconsistent or 
non-adherent behavior. In other words, the diet will work only if it 
is followed. 

COMBINING BEHAVIORAL AND DIETARY CHANGE 
STRATEGIES: EMERGING EVIDENCE OF SUCCESS 

Glanz et al. (155) reported the use of stages of change in 
assessing fat and fiber intake in the Working Well Project. At that 
time (1994), their review of the literature cited only two studies 
that adapted the stages of change model regarding dietary fat 
reduction in addressing issues of healthy individuals (157,158). 
Previous diet-related, theoretically-driven research had concen- 
trated primarily on weight loss. Together, these findings further 
supported the theory that individuals can be classified into 
mutually exclusive stages of dietary change and that dietary fat 
intake decreases and fiber intake increases as stages progress 
toward action and maintenance (155,157-160). 

The dietary intervention program designed for the Women's 
Health Initiative (WHI), patterned after the Women's Health Trial 
(WriT), focused on reducing total fat to less than 20% of baseline 
energy, thereby achieving saturated fat intakes below 7% of total 
calories (161). The WriT successfully achieved long-term dietary 
adherence (161-164). The food pattern goals emphasized whole 
foods and servings of fruits, vegetables, and grains rather than 
nutrients in order to simplify the process of dietary change. A 
mixture of psychosocial and behavioral principles have been 
similarly applied in the Women's Health Initiative currently in 
progress (165). 

These principles include reinforcements and motivators, self- 
management skills, self-control skills, social support, relapse 
prevention, and training in other behavioral skills such as stress- 
management and assertiveness that have been effective in influenc- 
ing behavior change (165,166). Like the Multiple Risk Factor 
Intervention Trial (MRFIT), the Women's Health Trial, the Lipid 
Research Clinics-Coronary Primary Prevention Trial (LRC- 
CPPT), the St. Thomas Atherosclerosis Regression Study, the 
Stanford Coronary Risk Intervention Project (SCRIP), and other 
dietary intervention trials, WHI involves a series of group interven- 
tion sessions to achieve the desired behavior changes (16- 
18,165,167,168). Such studies combine the cognitive knowledge 

and behavioral skills needed to achieve dietary change. Problem- 
solving in a group setting exposes individuals to both the questions 
and answers others have experienced with various degrees of 
success. In the WriT, women reduced total fat intake from a range 
of 36% to 38% of total calories to 21% to 24%, with declines of 15 
to 22 mg/dL in total cholesterol after six months of intervention 
(162,164). 

In clinical settings, achieving dietary adherence has not 
always proven successful, but some studies have yielded favorable 
results, especially when strategies involving the tailored interven- 
tion approach have been applied (169). Despite a lack of formal 
nutrition training, physicians and nurses were effective in increas- 
ing patient knowledge and motivation for changing dietary fat 
intake in less time than registered dietitians, but compliance and 
long-term lipid control was enhanced by more frequent dietary 
consultations (170). Similar strategies have been successfully 
applied to physician-based counseling for increasing physical 
activity among previously sedentary patients using the stage of 
change assessment and adding booster phone calls from health 
educators (171). Because of their comprehensive nutrition knowl- 
edge and clinical counseling skills, registered dietitians can be 
effective in training physicians, nurses, or other health profession- 
als to initiate routine dietary intervention efforts. Referral to 
dietitians could thus be reserved for patients with competing 
nutrient needs, adherence problems, and/or those who require 
more practical dietary guidance. 

In a study of over 558 adults recruited from family practices 
who were assessed for stage of change and dietary intake, those 
who received tailored computer-generated intervention messages 
with feedback regarding current diet assessment reported signifi- 
cantly reduced fat intake compared to the control group (172). The 
authors further reported that the stage of change framework could 
be applied to developing the most appropriate intervention mes- 
sages and these were ultimately associated with decreased fat 
intake. 

Conversely, in a randomized study among over 40 physician 
practices testing the feasibility of the NCEP guidelines, the overall 
impact of nutrition intervention delivered via the physician prac- 
tices was less than clinically desired (147). The authors concluded 
that the delivery system for nutrition therapy was inadequate and 
more aggressive approaches utilizing behavioral techniques were 
recommended. In general, there is a relative paucity of diet-related 
behavioral data reporting successful approaches to changing eating 
patterns in adults. Didactic, cognitive intervention is the norm in 
many clinical practices, but this may be ineffective in most 
patients. 

PREVENTION STRATEGIES FOR CHILDREN 
In 1990, the National Cholesterol Education Program's Expert 

Panel on Blood Cholesterol Levels in Children and Adolescents 
established guidelines for screening, prevention, and treatment of 
high blood cholesterol in children (173). On the basis of existing 
evidence from laboratory, clinical, pathological, and epidemiologi- 
cal studies demonstrating that atherosclerosis begins in childhood, 
dietary intervention strategies were recommended (173). Growing 
evidence has provided further rationale for encouraging a lipid- 
lowering diet in children over the age of two (174). 

The NCEP recommended a two-pronged strategy that com- 
bines a population approach for all American children over the age 
of two and an individualized approach for those children and 
adolescents who are at the greatest risk for developing high blood 
cholesterol and subsequent cardiovascular disease. One example of 
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an applied population-based dietary intervention focused on mak- 
ing changes in the school lunch program to better meet the criteria 
for heart-healthy eating. The Child and Adolescent Trial on 
Cardiovascular Health (CATCH) was tested in 96 schools (175- 
177). Initial analyses demonstrated reduced intakes of total fat, 
saturated fat, cholesterol, and sodium in these third-grade students 
with normal lipid levels (178). Differences in cholesterol reduction 
between groups were not statistically significant, but dose response 
of family intervention was favorable toward acquisition of positive 
knowledge and attitudes toward health habit changes (179). 
CATCH also demonstrated that by modifying even one meal, 
overall adherence to the Step I Diet would be achieved in these 
free-living children. CATCH further demonstrated that coopera- 
tion between school food service workers, educators, and parents 
can lay the foundation for future reduced fat intake (178). 

Other school-based studies have involved campaigns to 
switch from whole milk to low-fat or skim milk in order to reduce 
intake of a major source of saturated fat and cholesterol in 
children's diets. Such a change requires relatively little nutrition 
intervention if the concept is marketed in a fun and entertaining 
way, but can significantly reduce total and saturated fat intake 
without compromising overall nutrient intake in this age group. 
One study involved a live, costumed character named Low-Fat 
Lucy the cow, who promoted drinking skim milk among the school 
children (180). Such simple but targeted efforts can achieve overall 
adherence to the total fat and saturated fat objectives. 

When the individualized approach is required for high-risk 
children, once again, therapy begins with the Step I Diet. If 
adherence to this diet for at least three months does not achieve 
adequate lowering of blood cholesterol, the Step II Diet is 
prescribed. Saturated fat intake is reduced to less than 7% of total 
calories and cholesterol intake to less than 200 mg/day. Are such 
diets safe and effective in growing children? 

The Dietary Intervention Study in Children (DISC) randomly 
assigned 663 preadolescent children with elevated LDL-C to either 
the intervention or usual care group. After three years of interven- 
tion with a diet that was 28% of total calories from total fat and less 
than 8% of calories from saturated fat, a diet similar to the NCEP 
Step II Diet, LDL cholesterol levels decreased 3.3 mg/dL (p = 0.02) 
more than children in the usual care group, without compromising 
growth and development (181). Dietitians, behaviorists, and health 
educators provided intensive dietary intervention to both partici- 
pants and their parents in the intervention group. Dietary adher- 
ence and nutrient adequacy were carefully monitored to prevent 
adverse affects. Concerns about inappropriate implementation of 
the low-fat diet and inadequate nutrient intake among children are 
potentially more warranted in medical settings where dietitian 
input and follow-up are lacking. 

Another example of the individualized approach is the 
Children's Health Project. This study was clinically-based, involv- 
ing preadolescent children aged 4-10 years with elevated baseline 
LDL cholesterol. Children randomly assigned to a Parent-Child 
Auto-Tutorial (PCAT) method of intervention received nutrition 
education via a tape-recorded storybook and accompanying work- 
book. These children also successfully reduced LDL cholesterol 
levels without compromising growth (182,183). 

Such studies demonstrate the efficacy and safety of the Step I 
or Step II Diets in growing children, but caution must be used in 
applying these strategies clinically. Key factors include trained, 
qualified dietitians and health educators who monitored both 
adherence and nutrient adequacy (184). Well-meaning but un- 
trained parents may unintentionally deny their children the energy, 

Dairy products 9.4% ~ eat, poultry, fish 17.4% 

/ \ I ~.Fruits3.1% 
Grain products 23.3%[ ~ r V e g e t a b l e s  4.6% 

Fats, oils" 19.0%' ~ .  Sugars, sweeteners 179%. 

Feed energy 

NOTE: The "other foods" category includes legumes, nuts, 
and soy (2.8%); eggs (1.3%}., and miscellaneous foods 
(1 .a%). 
Data from U . S .  Department of Agriculture. Nutrient Content of the 
U.S. Food Supply, 1990 (Gerrlor SA, Zizza C. 1994. Nutrient Content 
of the U.S. Food Supply, 1909-1990. Home Economics Research Report 
No.52. U.S. Department of Agriculture, Washington, DC) 186 

FIGURE 2: Food energy. 

protein, or other essential nutrients they need for growth due to 
overly-zealous emphasis on fat restriction or other misleading 
messages from the popular press or elsewhere. Excessive use of 
abundantly available fat-modified or fat-free products without 
including all food groups can lead to nutrient deficiencies and/or 
obesity if calories and serving sizes are not addressed. Parents need 
help translating dietary information and recommendations into 
behaviors they can use routinely, safely, and effectively at home. 

POPULATION-WIDE DIETARY ADHERENCE: 
ROOM FOR IMPROVEMENT 

If the population met the Step I dietary guidelines, presumably 
the estimated impact on total cholesterol lowering would be 
between 3-10%. Using the extrapolation cited earlier (i.e. for 
every 1% lipid reduction, there is 2-3% reduction in coronary 
mortality), this could mean between 1.6 to 5.2 million lives saved 
from cardiovascular mortality alone. Because the Step I Diet has 
similarly been recommended for prevention of cancer and other 
chronic diseases, untold additional benefits could be achieved in 
reduced overall morbidity and mortality (185). 

Figure 2 illustrates the sources of energy intake by food 
groups (186). In 1990, animal products contributed at least 28% of 
total calories. Vegetables, fruits and legumes, nuts, and soy 
together contributed approximately 10.5% of total calories. Sugars 
and sweeteners contributed almost twice that amount. Fats and oils 
provided 19% of calories, second only to grains in order of 
magnitude. Despite encouraging reductions in total and saturated 
fat intake, the population's dietary pattern is high in fat, sugar, and 
sodium-rich foods. Table 3 further illustrates that less than a fourth 
of our population consumes the recommended five or more 
servings per day of fruits and vegetables with greater intake 
occurring among women than men. Older people consume more of 
these foods than younger people. Despite the growing consumer 
awareness about nutrition and health, only a small proportion of 
the population appears to be applying the principles to their dietary 
patterns. 

Part of this problem may be due to a perceived lack of 
credibility of nutrition advice. The print and broadcast media and 
food labels were identified as the most often cited sources of 
nutrition information in 1987-1988 (Figure 3) (187). Doctors, 
nurses, relatives, and friends were cited next often, despite the 
limited or absent nutrition education required in most American 
medical schools or any other schools--a fact that goes unrecog- 
nized by most consumers (188). 
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TABLE 3 
Percent Distribution of Daily Servings of Fruits and Vegetables Con- 

sumed by People 18 Years of Age and Older, by Age and Sex, 1991 

Demographic 0-<2.5 Servings 2.5-<5 Servings ->5 Servings 
Group N 1 " % Consuming (SE) ~" 

Men 1,145 37.0 (1.7) 45.1 (1.8) 17.9 (1.3) 
18-39 years 715 40.6 (2.2) 41.1 (2.2) 18.2 (1.7) 
40--59 years 281 34.4 (3.3) 49.2 (3.5) 16.4 (2.5) 
60+ years 144 29.3 (4.4) 51.4 (4.7) 19.3 (3.7) 

Women 1,666 24.6 (1.3) 48.3 (1.5) 27.1 (1.3) 
18-39 years 878 32.9 (2.0) 44.4 (2.1) 22.7 (1.7) 
40-59 years 453 22.4 (2.3) 49.4 (2.8) 28.2 (2.5) 
60+ years 303 11.8 (2.2) 54.3 (3.4) 33.8 (3.2) 

INs by age group do not equal total N by gender because of missing 
data. 

NOTE: See Table Notes in Appendix V Section B. 
SOURCE: HHS, Baseline Survey of the 5 A Day for Better Health 

Program, 1991. 

Taken collectively, these data illustrate a general lack of 
science-based nutrition knowledge among most health care provid- 
ers, resulting in absent or ineffective dietary counseling among 
patients. Improved delivery of nutrition education and better 
utilization of existing nutrient information could have highly 
favorable public health impact. Since physicians and nurses are on 
the front-line of patient care and preventive efforts, their endorse- 
ment of recommended dietary principles and referral for complex 
dietary intervention are pivotal to achieving improved adherence. 

PRACTICAL STEPS TOWARD ACHIEVING 
DIETARY ADHERENCE 

In a review of thirty studies reporting changes in fat intake, 
Barnard et al. (189) summarized the factors that were commonly 
associated with increased adherence. 

Factors Related to Improved Dietary Compliance 
Stricter Limits on Fat Intake: The lower the limit, the closer 

the mean level of adherence. 

Frequent Monitoring: At least monthly monitoring is recom- 
mended. 

Vegetarian Diets: Use of a vegetarian diet more often 
achieved recommended fat intake below 30% kcal than non- 
vegetarian approaches. 

Initial Residential Component: Provides intensive training, 
monitoring, provision of food, and group support on the short- 
term, resulting in better adherence on self-selected diets long-term. 

Family Involvement: Family involvement yields better adher- 
ence. 

Group Support: Group support is not mandatory, but can be 
helpful. 

Providing Food: Entire meals are not required, but some 
provision of acceptable products is important. 

Symptomatic Patients: These patients are apparently more 
motivated with healthy, high-risk patients similarly motivated. 

Care must be taken in interpreting these findings, since this 
was not a formal meta-analysis and rigorous statistical principles 
were not applied. Also, these findings were derived from research 
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studies, and incentives to participate may have been far different 
than those observed in the clinical or community settings. Despite 
these limitations, these strategies offer potentially relevant strate- 
gies for effectively implementing dietary changes. 

Relevant sources of total and saturated fat and cholesterol 
should be identified before attempting to prescribe a new dietary 
pattern for any patient. Both the MRFIT and WriT studies reported 
that meats, fats and oils, dairy, and baked goods contributed more 
total and saturated fat to the diets of adults than any other food 
groups (165,168). Fortunately, there are now many acceptable 
alternatives to these high-fat foods. Substitution of lower-fat or 
fat-free versions for the high-fat foods (i.e. skim milk for whole 
milk, fat-free salad dressing for full-fat salad dressing) and adding 
more servings of fruits, vegetables, and grains to compensate for 
fewer servings of high-fat meats, dairy, and baked goods are 
essential components. The food industry has aggressively re- 
sponded to the request for lower-fat or no-fat products. The greater 
challenge is achieving the desired shift to greater intake of 
complex carbohydrate foods. 

Changing Dietary Behavior, One Patient at a Time 
On the basis of these behavioral principles and accumulated 

knowledge about diet and risk reduction, the following suggestions 
can help promote successful dietary adherence. 

Start with Dietary Assessment Then Individualize Dietary 
Intervention: Assessing baseline intake is the only way to identify 
the foods that are contributing the most saturated fat and choles- 
terol to a patient's diet. In adults, this is often meats, fats, and 
sweets. In children, it is often whole milk dairy products. In 
children who consume the recommended four servings of dairy 
foods per day, it may be possible to achieve adherence to the Step I 
Diet (--<10% SFA) simply by switching to skim milk and low-fat 
dairy products at school and at home. 

Provide Clear, Identifiable Goals for Each Individual: For 
example, the current food labels make it possible to establish a 
fixed "Fat Gram Goal" rather than the less precise recommenda- 
tions to eat less than 30% of calories from total fat. This provides 
each person with an objective target that can be self-monitored. 
Similarly, establishing the goal number of servings of fruits, 
vegetables, and grains can further assist the individual to achieve 
increased fiber, folate, and antioxidant intake. 

Assess Current Stage of Change: Assess current stage of 
change and determine the individual's level of confidence in 
achieving a self-determined adherence goal. Reassess the status at 
each subsequent visit. 

Encourage Self-Monitoring: Encourage self-monitoring 
through use of food records and/or other simplified fat/fiber 
goal-counting records. Likewise encourage non-food self-rewards 
when goals are met. 

Promote the Benefit of Adopting Other Health-Oriented 
Behaviors: Other health-oriented behaviors include exercise, relax- 
ation techniques, stress reduction, etc. 

Prevent Relapse: Prevent relapse through ongoing follow-up, 
reassessment, and establishing new goals as needed. 

Patients who are referred to registered dietitians or other 
trained nutrition counselors may require relatively few follow-up 
sessions. Comprehensive feedback on dietary adherence can be 
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FIGURE 3: Percentage of households that reported using specific sources of nutrition information, 1987-1988�9 

provided to the referring physician for consideration in determin- 
ing future treatment plans. 

FUTURE DIRECTIONS 

Because diet has both biological and behavioral significance, 
individualized dietary therapy may call for alternate approaches to 
the population-based Step I-II  Diet recommendations in certain 
cases. For example, while the normal weight patient with elevated 
LDL cholesterol and normal triglycerides may respond favorably 
(physiologically) to low saturated fat and high complex carbohy- 
drate intake, the obese patient with elevated triglycerides and low 
levels of HDL-C may benefit from a more specified substitution of 
monounsaturated and omega-three fatty acids for saturated fat 
intake. While generally recommended for everyone, exercise may 
also be particularly useful in the obese patient and should be 
aggressively pursued. As research identifies more dietary and 
non-dietary factors that induce effective lipid modifications, there 
is improved opportunity to match a specific diet to specific 
conditions. Genetic influences that render a patient non-diet 
responsive should be factored into the appropriate treatment, either 
pharmacologic or dietary. Hormonal differences between men and 
women may also influence lipid-lipoprotein responses, but these 
have yet to be delineated. Psychosocial correlates identified as 
predisposing factors (i.e. beliefs, perceived benefits, and motiva- 
tion) were highly correlated with healthful dietary intake in 
cross-sectional baseline data from 16,287 respondents in a work- 
site trial intervention (190). These data offer further clues to more 
targeted intervention efforts. 

Convincing health professionals and patients that diet works 
is a prerequisite to achieving the recommended dietary patterns. 
The evidence reviewed here and elsewhere contributes to that 
premise, but without motivation to adhere, diet is ineffective. 

Motivating adult patients to change remains a challenge requiring 
the combined efforts of nutritional, behavioral, and medical 
expertise. Finally, primary prevention efforts through establish- 
ment of healthy eating patterns beginning in childhood offer the 
ideal public health strategy to foster lifelong weight control and 
reduced overall cardiovascular risk. 
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