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Diet and Its Relation to Coronary Heart Disease
and Death in Three Populations

TAVIA GORDON, ABRAHAM KAGAN, M.D., MARIO GARCIA-PALMIERI, M.D.,
WILLIAM B. KANNEL, M.D., WILLIAM J. ZUKEL, M.D., JEANNE TILLOTSON, M.A.,

PAUL SORLIE, M.S., AND MARTHANA HJORTLAND, PH.D.

SUMMARY Baseline 24-hour dietary recalls from 16,349 men ages 45-64 years who had no evidence of
coronary heart disease (CHD) were obtained in three prospective studies: the Framingham Study (859 men),
the Honolulu Heart Study (7272 men) and the Puerto Rico Heart Health Program (8218 men). These men
were followed for up to 6 years for the first appearance of CHD or death. Men who had a greater caloric in-
take or a greater caloric intake per kilogram of body weight were less likely to develop CHD manifest as myo-
cardial infarction (MI) or CHD death, even though men of greater weight were more likely to develop CHD.
This may reflect the benefit of greater physical activity. Men who consumed more alcohol were less likely to
develop CHD, but more likely to die of causes other than CHD, particularly in the Honolulu study. In the
Honolulu and Puerto Rico studies, but not in the Framingham study, men who consumed more starch were less
likely to develop MI or CHD death. There was an inverse relation between starch intake and serum
cholesterol, but it was too weak to explain fully the inverse starch-CHD association. There was also no
evidence that the inverse relation between starch intake and incidence of CHD in the Honolulu and Puerto
Rico studies was an indirect result of differences in fat intake. While the findings suggest additional areas for
research, none of them would lead to an alteration of currently recommended preventive diets that emphasize
lowering fat intake, because in isocaloric diets the logical way to balance a decreased fat intake is to increase
the consumption of foods containing starch.

TWO MECHANISMS by which diet may impinge
on coronary heart disease (CHD) are frequently post-
ulated - obesity and serum cholesterol. Dietary al-
terations can alter both body weight and serum
cholesterol levels. Therefore, it is reasonable to sug-
gest reducing the risk of CHD by means of a diet that
reduces obesity and elevated serum cholesterol. This
still leaves moot the importance of dietary factors,
either through the specified mechanisms or through
others, in accounting for the different levels of CHD
risk actually observed between or within populations.

Methods

In 1965, a 24-hour dietary recall was incorporated
in the standardized examinations given men in three
different prospective cardiovascular studies supported
by the National Heart, Lung, and Blood Institute: the
Framingham Study, the Honolulu Heart Study and
the Puerto Rico Heart Health Program.
The population studied in the Puerto Rico Heart

Health Program' consisted of men born between 1900
and 1919 who lived in three urban and four rural dis-
tricts in and around San Juan. In the 45-64-year age
group, 8218 men were free of CHD and had complete
24-hour dietary recall interviews at the time of their
initial examination, which took place in 1965-1968.
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The follow-up considered in this report is to the time
of the third examination, which was just short of 6
years after the dietary recall interview.
The Honolulu Heart Study2 began about the same

time as the Puerto Rico study. All men of Japanese
ancestry born between 1900 and 1919 and listed on the
Honolulu Selective Service rolls for World War II and
still resident on the isalnd were sought. Some 7272 of
these men ages 45-64 years and free of CHD received
their initial examination between 1965 and 1968, at
which time the 24-hour dietary recall was obtained by
dieticians of Japanese descent who were familiar with
the diets of the Japanese-American participants. The
follow-up considered here is to the third examination,
about 6 years after the initial examination.
The Framingham Study, which served as a model

for the Honolulu and Puerto Rico studies, began in
1948 with the examination of a sample of 5209 adults
ages 30-62 years living in Framingham, Massachu-
setts.3 Early in the study, dietary intake was evalu-
ated using a modification of the Burke interview;4 for
purposes of comparison with the Puerto Rico and
Honolulu studies, a 24-hour diet recall similar to that
used in Puerto Rico and Honolulu was obtained dur-
ing the years 1966-1969 for 859 men then ages 45-64
years and still enrolled in the study. No men who had
evidence ofCHD were given the 24-hour dietary recall
at that time. Data on men in the Puerto Rico and
Honolulu studies who had CHD at the time of the in-
terview and on men outside the age range of 45-64
years were omitted from this report. Persons with
other illnesses, however, were not excluded. Only 4
years of follow-up after the 24-hour dietary recall were
available for the Framingham Study. (Six-year data
recently analyzed yield the same conclusions.) All
studies included routine reexaminations at regular in-
tervals. Systematic hospital admission surveillance for

500
 at University of Washington on August 7, 2013http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


DIET, CHD AND DEATH/Gordon et al.

extra-clinic CHD morbidity was also maintained in
each study. Mortality follow-up was virtually com-
plete.

Each study was designed according to special re-

search interests, but comparable data collection sys-

tems were sought. The methods used to obtain die-
tary recalls, train interviewers, and assure quality
control have been published for the Puerto Rico and
Honolulu studies."' Food models and standard-sized
serving utensils were used to obtain a quantitative as-
sessment from the participants during dietary recall.
Intake of calories and nutrients was calculated using
United States Department of Agriculture (USDA)
Handbook #8 food composition tables or other more
direct sources of nutrient analysis for foods special to
each area. This method has been used in other large-
scale dietary studies conducted in the United States in
recent years by the USDA and the Health and Nutri-
tion Examination Survey of the National Center for,
Health Statistics.
The electrocardiographic criteria and interpre-

tation of myocardial infarction (MI) were similar in
the Framingham and Honolulu studies, but were
generally more conservative in the Puerto Rico study.
Although uniform criteria for diagnosing angina pec-
toris were applied in each study, no effort was made to
standardize this diagnosis across the three studies. The
criteria for coronary insufficiency, a diagnosis that ac-
counted for a small proportion of the CHD cases,
were also different in the three studies. Moreover,
different medical care systems in each of these areas

would likely lead to different ascertainment of extra-
clinic evidence of CHD. In this report, we did not
attempt to induce strict comparability of the CHD
data. Such an effort was made in a previous report,
which showed that incidence of MI or death from
CHD in the Puerto Rico and Honolulu study popula-
tions was one-half that found in Framingham, even

after allowances were made for differences in the
levels of the major risk factors.7 Criteria for CHD
have been published for each of the studies, along with
descriptions of the study protocol.8-10 Relative weight
was expressed as a percentage of standard weight by
height using tables published by the Metropolitan Life
Insurance Company," with suitable modifications for
body build in the Honolulu Japanese.
The relation of nutrient intake to CHD and death

was tested by two methods. The first was used for the
initial screening of the data. The mean level of the
specified nutrient at baseline (before the development
of the event) was calculated for those who developed
the event of interest and those who did not, and the
difference between the means was tested as a normal
variable. In tables 2-4, 9-11 and 16-18, the means are

age-standardized by the direct method to adjust for
the difference in age distribution between events and
nonevents.
The second method used was logistic regression, in

which the probability of the event is expressed in the
form

(1 + e-(a +1bjxj))-1

TABLE 1. Age-adjusted Means and Standard Deviatims of Specified Variables in
Free of Coronary Heart Disease (Framingham, Puerto Rico and Honolulu)

Men Ages 45-64 Years

Mean - SD
Framingham Puerto Rico Honolulu

Variable (n = 859) (n = 8218) (n = 7272)
Total calories 2643 - 700 2372 851 2286 * 711
Total protein (g) 101 34 85 34 94 - 35

Total fat (g) 115 40 94 43 86 38

SFA (g) 44 18 35 17 32 16
MFA (g) 47 17 37 18 33 15
PFA (g) 16 8 14 12 15 10

Total carbohydrate (g) 253 87 278 106 262 96

Sugar (g) 73 49 52 39 46 36

Starch (g) 118 49 179 86 165 72
Other carbohydrate (g) 61 33 48 34 52 36

Cholesterol (mg) 528 279 414 314 549 315

Alcohol (g) 25 35 11 34 13 30

P/S ratio 0.38 0.23 0.45 0.41 0.54 0.43

Relative weight (%) 123 17 112 18 113 15

Weight (Ibs) 176 26 151 28 139 21

Calories/kg 34 10 35 13 37 12

Based on 24-hour recall. Means for 5-year age groups were averaged to give age-adjusted means and standard
deviations. Except for cholesterol intake in Honolulu, all mean levels in Honolulu and Puerto Rico differ from
those in Framingham at a level of p < 0.01.

Abbreviations: SFA = saturated fatty acids; MFA = monounsaturated fatty acids; PFA = polyun-
saturated fatty acids; P/S ratio = the ratio of PFA to SFA.
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where the xi are the independent variables of interest
and the b, are the estimated regression coefficients."
The larger the standardized value (in absolute terms)
of the bi, the stronger the apparent relation. The
regression coefficient divided by its standard error is
treated as a normal variable. Regression analyses are
presented only for nutrients that, on the basis of the
mean difference between events and nonevents, ap-
peared to be associated with the occurrence of an

event. Their primary purposes were to estimate gradi-
ents of risk (which mean differences cannot do) and to
determine whether the mean differences obtained by
univariate analysis could be accounted for by other
known risk factors, such as serum cholesterol levels,
blood pressure and cigarette smoking.

Finally, partial correlation coefficients were calcu-
lated between nutrient intake and blood pressure, con-
trolling for age. These coefficients were tested as if
based on multivariate normal variables.

Results

In table 1 the means and standard deviations are

given for several key nutrients in the diets of these
three populations, excluding men who had prior CHD.
The diets of the Puerto Rico and Honolulu study pop-
ulations are distinctly different from those of the
Framingham study population. On the average,
Framingham men consumed more protein, more sat-
urated and monounsaturated fat, more sugar and
more alcohol than Honolulu and Puerto Rico men.
On the other hand, Framingham men consumed about
the same amount of polyunsaturated fats, on the av-
erage, and substantially less starch than Honolulu and
Puerto Rico men. As a consequence, the average
Framingham diet has a lower ratio of polyunsatu-
rated to saturated fats (P/S ratio) and of complex to
simple carbohydrates than the diets in Honolulu and
Puerto Rico. The total caloric intake is higher in

Framingham men, accounting, in part, for their great-
er weight, both absolute and relative.

Coronary Heart Disease

In tables 2-4, all nutrients are examined for
evidence of statistically significant associations with

TABLE 2. Age-adjusted Means of Specified Variables in Men Ages 45-64 Years Free of Coronary Heart Disease
According to Subsequent Coronary Heart Disease Experience (Framingham)

CHD status at end of follow-up
Developed CHD

No CHlI) Total MI or CHD death Other
Variable (n = 780) (n = 79) (n = 51) (n = 28)

Mean intake including nutrients from alcoholic beverages
Total calories 2622 2488 2369* 2651

Total protein (g) 101 99 96 103

Total fat (g) 114 112 106 119
SFA (g) 44 43 39 47
MFA (g) 46 45 43 48
PFA (g) 16 16 16 16
Total carbohydrate (g) 252 248 238 262

Sugar (g) 72 78 70 89
Starch (g) 117 118 120 114

Other carbohydrate (g) 61 a2* 48t 59
Cholesterol (mg) 529 534 497 594
Alcohol (g) 25 121 lot 16
P/S ratio 0.39 0.41 0.43 0.38
Relative weight (%) 122 124 123 128
Weight (lbs) 174 178 176 182
Calories/kg 34 31 30* 33

Mean intake excluding nutrients from alcoholic beverages
Total calories 2389 2389 2293 2513
Total carbohydrate (g) 240 245 236 257
Other carbohydrate (g) 50 48 46 53

*p < 0.05 vs no CHD.
tp < 0.01 vs no CHD.
Abbreviations: SFA = saturated fatty acids; MFA = monounsaturated fatty acids; PFA = polyun-

saturated fatty acids; P/S ratio = ratio of PFA to SFA; CHD = coronary heart disease; MI = myocardial
infarction.
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TABLE 3. Age-adjusted Means of Specified Variables in Men Ages 45-64 Years Free of Coronary Heart Disease
According to Subsequent Coronary Heart Disease Experience (Puerto Rico)

CHD status at end of follow-up
Developed CHD

No CHD Total MI or CHD death Other
Variable (n = 7932) (n = 286) (n = 163) (n = 123)

Mean intake including nutrients from alcoholic beverages

Total calories 2395 2289* 2223* 2350

Total protein (g) 86 85 82 88

Total fat (g) 95 94 92 96

SFA (g) 36 35 33 36
MFA (g) 37 36 36 37
PFA (g) 14 15 15 14

Total carbohydrate (g) 280 262t 252t 272

Sugar (g) 52 50 48 52

Starch (g) 180 167* 160t 175

Other carbohydrate (g) 48 45 44 46

Cholesterol (mg) 417 419 431 399

Alcohol (g) 12 8 9 8

P/S ratio 0.45 0.49 0.52* 0.46

Relative weight (%) 112 116* 116* 115

Weight (lbs) 151 156* 157* 155

Calories/kg 36 33t 32t 34

Mean intake excluding nutrients from alcoholic beverages

Total calories 2300 2221 2150* 2289

Total carbohydrate (g) 277 260t 250t 270

Other carbohydrate (g) 45 43 42 44

*p < 0.05 vs no CHD.
tp < 0.01 vs no CHD.
Abbreviations: CHD = coronary heart disease; SFA

fatty acids; PFA = polyunsaturated fatty acids; P/S
infarction.

CHD. The average nutrient intakes are given for those
men who did and those who did not develop CHD in
the 4-6 years after the dietary recall was taken. For
this comparison, CHD is further divided into CHD
manifest by MI or CHD death and other forms of
CHD (chiefly angina pectoris).

In all three studies, intake of total calories, alcohol
and "other carbohydrates" (monosaccharides and di-
saccharides other than refined sucrose, such as those
present in dairy products, fruits, vegetables, beer and
wine) was lower in men who subsequently developed
CHD, particularly MI or CHD death, than in those
remaining free of the disease. In all three studies there
was a higher P/S ratio in those men developing CHD,
particularly MI or CHD death, but this was statisti-
cally significant only in the Puerto Rico study. No
consistent or statistically significant association of cal-
culated cholesterol intake with CHD was observed.
To determnine whether the findings for total caloric

intake and carbohydrates might be due to the con-

sumption of alcoholic beverages, caloric and carbo-
hydrate intakes were recomputed eliminating the con-

= saturated fatty acids; MFA = monounsaturated
ratio = ratio of PFA to SFA; MI = myocardial

tribution from alcoholic beverages. When this was
done with the Framingham data, the intake of total
calories, total carbohydrates and "other carbo-
hydrates" was nearly the same in those who did and
those who did not subsequently develop CHD.

In the Puerto Rico study, men who had an MI or
died of CHD, but not men with other forms of CHD,
had a significantly lower intake of calories and carbo-
hydrates than men who remained free of CHD during
follow-up, even after the contribution of alcoholic
beverages was removed. The lower intake of calories
in the Puerto Rico study was primarily the result of a
significantly lower intake of carbohydrates, but the in-
take of most nutrients was lower in those who had an
MI or died of CHD. The lower intake of carbo-
hydrates was statistically significant only for starch,
but there was also a lower intake of sugar and of
"other carbohydrates" in men who developed CHD.

In the Honolulu study, as well, there was a lower in-
take of total calories and total carbohydrate in men
who had an MI or died of CHD than in men who did
not develop CHD, even after the caloric contribution
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TABLE 4. Age-adjusted Means of Specified Variables in Men Ages 45-64 Years Free of Coronary Heart Disease
According to Subsequent Coronary Heart Disease Experienc (Honolulu)

CHD status at end of follow-up
Developed CHD

No CHD Total MI or CHD death Other
Variable (n= 7008) (n = 264) (n= 164) (n = 100)

Mean intake including nutrients from alcoholic beverages
Total calories 2319 2210t 2149t 2311

Total protein (g) 95 95 93 97

Total fat (g) 87 86 86 87

SFA (g) 32 32 31 31
MFA (g) 33 33 32 32
PFA (g) 16 16 16 17

Total carbohydrate (g) 264 249t 242t 260

Sugar (g) 46 45 46 44

Starch (g) 165 155* 151t 161

Other carbohydrate (g) 52 48 45* 55

Cholesterol (mg) 555 549 530 583

Alcohol (g) 14 8t 5t 14

P/S ratio 0.54 0.57 0.56 0.60

Relative weight (%) 113 117* 118* 116

Weight (lbs) 140 145* 146* 144*

Calories/kg 37 34t 33t 36

Mean intake excluding nutrients from alcoholic beverages
Total calories 2183 2126 2098 2178
Total carbohydrate (g) 255 243 238* 238
Other carbohydrate (g) 43 43 41 46

*p <0.05 vs no CHD.
tp < 0.01 vs no CHD.
Abbreviations: CHD = coronary heart disease; SFA = saturated fatty acids; MFA monounsaturated

fatty acids; PFA = polyunsaturated fatty acids; P/S ratio = ratio of PFA to SFA; MI = myocardial
infarction.

of alcoholic beverages was removed. The lower intake
of total calories and total carbohydrates was almost
entirely accounted for by a lower starch intake.
The incidence of MI or CHD death by level of in-

take of calories, starch and alcohol is given in tables
5-7. Despite considerable irregularity, the trends were

consistent with the mean differences shown in tables
2-4. When these trends were tested by means of uni-
variate logistic regression analysis (table 8), the con-
clusions with respect to statistical significance coin-
cide with the conclusions drawn from the mean
differences. Multivariate regression that includes

TABLF 5. Incidence of Myocardial Infarction or Coronary Heart Disease Death by Level of Daily Caloric Intake in Men Ages 45-64
Years (Framingham, Puerto Rico and Honolulu)

Framinghamn Puerto Rico Honolulu
Daily caloric Cases Population Rate/ Cases Population Rate/ Cases Population Rate/

intake (n) (n) 1000 (n) (n) 1000 (n) (n) 1000

Less than 2000 14 160 87.5 65 2813 23.1 68 2556 26.6
2000-2499 14 237 59.1 49 2086 23.5 53 2056 25.8
2500-2999 17 246 69.1 23 1625 14.2 25 1458 17.1
3000-3499 5 123 40.7 15 922 16.3 13 725 17.9

3500 or more 1 93 10.8 11 799 13.8 4 460 8.7

Total 51 859 59.3 163 8245 19.8 163 7255 22.5

Follow-up was 4 years for Framingham and 6 years for Puerto Rico and Honolulu.
All these univariate trends were statistically significant at p < 0.05 or less.
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TABLE 6. Incidence of Myocardial Infarction and Coronary Heart Disease Death by Level of Starch Intake in Men Ages 45-64
Years (Framingham, Puerto Rico and Honolulu)

Framingham_ Puerto Rico Honolulu
Daily starch Cases Population Rate/ Cases Population Rate/ Cases Population Rate/
intake (g) (n) (n) 1000 (n) (n) 1000 (n) (n) 1000

Less than 100 22 323 68.1 33 1454 22.7 40 1254 31.9
100-149 15 347 43.2 53 1951 27.2 50 2070 24.2

150-199 12 142 84.5 28 1879 14.9 36 1863 19.3

200-249 2 36 55.5 26 1448 18.0 15 1185 12.7

250-299 0 8 16 777 20.6 19 566 33.6

300 or more 0 3 7 736 9.5 3 317 9.5

Total 51 859 59.4 163 8245 19.8 163 7255 22.5

Follow-up was 4 years for Framingham and 6 years for Puerto Rico and Honolulu. There was no discernible trend in the Fra-
mingham data. The other univariate trends were statistically significant at p < 0.05 or less.

TABLE 7. Incidence of Myocardial Infarction or Coronary Heart Disease Death by Level of Alcohol Intake in Men Ages 45-64
Years (Framingham, Puerto Rico and Honolulu)

Framingham Puerto Rico Honolulu
Daily alcohol Cases Population Rate! Cases Population Rate/ Cases Population Rate/
intake (g) (n) (n) 1000 (n) (n) 1000 (n) (n) 1000

None 36 393 91.6 135 6270 21.5 132 5149 25.8
1-14 3 67 44.8 5 454 11.0 14 562 24.9

15-39 8 203 39.4 11 815 13.5 10 585 17.1
40 or more 4 196 20.4 12 706 17.0 7 976 7.2

Total 51 859 59.3 163 8245 19.8 163 7255 22.5

Follow-up was 4 years for Framingham and 6 years for Puerto Rico and Honolulu. These univariate trends were significant
at p < 0.05 or less for Framingham and Honolulu.

known CHD risk factors modifies only slightly the
conclusions derived from univariate regression about
the relation of alcohol and starch to MI or CHD
death. Because total calories are correlated with both
alcohol (0.3) and starch intake (0.6-0.7), multivariate
regression substantially reduced the strength of the
association between total calories and MI or CHD
death, but the multivariate regression coefficients re-

main negative for all three study populations. If the
results from all three studies are combined, the nega-
tive regression of total calories and MI or CHD death
is statistically significant overall (p < 0.01). Thus,
even after accounting for known CHD risk factors and
the intercorrelation of nutrient measures, it is still
possible to conclude that total calories, alcohol and
starch are each negatively associated with the risk of
MI or CHD death.

Mortality

The consistent finding in all three populations that
alcohol consumption is higher in men who were free of
CHD during follow-up than in men who had an MI or

died of CHD would seem to run counter to the
generally recognized noxious potential of alcohol con-

sumption. If the CHD findings are construed as a

benefit from alcohol consumption, it is appropriate to

examine the data for countervailing toxicity. There-
fore, we considered the relation of death to diet, divid-
ing death into CHD death and death from other
causes (tables 9-11). Diet recalls were taken on all
these men at the beginning of the follow-up period, be-
fore the appearance of CHD or death.

In the Honolulu and Puerto Rico studies, the major
findings with respect to CHD death were generally
consistent with the findings for MI or CHD death as a
whole, although (perhaps because of the smaller
number of events) they were less frequently
statistically significant. This is not equally clear in the
Framingham data, but only 14 CHD deaths occurred
there during the follow-up period. It is probably inap-
propriate to submit such a small series of data to
detailed analysis.
The data with respect to non-CHD death have

several points of interest. Persons dying of causes
other than CHD did not have lower alcohol consump-
tion than survivors. In fact, in the Honolulu study,
such decedents had a significantly higher alcohol con-
sumption. In the Framingham and Puerto Rico
studies, there was a markedly lower total caloric in-
take in men who later died than those who survived to
the end of follow-up, with substantially lower intake of
protein, fat and carbohydrates. This was not true in
the Honolulu study, where the minor differences in
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TABLE 8. Regression of Coronary Heart Disease on Specified Nutrients in Men Ages 45-64 Years (Framingham,
Puerto Rico and Honolulu)

Univariate Multivariate
Total MI & CHD Other Total MI & CHD Other
CHD death CHD CHD death CHD

Standardized logistic regression coefficients
Framingham

Alcohol* -0.66§§ -0.79§§ -0.72tt -0.79§§ -0.99§§ -0.80%
Caloriest -0.02 -0.37t -0.06 -0.16 -0.24 0.11

Puerto Rico
Alcohol: -0.16 -0.12 -0.23 -0.23tt -0.20 -0.26
Starchl -0.15$t -0.22tt -0.05 -0.09 -0.12 -0.05
Starch from peas or beans§ -0.17§§ -0.32§§ -0.01 -0.13 -0.25§§ -0.01
Calories¶ -0.15t$ -0.21tt -0.07 -0.08 -0.12 -0.02

Honolulu
Alcohol** -0.31§§ -0.55§§ -0.08 -0.40§§ -0.71§§ -0.07
Starch** -0.16t -0.21tt -0.08 -0.15ft -0.22t$ -0.03
Caloriestt -0.21§§ -0.31§§ -0.06 -0.07 -0.13 0.03
The following five variables were used in each of the regression models: age, relative weight, systolic blood

pressure, serum cholesterol, and cigarettes smoked.
*7-variable model: alcohol, diabetes + 5 named above.
tS-variable model: alcohol, calories, diabetes + 5 named above.
19-variable model: alcohol, total starch, area of residence, blood glucose + 5 named above.
§9-variable model: alcohol, starch from peas or beans, area of residence, blood glucose + 5 named above.
¶9-variable model: alcohol, calories, area of residence, blood glucose + 5 named above.
**9-variable model: alcohol, total starch, read or write Japanese, diabetes + 5 named above.
tt9-variable model: alcohol, calories, blood glucose, read or write Japanese + 5 named above.
ttp < 0.05.
§§p < 0.01.
Abbreviations: CHD = coronary heart disease; MI = myocardial infarction.

calories from these sources were fully balanced by the
excess calories from alcohol.

In none of the three populations was alcohol con-
sumption less in decedents as a whole than in sur-
vivors, and in the Honolulu population it was actually
higher. This means that the possible protective effect
of alcohol against CHD death was fully balanced by
the noxious influence of alcohol on other causes of
death.
The inverse relation of non-CHD death to total

calories was significant in the Framingham and Puerto
Rico studies both by univariate and multivariate
logistic regression analysis, but in the Honolulu study,
only the univariate relation was significant (table 12).
The multivariate regression coefficients for CHD
death on total calories were consistently negative but
none were statistically significant.

Blood Lipids and Blood Pressure

In the Framingham and Honolulu studies, as well as
in other studies, significant associations between
alcohol intake and blood lipids have been found.'2 In
particular, alcohol consumption is associated with
higher levels of high-density and very low density lipo-
protein cholesterol and lower levels of low-density
lipoprotein cholesterol. In the Puerto Rico and

Honolulu studies, a significant inverse relation
between starch intake and serum cholesterol level was
noted.'3' 14 Thus, it is reasonable to attribute part of
the relationship between these nutrients and CHD to
their impact on blood lipids (table 13).

Another major risk factor that might be affected by
nutrient intake is blood pressure. Age-adjusted cor-
relations of systolic and diastolic blood pressures with
the various nutrients are shown for the three studies in
table 14. In the large Puerto Rico and Honolulu study
populations, many of these correlations are dis-
tinguishable from zero, but none is large enough to
suggest that any nutrient is an important determinant
of blood pressure levels. There is a remarkably consis-
tent finding across all three studies that greater
alcohol consumption was significantly associated
(albeit weakly) with higher systolic and diastolic blood
pressure. This is in accord with the finding of a posi-
tive relation between alcohol consumption and stroke
noted in the Framingham and Honolulu studies. Thus,
alcohol intake appears to be adversely related to high
blood pressure, in contrast to the favorable relation
between alcohol and CHD. Attempts to obtain
reliable and valid measurements of sodium intake in
these populations proved unsuccessful, so no data
relating sodium intake and blood pressure are
available.
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TABLE 9. Age-adjusted Means of Specified Variables in Men Ages 45-64 Years Free of Coronary Heart Disease
According to Subsequent Mortality Experience (Framingham)

Mortality status at end of follow-up
Dead

Alive All causes CHD Other
Variable (n= 808) (n = 47) (n = 14) (n = 33)

Mean intake including nutrients from alcoholic beverages
Total calories 2626 2416* 2528 2373*
Total protein (g) 101 99 114 94
Total fat (g) 114 101* 112 97*
SFA (g) 44 40 46 37*
MFA (g) 47 41* 43 40*
PFA (g) 16 14 15 14
Total carbohydrate (g) 253 231 222 234
Sugar (g) 73 64 67 63
Starch (g) 118 106 115 103
Other carbohydrate (g) 61 60 40* 67
Cholesterol (mg) 530 506 505 503
Alcohol (g) 24 24 23 25
P/S ratio 0.39 0.41 0.35 0.43
Relative weight (%) 122 124 126 123
Weight (Ibs) 175 174 179 172
Calories/kg 34 31 31 31

Mean intake excluding nutrients from alcoholic beverages
Total calories 2401 2192* 2366 2124*
Total carbohydrate (g) 242 219 221 219
Other carbohydrate (g) 50 48 39 52

*p < 0.05 vs survivors.
Abbreviations: CHD = coronary heart disease; SFA = saturated fatty acids; MFA = monounsaturated

fatty acids; PFA = polyunsaturated fatty acids; P/S ratio = ratio of PFA to SFA.

Nutrients Expressed as a Percentage of Total Calories

The previous data have been expressed in terms of
absolute levels of nutrient intake. Another way of
looking at the data is to express each nutrient as a
percentage of total calories consumed (tables 15-18).
The findings with respect to CHD are of particular

interest (tables 16-18). Alcohol consumption as a per-
centage of total calories was lower in men who subse-
quently developed CHD than in those who did not
(this difference was statistically significant in the
Framingham and Honolulu studies), just as it was
when alcohol consumption was expressed in absolute
terms. Starch consumption as a percentage of total
calories in men who subsequently developed CHD was

also lower in the Puerto Rico and Honolulu studies,
but while this difference was statistically significant
when starch consumption was expressed in absolute
terms, it was not statistically significant when ex-

pressed in relative terms. In all three studies, men who
went on to develop CHD consumed a larger per-
centage of their calories as fat. A similar difference
was not noted when fat intake was expressed in ab-
solute terms. The relative excess was statistically sig-

nificant in the Puerto Rico and Honolulu studies. It
was evident for all kinds of fats, but appeared to be
more significant for polyunsaturated than saturated
fats, as might be anticipated from the data for the P/S
ratio.

Discussion
Using data from three prospective studies of cardio-

vascular disease - the Framingham Study, the Puer-
to Rico Heart Health Program and the Honolulu
Heart Study - we examined the relation of diet to the
subsequent development of CHD. Epidemiologic
studies of this relationship have generally focused on
the intermediate question of the relation of diet to
blood lipids,4 12-18 because blood lipids are known
CHD risk factors and because the quantity and com-
position of the diet affect blood lipids.

Three principal findings have emerged: (1) Men who
had a greater caloric intake were less likely to develop
CHD, especially CHD manifest as MI or CHD death.
(2) Men who consumed more alcohol were less likely
to develop CHD but were more likely to die of causes
other than CHD. (3) In the Puerto Rico and Honolulu
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TABLE 10. Age-adjusted Means of Specified Variables in Men Ages 45-64 Years Free of Coronary Heart Disease
According to Subsequent Mortality Experience (Puerto Rico)

Mortality status at end of follow-up
Dead

Alive All causes CHD Other
Variable (n = 7816) (n = 402) (n= 71) (n = 331)

Mean intake including nutrients from alcoholic beverages

Total calories 2404 2158t 2273 2130t
Total protein (g) 86 771. 84 76t
Total fat (g) 96 85t 94 83t
SFA (g) 36 32t 34 31t
MFA (g) 37 34t 37 33t
PFA (g) 14 12t 15 12t
Total carbohydrate (g) 281 251t 261 249t
Sugar (g) 52 46t 49 46t
Starch (g) 180 161t 171 159t
Other carbohydrate (g) 48 44t 42 44*

Cholesterol (mg) 419 381* 405 376*

Alcohol (g) 12 12 7 13

P/S ratio 0.45 0.42 0.48 0.41

Relative weight (%) 113 110* 115 105*

Weight (lbs) 152 146* 156 144*

Calories/kg 36 33* 32* 33t

Mean intake excluding nutrients from alcoholic beverages
Total calories 2309 2066t 2217 2031t
Total carbohydrate (g) 277 249t 260 246t
Other carbohydrate (g) 45 41* 41 41

*p < 0.05 vs survivors.
tp < 0.01 vs survivors.
Abbreviations: CHD = coronary heart disease; SFA = saturated fatty acids; MFA = monounsaturated

fatty acids; PFA = polyunsaturated fatty acids; P/S ratio = ratio of PFA to SFA.

studies, but not in the Framingham study, men who
consumed more starch were less likely to develop
CHD, particularly CHD manifest as MI or CHD
death. Some findings from the Honolulu Heart Study
have been published.1' 20 Reports from the Puerto
Rico Heart Health Program dealing with prevalence
data21 and incidence data22 have also been published.
In this report, we present data from the Framingham
study and discuss interpopulation comparisons and
the consistency of the results.
Interpopulation Comparisons

The three study groups reported here differed in diet
and in the incidence of CHD. The interstudy findings
are consistent with findings reported from other inter-
population comparisons. In particular, these findings
support the hypotheses that populations consuming a
lower proportion of their calories from fat and from
saturated fat tend to have a lower incidence of CHD.

However, a lower proportion of calories from fat
obviously implies a higher proportion of calories from

some other nutrient. In the Puerto Rico and Honolulu
populations, as in other populations, the compensat-
ing nutrient was starch. Men in the Puerto Rico and
Honolulu study groups consumed about 50% more
starch than men in the Framingham study group. Be-
cause they also consumed fewer calories, the dif-
ference is even greater when expressed as the percent-
age of calories from starch.
These findings are in agreement with findings from

other interpopulation comparisons. For example, in a
study involving sixteen countries included in an inter-
national nutrition survey, higher starch intakes were
found in countries with lower serum cholesterol
levels.23 There has been a decrease in starch consump-
tion in the United States, as well as a subsequent in-
crease in the reported CHD death rate.24 A study of
men living in Ireland and Boston showed that the men
living in Ireland, where the CHD death rate is lower,
consumed more starch than those in Boston.26 These
reports, of course, indicated differentials in other
nutrients as well.
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TABLE 11. Age-adjusted Means of Specified Variables in Men Ages 45-64 Years Free of Coronary Heart Disease
According to Subsequent Mortality Experience (Honolulu)

Mortality status at end of follow-up
Dead

Alive All causes CHID Other
Variable (n = 6877) (n= 395) (n = 78) (n = 317)

Mean intake including nutrients from alcoholic beverages
Total calories 2317 2280 2144* 2325
Total protein (g) 96 93 91 94
Total fat (g) 87 83* 86 83
SFA (g) 32 31 32 31
MFA (g) 33 32 33 32
PFA (g) 16 16 16 15
Total carbohydrate (g) 264 259 235t 267
Sugar (g) 46 45 46 44
Starch (g) 165 163 144t 168
Other carbohydrate (g) 52 53 45 55
Cholesterol (mg) 555 564 592 559
Alcohol (g) 14 17 8 20t
P/S ratio 0.54 0.55 0.56 0.55
Relative weight (%) 113 113 119t lilt

Weight (lbs) 140 139 146t 137*
Calories/kg 37 37 33t 38

Mean intake excluding nutrients from alcoholic beverages
Total calories 2185 2110* 2070 2127
Total carbohydrate (g) 255 247 231* 252
Other carbohydrate (g) 43 40 40 40

*p < 0.05 vs survivors.
tP < 0.01 vs survivors.
Abbreviationa: CHD = coronary heart disease; SFA = saturated fatty acids; MFA = mooiounsaturated

fatty acids; PFA = polyunsaturgted fatty acids; P/S ratio = ratio of PFA to SFA.

TABLE 12. Regression of Death on Total Calories and Alcohol in Men Ages 45-64 Years (Frarningham, Puerto
Rico and Honolulu)

Univariate Multivariate
All causes CHD Non-CHD All causes CHD Non-CHD

Standardized logistic regression coefficients
Framingham

Total calories -0.50t -0.38 -0.47* -0.51t -0.36 -0.45*

Puerto Rieo
Total calories -0.36t -0.18 -0.39t -0.25t -0.08 -0.29t

Honolulu
Total calories -0.21t -0.25* -0.20t -0.05 -0.13 -0.03
Alcohol 0.05 -0.35 0.10* -0.00 -0.47* 0.07

Besides the specified nutrients, other variables included in multivariate regression are age, relative weight,
systolic blood pressure, serum cholesterol, cigarettes per day, and diabetes. In Puerto Rico, blood glucose
replaces diabetes and a variable for urban vs rural residence is included. In Honolulu, a variable for ability
to read and write Japanese is included.

*p < 0.05.
tp < 0.01.
Abbreviation: CHD = coronary heart disease.
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TABLE 13. Age-adjusted Mean Serum Cholesterol Levels in
Men Ages 45-64 Years Free of Coronary Heart Disease by
Amount of Dietary Starch Intake (Framingham, Puerto Rico
and Honolulu)

Dietary
starch
intake Serum cholesterol (mg/dl)

(g) Framingham Puerto Rico Honolulu

0-49 220 199 212
50-99 222 205 221
100-149 225 202 220
150-199 225 200 220
200-249 206 199 215
250-299 198 215
300-349 196 210

350-399 195 211
400+ 193 210

Intrapopulation Comparisons

When the relation of diet to subsequent CHD in-
cidence is examined within the Framingham, Puerto
Rico and Honolulu populations, the picture that
emerges is in a few respects similar to but in more
respects different from that observed among these
populations. Among the similarities are inverse
associations of CHD incidence with absolute starch
intake and with total calories per kilogram of body
weight and a positive association with fat intake ex-
pressed as a percentage of total calories. In contrast
with the interpopulation data, however, there was no
positive association within these populations of CHD
incidence with absolute fat intake.

Little information has been reported on the rela-
tion of diet to CHD incidence within populations. The
Framingham Diet Study, based on a different set of
data, showed no relation between any of the nutrients
and CHD incidence,4 but alcohol data were not in-
cluded in that analysis and the number of cases was
small. However, data on the relation of alcohol con-
sumption to CHD risk in Framingham have been
reported.26 Although these data suggested an inverse
relation between alcohol and MI, the association was
not statistically significant, in contrast to the present
findings.
A 1977 London study is one of the few in which the

relation of diet to CHD incidence was prospectively
examined. In this study, greater total intake of
calories and greater intake of dietary fiber from
cereals were both associated with a lower incidence of
CHD.27 This finding probably implies a greater level
of starch consumption in those remaining free of
CHD, but specific data on starch were not included in
the report.

Total Calories and CHD

In all three studies there was a significant negative
association between total caloric intake and the in-
cidence of MI or CHD death. The interstudy com-
parisons, however, are not consistent with this; men in
the Framingham study had the highest caloric intake
and also the highest CHD incidence. If total consump-
tion is expressed as calories per kilogram of body
weight, Framingham men consume the least and
Honolulu Japanese men consume the most, consistent
with the inverse associations with CHD in the three
studies. This finding is contrary to popular assump-
tions that coronary risk is related to a high caloric in-
take.

TABLE 14. Partial Correlation Coefficients (Controlled for Age) for Nutrient Intake on Blood Pressure in Men
Ages 45-64 Years Free of Coronary Heart Disease (Framingham, Puerto Rico and Honolulu)

Nutrient

Total calories
Total protein
Total fat
SFA

MFA

PFA

Total carbohydrate
Sugar
Starch
Other carbohydrate
Cholesterol
Alcohol

Systolic blood pressure

Framingham Puerto Rico Honolulu
(n = 859) (n = 8215) (n = 7272)

0.030

0.009
0.001

-0.008
0.001

0.015

-0.009 - 0.025*
-0.015 - 0.034t
0.008 - 0.040t

-0.021 -0.039t
0.004 - 0.039t
0.060t -0.016

0.004 - 0.070t - 0.046t
0.009 - 0.061t - 0.048t

-0.011 0.054t - 0.031t
0.040 -0.012

-0.023 0.007

0.069*

-0.013

- 0.033t
0.084t 0.081t

Diastolic blood pressure

Framingham Puerto Rico Honolulu
(n = 859) (n = 8215) (n = 7272)

0.026 -0.004 -0.Q09
0.045

-0.015
-0.019

-0.013

-0.006
0.019

-0.013
0.013

-0.014
-0.015
-0.016
- 0.013

- 0.003 0.070t - 0.006
-0.002 - 0.069t - 0.0371
- 0.018 -0.064t

0.009 - 0.053t
0.009 -0.005

-0.016
0.067*

-0.012
- 0.044t
0.002

0.006 -0.002
0.077t 0.064t

Correlation coeficintiffrsrom.zer(p<
*Correlation coefficient differs from zero (p < 0.05).
tCorrelation coeffcient differs from zero (p < 0.01).
Abbreviations: SFA = saturated fatty acids; MFA - monounsaturated fatty acids; PFA = polyun-

saturated fatty acids.
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TABLE 15. Means and Standard Deviations of Percentage of Calories from Specrfied Nutrients in Men Ages
45-64 Years and Free of Coronary Heart Disease (Framingham, Puerto Rico and Honolulu)

Mean -SD
Framingham Puerto Rico Honolulu

Nutrient (n = 859) (n = 8218) (n - 7272)
Percentage of calories from:

Protein 15.6 4.3 14.5 - 3.4 16.7 4.0
Fat 39.1 8.4 35.3 - 7.9 33.5 9.2
SFA 15.1 4.4 13.2 - 3.6 12.3 4.0
MFA 16.0 - 3.9 13.7 3.8 12.8 ^4.0
PFA 5.3 - 2.4 5.3 3.6 6.0 3.1
Carbohydrate 38.4 9.0 47.6 9.7 46.1 10.9
Sugar 10.9 6.7 9.0 6.2 7.9 5.6
Starch 18.0 - 6.1 30.4 - 10.6 29.2 10.6
Other carbohydrate 9.3 - 4.6 8.2 - 5.5 9.1 5.8
Alcohol 6.4 - 8.1 2.9 - 7.8 3.8 7.8

Except for PFA in Puerto Rico and other carbohydrate in Honolulu, all mean percentages in Puerto Rico
and Honolulu differ from those in Framingham at a level of p < 0.01.

Abbreviations: SFA = saturated fatty acids; MFA = monounsaturated fatty acids; PFA = polyun-
saturated fatty acids.

TABLE 16. Age-adjusted Mean Percentage of Calories from Specified Nutrients in Men Ages 45-64 Years Free
of Coronary Heart Disease According to Subsequent Coronary Heart Disease Experience (Framingham)

CHD status at end of follow-up
Developed CHD

No CHD Total MI or CHD death Other
Nutrient (n = 780) (n = 79) (n = 51) (n = 28)

Percentage of
calories from:

Protein 15.7 16.5 16.6 16.6
Fat 38.8 40.2 40.0 40.0
SFA 14.9 15.3 14.8 15.9
MFA 15.8 16.2 16.3 15.9
PFA 5.4 5.8 6.0 5.4
Carbohydrate 38.6 39.7 40.2 38.6
Sugar 11.0 11.8 11.6 11.7
Starch 18.0 19.4 20.4* 17.7
Other carbohydrate 9.4 8.4 8.2 9.2
Alcohol 6.5 3.3* 2.8* 4.6

*p < 0.01 vs no CHD.
Abbreviations: CHD = coronary heart disease; SFA = saturated fatty acids; MFA = monounsaturated

fatty acids; PFA = polyunsaturated fatty acids; MI = myocardial infarction.

Although calories are used by the body in a variety
of ways and for a variety of purposes, consumption of
a larger number of calories/kg probably reflects
higher levels of physical activity. This inference is con-
sistent with the finding from the Framingham study
that a lesser physical activity is associated with a
higher CHD incidence28 and a similar finding (un-
published) from the Honolulu study. It is possible that
thermogenesis also plays some role in allowing higher
caloric intake without weight gain. The fact that there
is an inverse relationship between MI or CHD death
and total calories is difficult to disentangle from the

inverse relationship of these end points with starch in-
take and, to a lesser extent, alcohol consumption, but
the three factors appear to be distinct. The consistent
findings with respect to total calories persist even
when alcohol consumption is taken into account
(tables 2, 3, 4 and 8). The case separating total calories
and starch is more difficult. In the Honolulu and Puer-
to Rico studies, starch provided nearly one-third of
the total calories. Thus, in these populations to talk of
total calories less those from starch is a quite different
matter from talking about total calories. In the Fram-
ingham study population, however, starch was not
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TABLu 17. Age-adjusted Mean Percentage of Calories from Specified Nutriens in Men Ages 45-64 Years
Free of Coronary Heart Disease According to Subsequent Coronary Heart Dtsease Experience (Puerto Rico)

CHD status at end of follow-up
Developed CIID

No CHD Total MI or CHD death Other
Nutrient (n = 7932) (n 286) (n = 163) (n = 123)

Pereentage of
calories from:

Protein 14.5 14.9 14.9 15.0
Fat 35.3 36.6t 36.7* 36.4
SFA 13.3 13.5 13.4 13.6
MFA 13.8 14.1 14.2 14.0
PFA 5.3 6.0t 6.2t 5.7
Carbohydrate 47.5 46.5 46.1 46.9
Sugar 8.9 8.8 8.6 9.1
Starch 30.3 29.5 29.5 29.6
Other carbohydrate 8.2 8.1 8.0 8.2
Alcohol 3.0 2.2 2.4 1.9

*p < 0.05 vs no CHD.
tP < 0.01 vs no CHID.
Abbreviations: CHD = coronary heart disease; MI = myocardial infarction; SFA

acids; MFA = monounsaturated fatty acids; PFA = polyunsaturated fatty acids.
= saturated fatty

TABLE 18. Age-adjusted Mean Percentage of Calories from Specified Nutrients in Men Ages 45-64 Years Free
of Coronary Heart Disease According to Subsequent Coronary Heart Disease Experience (Honolulu)

CHD status at end of follow-up
Developed CHD

No CHD Total MI or CHD death Other
Nutrient (n = 7008) (n = 264) (n = 164) (n = 100)

Percentage of
calories from:

Protein 16.6 17.3t 17.4* 17.0
Fat 33.4 34.9t 35.6* 33.6
SFA 12.3 12.7 12.9* 12.2
MFA 12.8 13.2 13.6t 12.6
PFA 6.0 6.7t 6.7t 6.6
Carbohydrate 46.2 45.4 45.4 45.3
Sugar 7.9 8.1 8.2 7.8
Starch 29.2 28.4 28.5 28.1
Other carbohydrate 9.1 8.9 8.7 9.3
Alcohol 3.8 2.5t 1.7t 3.9

p <0.05 vs no CHD.
tp < 0.01 vs no CHD.
Abbreviations: CHD coronary heart disease; MI = myocardial infaretion; SFA saturated fatty acids;

MFA = monounsaturated fatty acids; PFA = polyunsaturated fatty acids.

associated with the risk of MI or CHD death, whereas
total caloric intake was, suggesting that these are dis-
tinguishable factors. However, given the complex in-
terrelationships between. the various constituents of
the diet, inferences about a specific nutrient measure
must be made carefully.
Starch and CHD

Several questions about the possible protective
effect of starch against MI or CHD death require
more investigation.

(1) Why is the effect evidentfor MI or CHD death
but not angina pectoris? Other relationships specific
only to some forms of CHD are known. A case in
point is the relation of cigarette smoking to CHD risk,
which is ordinarily observed only with MI or CHD
death, but not with angina pectoris.29 Because
different mechanisms may be at work in the genesis of
these different CHD manifestations, such a finding is
not necessarily suspicious.

(2) Why is the effect evident in Puerto Rieo and
Honolulu but not in Framingham? A possible ex-
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planation in this case may lie in the much narrower
range, and hence smaller standard deviations, of
starch intakes in Framingham than in Puerto Rico or
Honolulu (table 1). Daily intakes of starch of 250 g or
more, which were reported by 18% of the Puerto Rico
study population and 11% of the Honolulu study pop-
ulation, were reported by only 1% of the Framingham
study population.
Such a difference in distributions would be irrele-

vant in linear regression analysis if the variables were
measured without error. However, the technical error
of diet measurements is high, and the 24-hour dietary
recall used in these studies has an additional source of
variation in the day-to-day differences in what people
eat. This variation makes the search for dietary
associations particularly difficult.30' 31 However, where
the true population variances are large (as they appear
to be in the Puerto Rico and Honolulu studies when
compared with the Framingham study) and the
technical variance remains more or less fixed (as
perhaps it does in these three studies), it should be
easier to detect an association where it exists. That
argument also applies to the negative association with
serum cholesterol level. In retrospect, it is evident that
the data from the original Framingham Diet Study,4
which were based on a modified Burke dietary inter-
view (a presumptively more reliable measurement of
diet than the 24-hour recall), did also suggest an in-
verse relationship between intake of carbohydrate
(simple or complex) and serum cholesterol level. How-
ever, this was not considered significant, perhaps be-
cause only positive associations were hypothesized.

(3) Is starch consumption an index to some other
dietary variable? In the Puerto Rico study there is
some suggestion that this may be so, legumes (peas
and beans) having a particularly strong association
with CHD risk (table 8), although other starchy foods
are also related.22 This corroborates the finding from
one experiment32 that legumes tended to lower blood
cholesterol levels in middle-aged men, although in
another experiment on young men, the same in-
vestigators could not duplicate those results.3" Bengal
gram (chickpeas) has also been shown to lower serum
cholesterol levels.34

Peas and beans are a source of fiber as well as a
source of starch. It has been shown that some types of
dietary fiber have a cholesterol-lowering effect.33 It is
possible, therefore, that in Puerto Rico both starch
and fiber enter into the inverse relations attributed to
starch. This would not be the case in Honolulu, where
legumes are a trivial source of starch. The major
source of starch in Honolulu is rice. Rice is also the
starchy food with the strongest association with CHD
incidence there, and the only statistically significant
one. In Honolulu, as in Puerto Rico, the rice con-
sumed is usually refined white rice, which is a minor
source of dietary fiber. Thus, while the Puerto Rico
data imply a possible role both for dietary fiber and
starch, the Honolulu data appear to be explicable only
on the basis of starch.
There is at least one metabolic study suggesting that

when intakes of saturated fat are high the starch effect
on lipids is particularly strong.36 However, starch was

not related to serum cholesterol in the Framingham
population, which has high intakes of saturated fat,
but was found in the Honolulu and Puerto Rico pop-
ulations, where the saturated fat intake is much lower.
No evidence was uncovered suggesting that the inverse
relation of starch to CHD incidence in Honolulu and
Puerto Rico is an indirect expression of variations in
fat intake.

(4) What metabolic process might account for the
apparent protection by starch against CHD? Our data
support the conclusion that increased starch intake
leads to reduced serum cholesterol levels, but the
association appears to be weak (table 14). Although
metabolic studies tend to show that increasing starch
intake induces lower blood lipid levels, these studies
are not all in accord.37-39
One possibility is that starch may reduce CHD risk

by influencing some blood-clotting mechanism. Ken-
dall04 suggested that starch may provide a protective
effect against atherosclerosis by maintaining more
stable blood insulin levels. Conceivably, other factors
are at work, including possible differential effects on
the various lipoprotein fractions.

Other Nutrients and CHD
In these populations, there was a higher relative in-

take (in some instances statistically significant) of pro-
tein and saturated, monounsaturated and polyun-
saturated fat in men who developed CHD. This may
be a statistical artifact arising from their lower caloric
intake. In any case, when the level of these nutrients is
expressed in absolute terms, it bears no relation to
CHD risk. Although the study data do not provide a
definite basis for choosing between absolute and rela-
tive measures, our preference is for absolute measures.

It has been suggested that consumption of sugar is
positively associated with CHD risk." Our data do
not support this suggestion.

Practical Implications
Although the findings reported here - particularly

those related to starch intake - may eventually be
found to have practical implications, it would be pre-
mature to propose dietary alterations before the find-
ings are examined more carefully. We consider the in-
verse relation of CHD incidence to the total daily
caloric intake as a prescription for greater physical ac-
tivity rather than for greater caloric intake.
The inverse relation of alcohol consumption to

CHD must be balanced against the increased mor-
tality from causes other than CHD. Moreover, the
serious consequences for health and function of very
heavy alcohol consumption are well known. We do not
interpret these data as suggesting alcohol consump-
tion be encouraged.
The apparently protective effect of starch consump-

tion against CHD seems to imply that the proportion
of calories coming from starch should be increased. In
isocaloric diets, increased intake of starch is a logical
way to balance decreased intake of fat. Thus, from a
practical point of view there is no difficulty in reconcil-
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ing our study findings with current programs for
prevention of CHD.
How strong are the negative associations of total

calories, alcohol and starch with MI or CHD death?
The mean differences (tables 2-4 and 9-11) appear
trivial, but this is misleading. Expressed as regression
coefficients (tables 8 and 12), the associations are oc-
casionally substantial and correspond to relatively
strong gradients of risk. Thus, the regression coeffi-
cient of -0.99 (the multivariate coefficient for alcohol
in Framingham) translates into a 63% lower risk for
35 g/day (1 standard deviation) more of alcohol. The
coefficient of -0.22 (the multivariate coefficient for
starch in Honolulu) means that 72 g/day (1 standard
deviation) more of starch corresponds to a 20% lower
risk. Of course, the actual incidence rates by nutrient
level (tables 5-7) exhibit considerable irregularity.
Given the inherent imprecision of dietary recall, this is
to be expected; indeed, it is extraordinary that any
statistically significant relations emerge at all. Statis-
tical considerations argue that the imprecision of the
diet histories can only attenuate the apparent relation-
ships and that the actual relations may be stronger
than these data indicate.31

In conclusion, men who developed MI or died of
CHD consumed significantly fewer calories (but
weighed more) and consumed less alcohol than
average. Men in the Honolulu and Puerto Rico
studies, also consumed significantly less starch. A
larger proportion of their total daily calories came
from fat, but not a greater number of grams of fat.
Men who died of non-CHD causes tended to consume
more alcohol than average and fewer calories. These
findings appear important for consideration in further
research relating to the role of diet and CHD.
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