
ABSTRACT
Background: Little is known about the effects of the amount and
type of carbohydrates on risk of coronary heart disease (CHD).
Objective: The objective of this study was to prospectively
evaluate the relations of the amount and type of carbohydrates
with risk of CHD.
Design:A cohort of 75521 women aged 38–63 y with no previ-
ous diagnosis of diabetes mellitus, myocardial infarction,
angina, stroke, or other cardiovascular diseases in 1984 was fol-
lowed for 10 y. Each participant’s dietary glycemic load was cal-
culated as a function of glycemic index, carbohydrate content,
and frequency of intake of individual foods reported on a vali-
dated food-frequency questionnaire at baseline. All dietary vari-
ables were updated in 1986 and 1990.
Results: During 10 y of follow-up (729 472 person-years),
761 cases of CHD (208 fatal and 553 nonfatal) were docu-
mented. Dietary glycemic load was directly associated with risk
of CHD after adjustment for age, smoking status, total energy
intake, and other coronary disease risk factors. The relative risks
from the lowest to highest quintiles of glycemic load were 1.00,
1.01, 1.25, 1.51, and 1.98 (95% CI: 1.41, 2.77 for the highest
quintile; P for trend < 0.0001). Carbohydrate classified by
glycemic index, as opposed to its traditional classification as
either simple or complex, was a better predictor of CHD risk.
The association between dietary glycemic load and CHD risk
was most evident among women with body weights above aver-
age [ie, body mass index (in kg/m2) ≥ 23].
Conclusion:These epidemiologic data suggest that a high dietary
glycemic load from refined carbohydrates increases the risk of
CHD, independent of known coronary disease risk factors.
Am J Clin Nutr 2000;71:1455–61.
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INTRODUCTION

High intake of carbohydrates can raise plasma fasting tria-
cylglycerol, primarily by enhancing hepatic synthesis of VLDL
(1), and can also reduce HDL (2), thus creating an adverse lipid
profile (3, 4). In addition, the negative effect of a low-fat, high-
carbohydrate diet may be intensified by the underlying degree

of insulin resistance (5). Because of adverse effects on lipid
and glucose metabolism (6), it is uncertain whether a low-fat,
high-carbohydrate diet is effective in the prevention of coro-
nary heart disease (CHD) (7).

Carbohydrates with different physical forms, chemical struc-
tures, particle sizes, and fiber contents induce distinct plasma
glucose and insulin responses (8). This physiologic response to
carbohydrate can be quantified by glycemic indexes (8–10),
which compare the plasma glucose response to specific foods
with the response induced by the same amount of carbohydrate
from a standard carbohydrate source, usually white bread or pure
glucose. In metabolic studies and dietary trials, substituting
foods with low glycemic indexes for those with high indexes
reduced serum insulin and glucose responses (11–13), urinary C-
peptide excretion (a marker of insulin production), and glycated
hemoglobin concentrations in diabetic and nondiabetic subjects
(9, 13–16). In addition, greater intake of starches with high
glycemic indexes leads to insulin resistance in animals (17, 18)
and is associated with insulin resistance (12, 13, 19), a lower
concentration of HDL (13, 20), and hypertriglyceridemia (13,
14) in humans. Furthermore, a high dietary glycemic load (ie, the
product of the glycemic index of a specific food and its carbo-
hydrate content—a variable representing the quality and quantity
of carbohydrate and the interaction between the 2) has been
associated with an increased risk of type 2 diabetes (21, 22).
Although the available evidence strongly indicates that insulin
resistance, hyperglycemia, and associated disorders of lipid
metabolism are important determinants of CHD (23–25), the
association between dietary glycemic load and risk of CHD has
not been examined in humans.
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In this 10-y follow-up study of female nurses, we examined
prospectively 1) whether dietary glycemic load is related to risk
of CHD, 2) whether the glycemic index can predict risk of CHD
better than can the traditional classification of carbohydrates into
simple and complex forms, and 3) whether the relation of
glycemic load to risk of CHD is modified by adiposity.

SUBJECTS AND METHODS

The Nurses’ Health Study was init iated in 1976 when
121 700 female registered nurses aged 30–55 y answered a
mailed questionnaire about their medical histories and lifestyles.
Since then, the cohort has been followed up every 2 y to ascer-
tain exposure and incident diseases. In 1984, we collected
dietary information with a 126-item semiquantitative food-fre-
quency questionnaire (SFFQ) that included detailed assessment
of carbohydrate-containing foods. After >4 mailings, 81757
women returned the SFFQ and satisfied a priori criteria of daily
energy intakes between 2514 kJ (600 kcal) and 14665 kJ (3500
kcal). We further excluded women with previously diagnosed
diabetes (n = 2248) and cardiovascular disease [including
angina, myocardial infarction (MI), stroke, and other cardiovas-
cular diseases; n = 3122]. The final baseline population was
75521 women aged 38–63 y in 1984. The study was conducted
according to the ethical guidelines of Brigham and Women’s
Hospital, Boston.

Measurements of dietary intake were repeated in 1986 and
1990 by using almost identical SFFQs. For each food, a com-
monly used unit or portion size (eg, one slice of bread) was spec-
ified and the subject was asked how often during the previous
year, on average, she had consumed that amount. Nine responses
were possible, ranging from “never” to “≥6 times per day.”
Nutrient scores were computed by multiplying the frequency of
consumption of each unit of food from the SFFQ by the nutrient
content of the specified portion according to food-composition
tables from the US Department of Agriculture (26) and other
sources. A full description of the SFFQ and the procedures used
for calculating nutrient intake, as well as data on reproducibility
and validity in this cohort, were reported previously (27). The
correlation coefficient for energy-adjusted carbohydrate intake
between the SFFQs and diet records was 0.73. The performance
of the SFFQ for assessing the individual foods high in carbohy-
drate has also been documented (28). For example, correlation
coefficients were 0.71 for white bread, 0.77 for dark bread, 0.66 for
potatoes, and 0.94 for yogurt (28).

The method used to assess glycemic indexes of individual foods
and mixed meals, as well as the measurement of dietary glycemic
load in the Nurses’ Health Study cohort, were reported elsewhere
(10, 15, 21). Briefly, we calculated glycemic load by multiplying
the carbohydrate content of each food by its glycemic index, then
multiplied this value by the frequency of consumption and
summed the values from all foods. Dietary glycemic load thus rep-
resents the quality and quantity of carbohydrates and the interac-
tion between the 2, given that the product of glycemic index and
carbohydrate intake indicates that a higher glycemic index has a
greater effect at higher carbohydrate intakes. Each unit of dietary
glycemic load represents the equivalent of 1 g carbohydrate from
white bread or pure glucose. We also created a variable we termed
overall dietary glycemic index by dividing the average daily glycemic
load by the average daily carbohydrate intake. Expression of the
glycemic load per unit of carbohydrate allowed the carbohydrate

content to be matched gram by gram and thus reflects the overall
quality of carbohydrate intake.

The primary endpoint for this analysis was incident CHD,
which includes fatal CHD and nonfatal MI occurring during the
10-y period between the return of the 1984 questionnaire and
1 June 1994 (29). A diagnosis of nonfatal MI was confirmed by
medical records by using criteria proposed by the World Health
Organization—symptoms plus either typical electrocardiographic
changes or elevation of cardiac enzymes (29). Fatal CHD was
ascertained by using the National Death Index and was confirmed
by medical records, autopsy reports, or death certificates. Fatal
CHD was confirmed if CHD was listed as the cause of death, if it
was the underlying and most plausible cause, or if evidence of
previous CHD was available. On the basis of all sources com-
bined, mortality follow-up was >98% complete (30).

Statistical analysis

For each study participant, person-years of follow-up (ie, the
number of persons studied times the number of years of follow-up)
were counted from the date of return of the 1984 questionnaire to
the date of CHD diagnosis; the date of death; or 1 June 1994,
whichever came first. Women were grouped in quintiles of
glycemic load, overall dietary glycemic index, and carbohydrate
intake (simple versus complex). Incidence rates were calculated as
the number of CHD events divided by the person-time of follow-up
in each quintile. Incidence rate ratios were calculated by dividing
the incidence rate of CHD in a particular category of exposure by
the corresponding rate in the reference category. Tests for trends
were conducted by assigning the median value to each quintile and
modeling this value as a continuous variable. The log likelihood
ratio test was used to assess the significance of interaction terms.

In a multivariate analysis, the estimated relative risks (RRs)
were simultaneously adjusted for potential confounding vari-
ables by using a pooled logistic regression that was asymptoti-
cally equivalent to the Cox proportional-hazards regression (31).
To best represent the participants’ long-term dietary patterns dur-
ing follow-up, we used a cumulative average method based on
all available measurements of diet up to the beginning of each
2-y interval (32, 33). Other covariates, including age, body mass
index (BMI; in kg/m2), smoking status, alcohol intake, physical
activity, postmenopausal hormone use, multivitamin use, use of
vitamin E supplements, parental history of MI before age 60 y,
history of hypertension, and history of hypercholesterolemia,
were assessed and updated every 2 y. To control for total energy
intake, all nutrients, glycemic load, and overall dietary glycemic
index were adjusted for total energy intake by using the residual
method (34). In addition, when examining the effect of substi-
tuting carbohydrate for fat, we used multivariate nutrient-density
models that simultaneously included energy intake, the percent-
ages of energy derived from protein and carbohydrate, and other
confounding variables. All reported P values are two-sided. Fur-
thermore, because adiposity (BMI) is an important determinant
of insulin resistance (35), we hypothesized a priori that adipos-
ity could modify the relation between glycemic load and CHD
and we evaluated this hypothesis in stratified analyses.

RESULTS

At baseline in 1984, the mean dietary glycemic load varied
nearly 2-fold between the highest and lowest quintiles of the
study population (Table 1). Women with high dietary glycemic
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loads consumed more carbohydrates, dietary fiber, cereal fiber,
vitamin E, and folate but had lower intakes of fats, cholesterol,
proteins, and alcohol and smoked less than did women with low
glycemic loads (Table 1). Mean age and BMI, history of parental
MI before age 60 y, physical activity, and current use of post-
menopausal hormones did not vary appreciably across quintiles
of dietary glycemic load. Dietary glycemic load did not appear to
be determined by any particular food; the 2 most important con-
tributors to dietary glycemic load in this population were mashed
or baked potatoes (8%) and cold breakfast cereals (4%); other
carbohydrate-containing foods contributed smaller amounts.

During 729472 person-years of follow-up, we documented
761 cases of CHD (208 fatal and 553 nonfatal MIs). After adjust-
ment for age and smoking status (model X), the estimated RR for
women in the highest quintile compared with those in the lowest
quintile of energy-adjusted dietary glycemic load was 1.57
(95% CI, 1.27, 1.95; P for trend < 0.0001) (Table 2). This asso-
ciation remained essentially unchanged after further adjustment
for other known coronary disease risk factors. In an analysis that
included age, BMI, smoking status, alcohol intake, parental fam-

ily history of MI before age 60 y, self-reported history of hyper-
tension, history of high cholesterol, menopausal status, aspirin
use, use of multiple vitamins, use of vitamin E supplements,
physical activity, protein intake, dietary fiber, dietary vitamin E
and folate, and total energy intake (model 2, Table 2), the RR for
the highest compared with the lowest quintile of dietary glycemic
load was 1.56 (95% CI: 1.17, 2.07; P for trend < 0.0001).

We further adjusted for saturated, monounsaturated, polyun-
saturated, and trans fats (model 4, Table 2). In this model, in
which all fats, protein, and total energy intake were held constant,
glycemic load represented the effect of substituting high-
glycemic-index carbohydrates for low-glycemic-index carbohy-
drates on CHD risk. Compared with carbohydrates with a low
glycemic index, carbohydrates with a high glycemic index were
strongly associated with increased risk of CHD. The RR for the
highest compared with the lowest quintile of glycemic load was
1.98 (95% CI, 1.41, 2.77; P for trend < 0.0001) in this model.
Similar findings for glycemic load were observed when all types
of fats were replaced with carbohydrate in the multivariate
model, with a multivariate adjusted RR of 1.89 (95% CI: 1.45,
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TABLE 1
Age-standardized baseline characteristics according to quintiles of energy-adjusted glycemic load among 75521 US female nurses aged 38–63 y, 19841

Quintile of glycemic load score

Variable 1 2 3 4 5

Quintile mean score 117 145 161 177 206
Parental myocardial infarction before age 60 y (%) 15 15 15 15 14
Vigorous activity at least once/wk (%) 43 44 44 43 43
Current smoker (%) 33 26 22 20 20
Current postmenopausal hormone use (%) 12 12 11 11 11
Exercise (h/wk) 3.2± 2.12 3.2± 2.1 3.2± 2.1 3.2± 2.1 3.2± 2.1
BMI (kg/m2) 25 ± 5 25 ± 5 25 ± 5 25 ± 4 24 ± 4
Daily dietary intake3

Total energy (kJ) 7113± 2244 7453± 2211 7515± 2206 7386± 2198 7005± 2189
Glycemic index4 72 ± 6 75± 4 77± 4 78± 4 80± 4
Carbohydrate (g) 144± 20 171± 11 186± 11 200± 11 226± 20
Polyunsaturated fat (g) 13± 4 12± 3 12± 3 11± 3 10± 3
Monounsaturated fat (g) 25± 5 24± 4 23± 3 21± 3 19± 3
Saturated fat (g) 25± 5 24± 4 22± 4 21± 3 18± 4
Transfatty acids (g) 4± 1 4 ± 1 4 ± 1 3 ± 1 3 ± 1
Cholesterol (mg) 337± 123 306± 88 287± 77 266± 71 228± 74
Protein (g) 79± 15 75± 11 72± 11 68± 10 62± 10
Dietary fiber (g) 14± 4 16± 4 17± 4 17± 5 18± 6
Cereal fiber (g) 3± 2 4 ± 2 4 ± 2 5 ± 2 5 ± 2
Alcohol (g) 16± 18 8± 10 6± 8 4 ± 6 3 ± 5
Dietary vitamin E (mg) 7± 4 7 ± 3 7 ± 3 6 ± 3 6 ± 4
Folate (mg) 367± 240 373± 220 378± 215 393± 226 407± 250

Foods (servings/d)
Cooked potatoes (mashed or baked) 0.24 0.31 0.33 0.35 0.37
Dark bread 0.47 0.59 0.63 0.67 0.66
White bread 0.49 0.60 0.68 0.69 0.67
Orange juice 0.30 0.41 0.46 0.52 0.58
White rice 0.09 0.10 0.11 0.11 0.12
Pizza 0.06 0.07 0.07 0.07 0.06
Cold breakfast cereal 0.14 0.22 0.28 0.32 0.38
Bananas 0.14 0.20 0.23 0.26 0.31
Pasta 0.13 0.15 0.15 0.16 0.15

1Glycemic load was defined as an indicator of blood glucose induced by an individual’s total carbohydrate intake. Each unit of glycemic load represents
the equivalent of 1 g carbohydrate from white bread.

2x– ± SD.
3All dietary variables, including glycemic load and glycemic index, were adjusted for total energy intake.
4Glycemic index was defined as glycemic load divided by the total amount of carbohydrate.
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2.46; P for trend < 0.0001) when extreme quintiles of glycemic
load were compared.

To better understand the relation of dietary glycemic load to
risk of CHD in terms of its constituents, we examined intake of
total and specific types of carbohydrates. In model 1 (Table 3),
based only on food-composition data (without incorporation of
glycemic index data of individual foods), total carbohydrate
intake, representing the replacement of fat with carbohydrate,
appeared to be positively related to CHD risk, but this associa-
tion was weak and not significant. When total carbohydrate was
entered into the multivariate nutrient-density model as a contin-
uous variable, the RR was 1.02 (95% CI: 0.96, 1.08; P = 0.50)
for an increase of 5% in energy from total carbohydrate, as com-
pared with the equivalent energy from total fat.

Carbohydrates have traditionally been classified as simple
(monosaccharides and disaccharides) or complex (polysaccha-
rides, mainly starch) (36). We examined the relation of these
mutually exclusive types of carbohydrate to risk of CHD. Nei-
ther simple sugar nor starch was significantly related to CHD
risk when they were included simultaneously in the same multi-
variate model (model 2, Table 3). In contrast, the quality of car-
bohydrate as classified by its glycemic index was significantly
associated with the risk of CHD in a multivariate model, in
which the same covariates were adjusted for [multivariate
adjusted RR: 1.31; 95% CI: 1.02, 1.68; Pfor trend = 0.008 when
extreme quintiles were compared (model 3, Table 3)]. Addition
of total carbohydrate intake to this model did not change the pos-
itive association between overall dietary glycemic index and
CHD risk (RR: 1.28; 95% CI: 1.00, 1.64; P for trend = 0.02).

The increased risk of CHD associated with high glycemic load
was most evident among women with BMIs >23 (Figure 1). Lit-
tle relation between glycemic load and CHD risk was found
among women with BMIs < 23 (RR: 1.11; 95% CI: 0.74, 1.66 for
high compared with low glycemic load; P < 0.01 for test of inter-
action between BMI and glycemic load).

DISCUSSION

In this 10-y follow-up study of 75521 female nurses, we
found a significant positive association between dietary glycemic

load and risk of CHD that was independent of known coronary
disease risk factors, including other measured dietary variables.
In addition, glycemic index was a stronger predictor of CHD
risk than was the usual classification of simple versus complex
carbohydrates. The adverse effect of a high dietary glycemic
load was most evident among women with average or above-
average body weights.

The prospective design of this study eliminated many poten-
tial sources of bias, especially recall bias. One concern was
whether women lost to follow-up had disease and exposure expe-
riences that were different from those of the women who
remained in the cohort. However, because loss to follow-up
accounted for only <1.8% of the person-years, any potential bias
would have been minimal. Although residual confounding by
unknown risk factors is theoretically possible, higher glycemic
load was not associated with a generally less favorable risk pro-
file. A clear association between dietary glycemic load and risk
was evident after adjustment for age and smoking status. This
association became stronger with additional adjustment of a
multitude of confounding factors, arguing against the possibility
of residual confounding.

Misclassification of dietary exposure is always an important
concern. Random within-person variation could attenuate any
association of interest, but the SFFQ was designed to minimize
this kind of error by assessing average long-term dietary intake.
Although the total glycemic effect of diets may not be fully cap-
tured by the SFFQ, any measurement errors would be expected
to be unrelated to the CHD endpoints because of the prospective
design of the Nurses’ Health Study. Thus, our estimate of the
underlying association between glycemic load and risk of CHD
may be somewhat conservative. Furthermore, because updated
dietary information during the follow-up was used in our analy-
ses, we accounted for changes in dietary habits over time.

The results of 2 previous cohort studies of men suggested a
weak inverse association between intake of carbohydrate and
CHD (37, 38). In the Honolulu Heart Program, McGee et al (37)
documented 456 cases of CHD among 8000 men of Japanese
ancestry who were followed up for 10 y. Measuring diets at base-
line with a single 24-h recall, these authors showed that men who
later experienced coronary events had lower intakes of energy
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TABLE 2
Adjusted relative risks (with 95% CIs) of coronary heart disease (CHD) according to quintiles of energy-adjusted glycemic load among 75521 US female
nurses aged 38–63 y, 1984–1994

Quintile of energy-adjusted dietary glycemic load score

1 (lowest) 2 3 4 5 (highest)

Cases of CHD 139 128 148 160 186
Person-years 147341 141515 146413 149977 144226
Relative risk (95% CI)

Model 1: adjusted for age and smoking1 1.00 0.92 (0.73, 1.17) 1.08 (0.85, 1.36) 1.27 (1.01, 1.59) 1.57 (1.27, 1.95)
Model 2: multivariate (without fats)1,2 1.00 0.94 (0.73, 1.20) 1.11 (0.86, 1.43) 1.28 (0.98, 1.66) 1.56 (1.17, 2.07)
Model 3: multivariate with additional 1.00 0.97 (0.76, 1.25) 1.19 (0.92, 1.55) 1.42 (1.07, 1.88) 1.85 (1.34, 2.54)

adjustment for saturated and trans fats1

Model 4: multivariate with additional 1.00 1.01 (0.78, 1.29) 1.25 (0.96, 1.64) 1.51 (1.13, 2.03) 1.98 (1.41, 2.77)
adjustment for all fats1

1P < 0.0001 for trend.
2 Includes the following: age (5-y categories); BMI (6 categories); cigarette smoking (never, past, and current smoking of 1–14, 15–24, and ≥25 ciga-

rettes/d; alcohol intake (4 categories); parental family history of myocardial infarction before the age of 60 y; self-reported history of hypertension or his-
tory of high cholesterol; menopausal status (premenopausal, postmenopausal without hormone replacement, postmenopausal with past hormone replace-
ment, and postmenopausal with current hormone replacement); aspirin use (4 categories); use of multiple vitamin or vitamin E supplement; physical activity
(h/wk in 5 categories); protein intake (in quintiles); dietary fiber, vitamin E, and folate intakes (in quintiles); and total energy intake (in quintiles).
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and carbohydrates than did the rest of the cohort. However, no
significant associations were found in multivariate analysis when
both total energy and carbohydrate intakes were included in the
same model. In The Puerto Rico Heart Health Program, Garcia-
Palmieri et al (38) measured baseline diets with a 24-h recall
among 8218 men and found a significant inverse association
between carbohydrate intake and CHD. However, these findings
might have resulted from the lack of adjustment for total energy
intake. Such an adjustment is important because variation in total
energy intake is largely determined by physical activity, a known
protective factor against CHD. Neither study measured dietary
glycemic load or conducted stratified analysis to examine the

effects of carbohydrate intake on MI risk among subgroups of
men defined by body weight. In metabolic trials, low-fat, high-
carbohydrate diets neither increased insulin sensitivity nor main-
tained weight loss in diabetic subjects (39, 40) or nondiabetic
subjects (41, 42). These diets did, however, worsen dyslipidemia
(41, 42), especially among subjects who were prone to insulin
resistance (5).

Insulin resistance, hyperglycemia, and related metabolic disorders
have long been recognized as important risk factors for CHD (43, 44).
In clinical observations and prospective cohorts, diabetic patients have
a greater risk of morbidity and mortality from CHD than do nondia-
betic patients (25, 45), especially women (25, 46). In the Framingham
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TABLE 3
Adjusted relative risks (with 95% CIs) of coronary heart disease according to quintiles of energy-adjusted total carbohydrate, type of carbohydrate, and
glycemic index among 75521 US female nurses aged 38–63 y, 1984–19941

Quintiles of energy-adjusted score

Variable 1 (lowest) 2 3 4 5 (highest)

Model 1: total carbohydrate 1.00 1.02 (0.80, 1.29) 1.09 (0.84, 1.42) 1.03 (0.76, 1.39) 1.23 (0.86, 1.75)
Model 2: carbohydrate classified 
by its chemical structure (all 
types of carbohydrate 
included simultaneously)2

Starch 1.00 0.96 (0.76, 1.20) 0.91 (0.70, 1.15) 0.90 (0.69, 1.18) 0.94 (0.69, 1.28)
Sucrose 1.00 1.03 (0.81, 1.31) 1.16 (0.91, 1.48) 1.02 (0.78, 1.33) 1.22 (0.94, 1.60)
Fructose 1.00 0.91 (0.72, 1.15) 0.96 (0.75, 1.22) 1.11 (0.87, 1.42) 1.07 (0.82, 1.40)
Lactose 1.00 1.06 (0.85, 1.32) 0.94 (0.70, 1.19) 1.12 (0.88, 1.41) 0.94 (0.74, 1.21)

Model 3: carbohydrate classified 
by its ability to raise plasma 
glucose response
Glycemic index3 1.00 1.01 (0.79, 1.29) 1.16 (0.91, 1.47) 1.18 (0.92, 1.49) 1.31 (1.02, 1.68)

1All the models were simultaneously adjusted for age (5-y categories); BMI (6 categories); cigarette smoking (never, past, and current smoking of 1–14,
15–24, and ≥25 cigarettes/d); alcohol intake (4 categories); parental family history of myocardial infarction before the age of 60 y; self-reported history of
hypertension or history of high cholesterol; menopausal status (premenopausal, postmenopausal without hormone replacement, postmenopausal with past
hormone replacement, and postmenopausal with current hormone replacement); aspirin use (4 categories); use of multiple vitamin or vitamin E supplement;
physical activity (h/wk in 5 categories); protein intake (in quintiles); intake of saturated, polyunsaturated, and trans fats; dietary fiber intake; dietary vitamin
E and folate intakes (all in quintiles); and total energy intake (in quintiles).

2Types of carbohydrate were mutually exclusive; fructose does not include contribution from sucrose.
3P for trend = 0.008.

FIGURE 1. Multivariate relative risks (RRs) of coronary heart disease according to body mass index (BMI) and dietary glycemic load (GL). The GL
is stratified by tertiles and the RRs are adjusted for the same covariates as those in Table 3. The 95% CIs for the 9 RRs are as follows: 1.00 (referent),
1.05 (0.76–1.45), 1.42 (0.96–2.08), 0.94 (0.63–1.40), 1.20 (0.86–1.68), 1.74 (1.18–2.55), 1.11 (0.74–1.66), 2.02 (1.45–2.83), and 1.97 (1.31–2.96).
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cohort, a strong positive association was observed between preva-
lence of CHD and increased glycated hemoglobin concentration,
which suggests the important role of hyperglycemia in the develop-
ment of CHD (47). In the Whitehall study (48), impaired glucose tol-
erance was associated with increased risk of MI. More recent studies
also suggested that the relation between glycated hemoglobin con-
centration and CHD risk is progressive and continuous in diabetic
(49) and nondiabetic (24) subjects. Although the underlying biologi-
cal mechanisms for our findings remain to be elucidated, a high
dietary glycemic load apparently induces hyperglycemia and hyper-
insulinemia (9, 13, 50), which can lead, in turn, to hypertension (51),
dyslipidemia (52), and possibly impaired fibrinolysis and thrombosis
(53, 54), all of which can increase the risk of CHD.

The adverse metabolic responses to diets with a high glycemic
load (9, 13, 16, 50) are exacerbated by underlying insulin resis-
tance because increasing amounts of insulin are needed to com-
pensate for the increased glycemic load (13). Our results are
consistent with other published reports indicating that high
glycemic load does not appear to affect risk of CHD among
women with low BMIs (<23) (Figure 1). This finding may partly
explain why some populations, such as those in rural China, have
low rates of CHD despite high carbohydrate intakes. Traditionally,
these populations consume carbohydrates in less refined forms,
have high amounts of physical activity, and have a low prevalence
of obesity. These factors can improve insulin sensitivity and may
lead to greater tolerance of a relatively high glycemic load (25).

Although almost all existing dietary guidelines advise the sub-
stitution of complex carbohydrates for simple sugars or fat (55,
56), data that directly relate types of carbohydrate to CHD risk
are limited. Our findings cast doubt on the usefulness of the sim-
ple versus complex classification of carbohydrates. A better
measure would be the glycemic index of carbohydrates, which,
in the present study, was more closely related with CHD risk—
carbohydrates with a high glycemic index were strongly associ-
ated with increased risk of CHD compared with carbohydrates
with a low glycemic index after intakes of total energy, protein,
fats, and carbohydrates were held constant (model 4, Table 2).
Metabolic data indicate that starchy foods, such as white rice and
potatoes, are digested and absorbed quickly. Thus, even though
these foods are considered to be desirable complex carbohy-
drates, they each have a high glycemic index and can induce high
blood glucose responses. In contrast, the major source of simple
sugars in this cohort was fruit and vegetables. Although they are
considered to be less-than-desirable simple carbohydrates, these
disaccharides (70% fructose and 33% sucrose) have a low
glycemic index and yield only a small to moderate blood glucose
response (57).

In summary, our findings suggest that a high intake of rapidly
digested and absorbed carbohydrate increases the risk of CHD
independent of conventional coronary disease risk factors.
These data add to the concern that the current low-fat, high-
carbohydrate diet recommended in the United States may not
be optimal for the prevention of CHD and could actually
increase the risk in individuals with high degrees of insulin
resistance and glucose intolerance.
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