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Abstract
PURPOSE—Whole grains may offer protection from diabetes by decreasing energy intake,
preventing weight gain, and direct effects on insulin resistance. This study examined associations
of whole and refined grains with incident type 2 diabetes (T2D) ascertained by self-reported
medication use in a cohort of post-menopausal women.

METHODS—72,215 women free of diabetes at baseline from the Women's Health Initiative
Observational Study were included. Whole grain consumption was categorized as 0, <0.5, 0.5-1.0,
1.0-<1.5, 1.5-<2.0, and ≥2.0 servings/day. Proportional hazards regression was performed to
estimate hazard ratios (HR) and 95% confidence intervals adjusting for potential confounders.

RESULTS—There were 3,465 cases of incident T2D over median 7.9 years follow-up. Adjusted
for age and energy intake/day, successively increasing categories of whole grain consumption
were associated with statistically significant reduced risk of incident T2D (HRs= 1.00, 0.83, 0.73,
0.69, 0.61, 0.57, p for trend <0.0001). Results were attenuated after adjustment for confounders
and other dietary components. Non-smokers and those who maintained their weight within 5
pounds had a greater reduced risk of T2D with higher consumption of whole grains than smokers
and women who gained more weight.

CONCLUSIONS—This large, prospective study found an inverse, dose-response relationship
between whole grain consumption and incident T2D in postmenopausal women.
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INTRODUCTION
Evidence from observational studies suggests that consumption of whole grains is associated
with a reduced risk of incident type 2 diabetes (T2D).[1-5] However, the mechanism
through which whole grains confer reduced risk is not fully understood. Diets high in whole
grains and fiber may offer protection from diabetes through a variety of mechanisms
including decreased energy intake and direct effects on insulin resistance.[6-7] Greater
consumption of whole grains has been inversely associated with body weight, as well as risk
of diabetes,[1-2, 8-9] coronary heart disease,[10] and stroke.[11-12]

Whole grain foods are a rich source of fiber and other nutrients. Several studies involving
whole grains have found lower insulin levels or improved glucose tolerance.[5, 13-15] Fiber
may act in a protective manner by slowing absorption and digestion of carbohydrates,
leading to a reduced demand for insulin and lowering glucose responses.[16] Once
processed, refined grains lose much of the fiber content as well as beneficial vitamins,
minerals, essential fatty acids and phytochemicals that are found in whole grains. Refined
grain foods tend to be energy-dense and nutrient poor and may be associated with insulin
resistance, and excess weight.[17]

We examined the prospective association of whole and refined grains with the risk of
incident T2D in the prospective Women's Health Initiative Observational Study, a diverse
cohort of post-menopausal women. We hypothesized that greater whole grain consumption
would be associated with a reduced risk of incident T2D while greater refined grain intake
would be associated with an increased risk of incident T2D. Detailed dietary information
and long term follow-up made possible an examination of the long term effects of whole
grains on incident T2D.

MATERIALS AND METHODS
Overview of Women's Health Initiative

The Women's Health Initiative (WHI) is a cluster of four clinical trials and an observational
cohort study. Details of the scientific rationale, eligibility requirements and baseline
characteristics of the participants in the WHI have been published.[18-23] Briefly, the
Observational Study (OS) includes women recruited directly into this study as well as those
who were screened for, but did not join, the clinical trials. A total of 93,676 participants
aged 50-79 were recruited between September 1994 and December 1998. Women were
eligible to participate in the OS if they were post-menopausal, unlikely to change residence
or die within 3 years, did not have complicating conditions such as alcoholism, drug
dependency or dementia, and were not enrolled in the WHI CT, or any other clinical trial.
Participants underwent initial screening visits during which personal information, medical
history, family history and health-related habits were assessed using standardized
questionnaires.

The key dietary assessment instrument in the WHI is a 122-item FFQ. All WHI participants
completed an FFQ at screening. The WHI FFQ was designed by an ad hoc dietary
assessment working group composed of WHI scientists and was based on instruments
previously used in large-scale dietary intervention trials.[24-25] The FFQ nutrient database
was derived from the University of Minnesota Nutrition Coding Center nutrient database
(Nutrition Coordinating Center, Minneapolis, Minnesota).[26]
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Exposure variables
Dietary intake was ascertained from the WHI FFQ. Intakes from the baseline and year 3
FFQ were averaged except for women (n=832) who developed T2D before the year 3 FFQ.
Since the women who developed T2D before year 3 were likely to have changed their diet
only the baseline FFQ was used. The FFQ includes many questions designed to characterize
the type of bread, grain and cereal intake, including 2 questions that separate whole grain
from refined grain bread and breakfast cereal. The methods for assigning the glycemic index
(GI) and glycemic load (GL) values used in the WHI FFQ have been reported elsewhere.
[27] Briefly, GI values were taken from published reports or imputed from GI values of
foods with similar composition and prepared in like manner. A composite GI was computed
by weighted average for FFQ line items with multiple foods. The GL was computed by
multiplying the GI by grams of available carbohydrate (total carbohydrate minus total
dietary fiber) by the number and frequency of servings consumed and portion size. In order
to facilitate interpretation of results, we categorized whole grains by FFQ line item
according to discrete servings per day with 0 servings per day being the reference category
and successive categories of 0, <0.5, 0.5-1.0, 1.0-<1.5, 1.5-<2.0, and 2.0 or more servings/
day. Nutrient values were energy-adjusted according to Willett.[28]

Ascertainment of Incident Diabetes
At each annual contact, participants were asked to self-report any new physician diagnosis
of diabetes treated with oral hypoglycemic drugs or insulin. Diagnosis of T2D based on
participant self-report was previously evaluated and deemed reliable. In a randomly selected
sample of 5,884 baseline specimens from the entire WHI population, fasting glucose levels
>140 mg/dL (the pre-1997 diagnostic threshold for diabetes in effect at the time most of the
WHI participants were recruited) were seen in 4.7% of women without reported diabetes
and 95.3% of women with reported diabetes at baseline.[29] A recent validation study in
which 715 medical records were reviewed using current diabetes diagnostic criteria
confirmed 92% of self-reported prevalent diabetes and 82% of self-reported incident
diabetes. Evidence of diabetes was found in only 5% of women who did not report diabetes.
[30]

Statistical Analysis
We included women from the WHI OS (n= 93,676) excluding those with T2D at baseline
(n=5,318), implausible energy intake values (less than 500 or greater than 3,500 kcal,
n=1,586), and those with missing data on whole grains consumption (n=682), energy intake
(n=4,414), and other covariates (n= 9,366). The final study sample for these analyses was
72,215.

SAS version 9.2 (SAS Institute, Inc, Cary, North Carolina) was used for all analyses.
Baseline descriptive characteristics were generated as follows: for continuous variables,
means and standard deviations were computed; for binary variables, percents were
computed. Cox proportional hazards regression[31] was used to compute hazard ratios (HR)
and 95% confidence intervals for incident T2D in relation to consumption of whole grains
and refined grains. Person-years of follow-up were calculated from baseline to the self-
report of diabetes, death, loss to follow-up, or end date (March 31, 2005), whichever came
first. The median follow-up for diabetes analyses was 7.9 years with an interquartile range
of 2.0 years. The null hypothesis that the HR for the exposure-disease association is the
same at all follow-up time points was tested by modeling an interaction between whole
grains and follow-up time. There was no evidence that the proportional hazards assumption
was violated.
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A series of models were compared to assess confounding and mediation. Model 1 was a
minimally adjusted model that include age and energy intake. Model 2 further adjusted for
potential confounding variables (smoking status, pack-years cigarettes, alcohol
consumption, physical activity, education, income, race, and family history of diabetes). The
main model, Model 3, further adjusted for BMI. In addition, we examined the potential
mediating roles of other dietary components; Model 3 variables plus dairy and fruit and
vegetable consumption in quintiles, and energy-adjusted nutrients (magnesium folic acid,
potassium, vitamin D), and energy-adjusted dietary fiber. . Trends in HRs across categories
of whole grain consumption, designated by their median values, were tested by a χ2

statistic.

We examined effect modification by overweight status, alcohol intake, physical activity
level, and smoking status in the relationship of whole grains consumption and incident T2D.
In order to test the null hypothesis that there is no interaction, effect modification was
examined by taking the value of the modifying variable of interest for a subject in the
corresponding category of whole grain consumption and the value of 0 for all others.
Additionally, we examined if there was a non-linear association by including a quadratic
term for age and BMI. In a sub-analysis of women with weights taken at baseline and year 3
(n=62,149), we examined main effects and effect modification by weight gain during the
first 3 years of observation.

RESULTS
Descriptive characteristics of the study population at baseline are shown in Table 1. Baseline
age, BMI, waist circumference, and family history of diabetes were similar across categories
of whole grain consumption. Compared to women with lower intakes of whole grains,
women with higher intakes were more physically active, were less likely to be current
smokers, had higher educational attainment, and were more likely to use hormone therapy.
Additionally, women with higher whole grain consumption reported higher consumption of
fruits and vegetables, and dairy (Table 2). We observed moderate correlations between
whole grain and fiber (correlation coefficients 0.57, data not shown).

In this cohort of postmenopausal women, the incidence rate of T2D was 63/10,000 person-
years. Prospective analyses are shown in Table 3. Compared with the lowest category of
whole grain consumption, successively increasing categories of whole grain consumption
were associated with a statistically significant reduced risk of incident T2D (HRs=1.00,
0.83, 0.73, 0.69, 0.61, 0.57, p for trend <0.0001, Model 1) after adjusting for age and energy
intake/day. Results were slightly attenuated after adjustment for potential confounding
variables (smoking status, pack-years cigarettes, alcohol consumption, physical activity,
educational attainment, income, race and family history of diabetes) (HRs=1, 0.87, 0.80,
0.79, 0.72, 0.72, 0.63, p for trend <.0001) and more so after further adjusting for BMI
(Model 3, HRs=1.00, 0.89, 0.82, 0.86, 0.82, 0.75, p for trend 0.014). We examined the role
of other dietary components that might mediate the relationship of whole grain consumption
with incident T2D (Table 3). The association was weakened after adjusting for dairy, fruit
and vegetable intake to the main model (Model 3), and the results were similarly weakened
after adjusting for quintiles of micronutrients (vitamin D, potassium, folic acid, and
magnesium). After adjusting for these variables the linear trend was no longer significant,
but women in the highest categories of whole grain intake still had a lower risk of diabetes.
There was no longer an association of whole grains with incident T2D after including fiber
in the model. In the association between refined grain intake and incident T2D, there was no
linear trend (p=0.7434). The association was stronger after adjusting for potential
confounders and BMI. Inclusion of vitamin D, potassium, folic acid, and magnesium further
strengthened this relationship.
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We found a statistically significant interaction between whole grain consumption and
smoking status (p=0.029) on the risk of T2D. There was no association among women who
were ever-smokers and a strong, protective association among who women who never
smoked (HRs=1.00, 0.78, 0.69, 0.72, 0.72, 0.57, p for trend 0.0012) (Table 4). We did not
detect effect modification by overweight status (p=0.811), alcohol intake (p=0.3444), or
physical activity level (p=0.6120).

Including weight gain instead of BMI in Model 3 did not change the results (HRs=1.00,
0.85, 0.80, 0.82, 0.71 0.89, p for trend 0.0072) (Table 5). However, we detected effect
modification by weight gain (p for interaction 0.0011). There was a strong, dose-response
inverse association between whole grain consumption and incident T2D among women who
gained fewer than 5 pounds and no association among women who gained 5 or more pounds
between the baseline and year 3 follow-up.

DISCUSSION
In this large, prospective cohort study of post-menopausal women, the consumption of
whole grains was inversely associated with incident T2D over a median 7.9 years of follow-
up. Women who consumed greater than 2 servings of whole grains per day had a 43%
reduction in risk of incident diabetes compared to women who consumed no whole grains.
The lower risk of diabetes was observed even at relatively low intakes of whole grains such
as 1 serving/day (HR=0.73). The association was robust and dose-related after adjusting for
potential confounders but was largely attenuated by the inclusion of micronutrients in the
model. These findings are consistent with other large, prospective studies[1-5]. In contrast,
we did not find a dose-response association between refined grain and incident T2D.

Whole grain foods are a good source of several vitamins, minerals and fiber. They may also
be a marker for a dietary pattern that protects against diabetes, as suggested by our
observation that fruit and vegetable intake attenuated the inverse association between whole
grain intake and incident T2D. Our results further suggest that the protective effect of whole
grains may in part be related to micronutrients, including magnesium, vitamin D, folic acid,
and potassium, because HRs were attenuated after including them in the model. Magnesium,
which is lost in the processing of refined grains, has benefits on carbohydrate metabolism
and insulin sensitivity.[32] In metabolic studies, intracellular magnesium was found to be
related to insulin sensitivity.[33] Pereira et al reported an inverse dose-response relationship
between whole grains and insulin resistance that was partially explained by magnesium.[17]
Higher intakes of dietary magnesium have been associated with reduced risk of T2D in
several prospective studies.[1, 3, 34-35] Our findings that HRs were slightly attenuated after
adjusting for dietary magnesium are consistent with these studies.

Fiber in whole grains may exert a protective effect on T2D via direct intestinal effects.
Fiber, in particular soluble fiber, slows the absorption of food through the digestive system
and some studies have shown improved postprandial glucose response.[16] Fiber may also
serve as a marker for the active phytochemicals in whole grains. [36] These phytochemicals
are found in the bran and cell walls, which are lost through processing.[16] The association
between whole grain consumption and incident T2D was attenuated after adjusting for
energy-adjusted fiber in our study. These findings may be due to either direct effect of fiber,
or a mixture of both physiologic gastrointestinal effects and delivery of phytochemicals.

It is also hypothesized that diets that are high in whole grains may prevent weight
gain[37-38] which may influence diabetes risk. Indeed, we observed effect modification by
weight gain whereby there was a strong, dose-response association in women who gained
fewer than 5 pounds and no association among women who gained 5 or more pounds. We
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looked at weight gain in a relatively short time period (between baseline and year 3) so these
woman may have already been experiencing the physiologic effects of weight gain, such as
altered glucose homeostasis. Furthermore, it is possible that early weight gain is a marker
for continuing to gain weight after year 3 thus further increasing their risk of incident T2D
over 7.9 years of follow-up.

Although both whole and refined grains contribute to glycemic load, a recent WHI study did
not observe an association between glycemic load and glucose or insulin resistance in a
sample of participants for whom biomarker data existed.[39] Furthermore, the literature is
inconsistent; some large prospective studies have found a positive association between
glycemic load and incident T2D[34-35, 40] while others have not.[1, 41] A recent meta-
analysis of 9 large, prospective studies of glycemic load and chronic disease found a strong
association between glycemic load and T2D independent of fiber intake.[42]

Refined grain foods lack the phytochemicals and intestinal effects of whole grains and tend
to be energy-dense and nutrient-poor and are associated with higher glycemic load.
Surprisingly, we did not observe an increased risk of incident T2D with increasing intakes of
refined grains. Despite the higher glycemic index and poor micronutrient content of refined
grains, across deciles of refined grain intake there was little variability in glycemic index
(range 50.0-54.2), and energy-adjusted fiber (14.7-16.5) and magnesium (range
242.0-252.1). This may explain the absence of increased risk associated with refined grains
we observed. Our findings are consistent with others in the literature.[1-4, 43]

We did not observe any protective effect of whole grains among ever-smokers, in contrast to
never-smokers. The association of smoking and T2D is well-established. In a meta-analysis
of over 1 million subjects, ever-smokers had higher incidence of T2D compared to never-
smokers.[44] Smoking may increase diabetes risk through increased visceral fat[45-46] and
insulin resistance.[47] In our study population, ever-smokers had higher BMIs and larger
waist circumferences compared with never-smokers (27.1 kg/m2 v 26.9 kg/m2 and 84.6 v
83.2 cm, respectively). In WHI, we have observed that it takes 10 years or more following
smoking cessation for diabetes risk to revert to that of a non-smoker.[48] Thus, one
possibility is that the increased diabetes risk among current smokers and relatively recent
quitters is masking any potential benefits of whole grain consumption.

A strength of this study is the large, diverse cohort of women with relatively long follow-up
time. In addition, the baseline data allowed for the examination of numerous exposures.
However, the ascertainment of T2D by self-report of medication use is an important
limitation. This method finds cases later in the natural history of disease compared with
glucose testing. The misclassification of some women with undiagnosed diabetes as non-
diabetic would have the effect of weakening our ability to observe true associations. As
well, there are limited whole grain food line items on the food frequency questionnaire.
“Dark bread” is considered a whole grain but could in fact refer to bread that is high in
refined grain such as pumpernickel. Also, the nature of the FFQ allows groupings of foods
with different fiber and nutrient contents thereby relying upon a default code and potentially
confounding actual amounts consumed. There is the possibility of misclassification of
exposure status, but misclassification should be non-differential because women with
existing conditions at baseline, who may have been more likely to change their diet, were
excluded from the analysis. In addition, when possible, we averaged the baseline and year 3
FFQ in order to attain more stable estimates of dietary intake. Self-reported diet is subject to
measurement error. While the self-reported dietary measures such as the FFQ are useful for
characterizing usual diet, total intakes tend to be under-reported[49], which may bias
associations toward the null. Additionally, although associations persisted with multivariate
adjustment, residual confounding cannot be ruled out – this may be particularly true for
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exposures such as whole grains that may reflect an overall healthier lifestyle. However, our
findings remained robust in women with a BMI greater than 25 kg/m2 and in women
reporting low leisure time physical activity levels. There could be residual confounding by
socioeconomic position even after adjusting for education and income. People of higher
socioeconomic position tend to have better access to medical care, including preventive
services, and are more likely to eat diets that are high in whole grains compared to those of
lower socioeconomic position. The absence of a protective effect of whole grains among
ever-smokers in our data support this assertion.

Conclusion
This large, prospective study of post-menopausal women found an inverse, dose-response
relationship between whole grain consumption and incident T2D over a median of 7.9 years
of follow-up. These data corroborate findings from other large studies that found strong,
inverse associations between whole grain consumption and incident T2D. Furthermore,
these findings provide support for hypotheses that the association between whole grains and
incident T2D is modified by weight gain and smoking. The consumption of whole grains in
this study population was low (mean 1.1 servings/day) and may even be slightly higher than
that of the general population[50-51] therefore it is possible that even small increases in
whole grain consumption could have substantial benefits at the population level.
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