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Refined Grain Intake and Risk of Type 2
Diabetes
Glenn A. Gaesser, PhD
G rain foods are considered part of a
healthy diet, and current US die-
tary guidelines recommend that at

least one-half of grain consumption come
from whole grains.1 Health benefits of whole
grains are well established, and several meta-
analyses have demonstrated inverse associa-
tions between whole grain intake and risk
of several chronic diseases, including type
2 diabetes (T2D).2,3 Less than 7% of the
US population consumes the recommended
minimum 3 servings per day of whole grains,
and more than 70% of Americans consume
less than 1 serving per day of whole grains.4

In contrast, refined grain consumption in the
United States is approximately 5 times
greater than whole grains, averaging w84%
of total grain intake.5 Because of this imbal-
ance, the 2015 Dietary Guidelines Advisory
Committee (DGAC) recommended that
Americans should “replace most refined
grains with whole grains,”6 and the 2020
DGAC emphasized that “a shift toward
higher proportion of total grains as whole
grains and a reduction in refined grains is
needed.”7 Specifically with regard to T2D,
both DGACs concluded that the strength of
scientific evidence was “moderate” that a
reduced intake of refined grains was associ-
ated with lower risk of T2D.

The conclusions of the 2015 and 2020
DGACs with regard to refined grains and
risk of T2D were based predominantly on di-
etary pattern research. “Healthy” dietary
patterns are characterized by higher con-
sumption of fruits, vegetables, whole grains,
low-fat or non-fat dairy products, seafood,
legumes, and nuts. In contrast, “unhealthy”
(Western) dietary patterns are characterized
by higher intakes of red and processed
meat, sugar-sweetened foods and beverages,
French fries, high-fat dairy products, and
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refined grains. A substantial body of research
shows that a healthy dietary pattern is asso-
ciated with a lower risk of T2D and that an
unhealthy dietary pattern is associated with
increased risk of T2D.8,9 However, dietary
pattern research does not provide for an
assessment of the risks associated with
each particular food group within each die-
tary pattern. It is plausible that the risk asso-
ciated with refined grain intake is not
attributable to refined grains per se but
rather to the other foods within the un-
healthy dietary pattern.10 For example, risk
of T2D has been shown to be associated
with consumption of red and processed
meat3,11,12 and sugar-sweetened bever-
ages.3,12 To establish the T2D risk associated
with refined grain intake, it is necessary to
include studies in which refined grains are
considered as a separate food category and
not within a dietary pattern. Moreover, inter-
pretation of the published data on health
risks associated with refined grain intake is
complicated by how refined grain foods are
defined in research studies. Refined grains
can include both staple grain foods (eg,
bread, cereal, pasta, rice) and indulgent grain
foods (eg, cakes, cookies, and pastries).10

The purpose of this commentary is to
summarize published research on the associ-
ation between refined grain intake and risk
of T2D. PubMed, the Institute for Scientific
Information’s Web of Science, and the
Cochrane Database of Systematic Reviews
were searched to identify relevant meta-
analyses and prospective cohort studies
that published relative risks (RRs) or hazard
ratios (HRs) for T2D associated with refined
grain intake. Only studies that analyzed
refined grains as a distinct food category
were considered relevant to this commen-
tary. All RRs or HRs presented in text and
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FIGURE 1. Refined-grain intake and risk of type 2 diabetes in cohort studies, comparing highest and lowest
(referent ¼ 1.00) intakes. Vertical bars ¼ 95% confidence intervals. *Risk estimate significantly higher for
highest intake group, P<.05. **Risk estimate significantly lower for the highest intake group, P<.05.
CURES, Chennai Urban Rural Epidemiological Study;22 DR, dose-response meta-analysis (per 3 servings
per day);2 FMCHES, Finnish Mobile Clinic Health Exam Survey;20 HPFS, Health Professionals Follow-up
Study;17 IWHS, Iowa Women’s Health Study;15 MDC, Malmo Diet and Cancer study;13 NHS, Nurses’
Health Study;14 PHS, Physicians’ Health Study;18 SHWS, Shanghai Women’s Health Study;21 SHMS,
Shanghai Men’s Health Study;21 TGLS, Tehran Lipid and Glucose Study;19 WHI, Women’s Health Initiative
observational study.16

REFINED GRAIN AND RISK OF TYPE 2 DIABETES
in figures represent results for fully adjusted
statistical models, which typically included
age, sex, body mass index, smoking status,
physical activity, family history of T2D, total
energy intake, and intake of other foods and
beverages.
Refined Grain Intake and T2D Risk
Ten publications (11 cohorts) provided data
on T2D risk associated with intake of
refined grains, including 4 cohorts of
women,13-16 3 cohorts of men,13,17,18 and
4 cohorts of women and men combined.19-
22 These cohorts included a total of
268,419 women and 130,575 men. Of the
11 cohorts, 1 reported a higher risk of
T2D when comparing the highest and
lowest intakes of refined grains;22 1 re-
ported a lower risk;16 and 9 reported risk
Mayo Clin Proc. n August 2022;97(8):1428-1436 n https://doi.org/1
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estimates, indicating no statistically signifi-
cant associations (Figure 1). The single
study reporting a higher T2D risk was the
smallest cohort (1376 men and women
from India), in which the major source of
refined grains was white rice.22 In the
Women’s Health Initiative Observational
Study,16 the HR for the highest (�6 serv-
ings per day) compared with the lowest
(<1 serving per day) category of refined
grain intake was 0.77 (95% confidence in-
terval [CI], 0.61 to 0.98). In this study,
the lower HR for the highest intake of
refined grains was similar to that for the
highest intake of whole grains. Seven of
these 11 cohorts13-18,20 were included in 2
published meta-analyses, each of which re-
ported summary risk estimates that demon-
strated no significant association between
refined grain intake and T2D (Figure 1).2,3
0.1016/j.mayocp.2022.05.004 1429
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FIGURE 2.White rice intake and risk of type 2 diabetes in cohort studies, comparing highest and lowest (referent ¼ 1.00) intakes, and
in dose-response (DR) analyses. Vertical bars ¼ 95% confidence intervals. *Risk estimate significantly higher for highest intake group,
P<.05. **Risk estimate significantly lower for the highest intake group, P<.05. In HKDS DR, dose ¼ per standard deviation in rice
intake (g per week). In the DR meta-analysis,2 the risk is per 1 serving per day. CHNS, China Health and Nutrition Survey;30 GCS,
Golestan Cohort Study;31 HKDS, Hong Kong Dietary Survey;34 HPFS, Health Professionals Follow-up Study;26 IHHP, Isfahan Healthy
Heart Program;28 JPHC, Japan Public Health Center-based prospective study;24 KUFC, Kyushu University Fukuoka Cohort;23 MCC,
Melbourne Collaborative Cohort;32 NHS, Nurses’ Health Study;26 NHS II, Nurses’ Health Study II;26 PURE, Prospective Urban Rural
Epidemiology study;29 SCHS, Singapore Chinese Health Study;25 SWHS, Shanghai Women’s Health Study;27 TLGS, Tehran Lipid and
Glucose Study.31
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The lack of association between intake of
refined grain and T2D is surprising, consid-
ering the foods defined as refined grains. In
addition to staple refined grain foods
mentioned here, refined grains were defined
to include cakes,14,17,20 cookies,20 sweets and
desserts,14,15 sweet rolls and bread,14,17,19,20

pancakes,14,15,17,20 waffles,14,15,17 muffins,14,17

and pizza.14,15,17 These foods typically contain
highamounts of sugar and fat and lowamounts
of fiber. None of the cohort studies examined
the separate associations between T2D risk
and intake of either staple or indulgent refined
grain foods or provided information as to the
percentage contributions of the different
refined grain foods to total refined grain intake.
Mayo Clin Proc. n August 2022;
However, it is interesting to note that 4 of the
cohort studies presented in Figure 1 included
only staple grain foods in their definitions of
refined grains, such as refined cereal prod-
ucts,13,22 refined grain bread,16 and refined
grain breakfast cereals.16,18 TheT2Drisks asso-
ciated with the highest consumption of these
refined grain foods are similar to those in co-
horts that included both staple and indulgent
grain foods in their analyses. Thus, even with
inclusion of indulgent grain-based foods,
none of the studies showed an elevated risk of
T2D associated with the highest intake of
refined grains, and none of the meta-analyses
indicated an association between refined grain
intake and T2D.
97(8):1428-1436 n https://doi.org/10.1016/j.mayocp.2022.05.004
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FIGURE 3. Risk of type 2 diabetes associated with intake of refined grain,
whole grain, and total grain, comparing highest and lowest (referent ¼ 1.00)
intakes, and in dose-response (DR) analyses. Vertical bars ¼ 95% confi-
dence intervals. *Risk estimate significantly lower for the highest intake
group, P<.05. FMCHES, Finnish Mobile Clinic Health Exam Survey;20 IWHS,
Iowa Women’s Health Study;15 NHS, Nurses’ Health Study.14 In the DR
meta-analysis, the risk is per 3 servings per day.2
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White Rice Intake and T2D Risk
Data from 23 cohorts provided T2D risk es-
timates for white rice intake (Figure 2).
These include data from 6 cohorts of
women,23-27 5 cohorts of men,23-26,28 and
12 cohorts of men and women com-
bined,29-34 with a total of 566,963 partici-
pants. Thirteen of the cohorts are from
Asian populations,23-25,27,29,30,34 8 from
non-Asian populations,26,28,31-33 and 2
include a mixture of Asian and non-Asian
populations.29 Also shown in Figure 2 are
results from 5 meta-analyses comparing
highest vs lowest intakes,2,35,36 and 1 dose-
response meta-analysis,2 on the association
between white rice intake and T2D risk. All
cohort studies but 1 shown in Figure 2 are
included in 1 or more of the meta-analyses.29

Higher T2D risk in the highest white rice
intake group was found in 8 cohorts and in 3
of the meta-analyses. Most of these were
observed in Asian cohorts23,27,29 or in co-
horts that included both Asian and non-
Asian populations.29 Consumption of white
rice is generally much higher in Asian popu-
lations. For example, rice consumption in
the highest intake groups in 3 US cohorts
of health professionals26 is comparable with
that of the lowest intake groups of Asian co-
horts.23-25,29 High intake of white rice is
associated with high dietary glycemic index
(GI) and glycemic load (GL), and meta-
analyses have shown that high GI and GL
are associated with higher risk of T2D.37,38

The higher T2D risk associated with high
GI and GL appears to be stronger in Asian
cohorts than in cohorts from the United
States or Europe.37 None of the cohort
studies presented in Figure 2 adjusted for
GI or GL in their statistical models, and
thus it is possible that this could have influ-
enced the results. However, application of GI
values of foods from diet records and food
frequency questionnaires used in all of the
cohort studies is problematic,39 and this
may be especially true for white rice, with re-
ported GI values ranging from 17 to 94.40

Moreover, high consumption of white
rice among Asian populations may not fully
explain the higher T2D risk because high
Mayo Clin Proc. n August 2022;97(8):1428-1436 n https://doi.org/1
www.mayoclinicproceedings.org
intake of white rice was not consistently
associated with increased T2D risk across
all Asian cohorts. Consumption of white
rice in the highest intake groups across co-
horts was w600 to 900 g per day. Although
this level of white rice consumption was
associated with increased T2D risk in some
Asian cohorts,23,24,29 risk of T2D was not
higher among men and women in the high-
est white rice intake group in the Singapore
Chinese Health Study (683 g per day),25 the
Japan Public Health Center-based study (762
g per day),24 and the China cohort of the
Prospective Urban Rural Epidemiology
(PURE) study (800 g per day),29 or among
men in the Kyushu University Fukuoka
Cohort Study (616 g per day).23 The
149,823 men and women in these cohorts
constitute nearly 60% of the total partici-
pants for all Asian cohorts presented in
Figure 1. Thus, factors other than high con-
sumption of white rice may contribute to the
higher risk of T2D in some of the Asian
cohorts.

The results of the meta-analyses are in
line with the inconsistent results from the
0.1016/j.mayocp.2022.05.004 1431
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cohort studies (Figure 2). Hu et al35 found
high intake of white rice to be associated
with risk of T2D in Asian cohorts only.
The higher risk observed in the meta-
analysis by Ren et al41 included data primar-
ily from Asian cohorts (7 of 9). By contrast,
the meta-analyses of Krittanawong et al36

and Aune et al2 included relatively more
non-Asian populations.

Total Grain Intake and Risk of T2D
Although it has been recommended that
Americans replace refined grains with whole
grains and reduce overall intake of refined
grains,6,7 to reduce risk of T2D this may
not be necessary. In 3 cohort studies,14,15,20

total grain consumption (calculated as the
sum of refined grain and whole grain intake,
either as g per day15 or servings per week20)
has been reported to be associated with
significantly lower risk of T2D (Figure 3).
In the Nurses’ Health Study, whole-grain
intake was associated with significantly
lower risk of T2D compared with refined-
grain intake, but the relative risk for the
highest quintile of whole-grain intake was
essentially the same as that for total grain
intake.14 In the Iowa Women’s Health
Study15 and the Finnish Mobile Clinic
Health Exam Survey,20 the relative risks for
refined grain, whole grain, and total grain
intake are not significantly different from
one another. But, in the Finnish Mobile
Clinic Health Exam Survey, only for total
grain intake was the relative risk (RR),0.68;
95% CI, 0.54 to 0.87 of highest intake
quartile significantly lower than the lowest
intake quartile.20 The fact that the RR for
highest intake of total grain was lower than
that of whole grain suggests that consump-
tion of refined grains did not offset any
benefit of whole grain consumption.

Quantities of refined grain consumption
were not reported in the Nurses’ Health
Study, but in the Iowa Women’s Health
Study refined grain intake comprised >50%
of total grain intake in the highest quintile
of total grain intake. Finally, in the Women’s
Health Initiative observational study, both
refined grain and whole grain intake were
associated with w20% to 25% lower risk of
Mayo Clin Proc. n August 2022;
T2D.16 As high intake of whole grain was
associated with high intake of refined grain,
it is likely that total grain intake was associ-
ated with lower risk of T2D, even though
this was not reported in that study.

The results for total grain intake are
further supported by a meta-analysis2 that
included 3 of the studies cited here14,15,20

and an additional cohort study that reported
T2D risk associated with total intake of
cereal.32 In the categorical analysis of highest
vs lowest intakes, high intake of total grains
was associated with a 26% lower risk of T2D,
and in the dose-response analysis, each 3 serv-
ings per day of total grains was associated with
a 17% lower risk of T2D (Figure 3). The dose-
response revealed a nonlinear association,
with steeper reductions in T2D risk at the
lower and higher end of the intake range (up
to w10 servings per day). This amount of
grain consumption exceeds current intake of
grain among Americans, although it must be
acknowledged that the dose-response meta-
analysis was performed using 4 cohorts
composed of non-Asiandpredominantly
Whitedparticipants.14,15,20,32

Ratio of Refined- to Whole-Grain Intake
Although refined-grain intake is not associ-
ated with risk of T2D, and total grain intake
is associated with reduced risk of T2D, it is
possible that the ratio of refined to whole
grain intake may influence risk of T2D. In
the Nurses’ Health Study, the highest quin-
tile of refined to whole grain ratio was asso-
ciated with a 26% higher risk of T2D
compared with the lowest refined to whole
grain ratio.14 Unfortunately, quantitative in-
formation on the actual ratio of refined to
whole grain intake was not provided in this
study. It is not likely that total grain intake
influenced this result because total grain
intake was not significantly related to the ra-
tio of intakes (Spearman r ¼ e0.05). No
other study has reported T2D risk according
to refined- to whole-grain intake ratio. How-
ever, in the Finnish Mobile Clinic Health Ex-
amination Survey, the T2D RR associated
with whole grain intake was independent
of refined grain intake.20 Moreover, in the
Women’s Health Initiative observational
97(8):1428-1436 n https://doi.org/10.1016/j.mayocp.2022.05.004
www.mayoclinicproceedings.org
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study, the lower T2D risk associated with
refined-grain intake was similar (HRs be-
tween 0.75 and 0.83 in fully adjusted
models, all statistically significant) across
all intake levels of refined grain, even though
the ratio of refined to whole grain intake var-
ied by >3-fold across refined-grain intake
groups.16
Discussion
The results of these cohort studies are con-
trary to the conclusions of the 2015 and
2020 DGACs. This is most likely because
the DGACs relied primarily on studies of di-
etary patterns and their association with T2D
risk rather than on studies in which refined
grain foods were considered as a distinct
food category. The higher T2D risk associ-
ated with the unhealthy (Western) dietary
pattern is likely attributable to consumption
of red and processed meat and sugar-
sweetened beverages rather than to refined
grain foods per se.

The results for consumption of white rice
suggest that very high intakes may increase
T2D risk in some Asian populations. The
reasons for this are unclear, as most of the
Asian cohorts indicated no elevated T2D
risk associated with intake of white rice,
even at consumption levels comparable
with those cohorts in which higher risk
was reported.

Even though refined-grain intake was
found to be largely unrelated to risk of
T2D, meta-analyses have shown that high in-
takes of refined grains42 and white rice36 are
associated with increased risk for metabolic
syndrome. Both of these meta-analyses
included a majority of Asian cohorts, and
this may be especially relevant for interpret-
ing the results for intake of white rice. Also,
criteria used to define the metabolic
syndrome were not consistent across
studies used in the meta-analyses, and the
metabolic syndrome definition includes vari-
ables such as blood pressure and blood
concentrations of triglycerides and high-
density lipoprotein (HDL)-cholesterol,
which are not necessarily useful for predict-
ing risk of T2D.
Mayo Clin Proc. n August 2022;97(8):1428-1436 n https://doi.org/1
www.mayoclinicproceedings.org
A major limitation of the results from
cohort studies is that they are observational,
and the T2D risk estimates may have been
influenced by factors not measured. The
risk estimates presented herein represent
those from fully adjusted statistical models.
Nevertheless, residual confounding is
possible because numerous confounders
documented to be associated with T2D risk
were not measured. For example, dietary fi-
ber was not always included in the statistical
models. Even if included, the source of die-
tary fiber was not considered in any of the
studies, and it has been documented that
cereal fiber has a stronger inverse association
with T2D risk than other sources of dietary
fiber such as fruits and vegetables.12,43 This
is highly relevant because 54.5% of all intake
of fiber in the United States comes from
grain foods, and w72% of the grain contri-
bution to total fiber intake comes from
refined grains.44 Also, red and processed
meat3,11,12 and sugar-sweetened bever-
ages3,12 are associated with increased risk
of T2D, and none of the cohort studies spe-
cifically indicated whether intake of these
foods were included in statistical models.
Finally, even though all but 1 cohort study20

included adjustments for physical activity,
none of the cohort studies included assess-
ments of sedentary behavior, which is a
significant predictor of T2D risk indepen-
dent of physical activity.45

Randomized controlled trials (RCTs)
provide a higher level of confidence than
cohort studies but generally are limited to
examining the effects of relatively short-
term dietary interventions on metabolic
factors associated with T2D rather than
incidence of disease. Several relevant meta-
analyses of RCTs have been published and
show superior benefits of whole-grain foods
compared with refined-grain foods for
reducing postprandial glucose and insulin
responses46 but, surprisingly, no consistent
benefit for reducing fasting-blood concentra-
tions of glucose and insulin or for improving
homeostatic model assessment of insulin
resistance (HOMA-IR).46-48 Thus, the advan-
tage of whole grains compared with refined
grains for reducing risk of T2D may
0.1016/j.mayocp.2022.05.004 1433
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largely be due to their postprandial effects, as
the postprandial glucose response has been
shown to be a significant predictor of T2D.49

Although research strongly supports the
recommendation to increase consumption
of whole grains for reducing risk of T2D,
the optimal amount of whole-grain intake
is not entirely clear. Risk appears to be
reduced significantly up to about 3 servings
per day of whole grains.2,3 Americans
currently consume less than 1 serving per
day. A nonlinear dose-response has been re-
ported for total grain intake and reduced risk
of T2D, with reductions evident up to at
least 10 servings per day.2 This may be
particularly relevant for US dietary recom-
mendations, as this level of total grain con-
sumption exceeds current grain intake
among Americans.

It is possible that thew5-fold greater con-
sumption of refined grains compared with
whole grains among Americans could
contribute to excess energy intake, which
could increase risk for obesity and other
chronic diseases. However, as reviewed else-
where,10,50 most cohort studies show no asso-
ciation between intake of refined grains and
body mass index or measures of adiposity.
Also, meta-analyses of cohort studies indicate
that intake of refined grains is not associated
with risk of cardiovascular disease, stroke,
cancer, or all-cause mortality.10

It is also important to emphasize that
most refined grains consumed in America
are enriched with thiamin, riboflavin, niacin,
and iron and are fortified with folic acid.
Enriched grains are meaningful contributors
to nutrient density and can help deliver
shortfall nutrients to the American popula-
tion.51 The DGACs considered the important
micronutrient contribution of refined
(enriched) grains when recommending that
Americans make half of their grains whole
grains.1,6,7

Conclusion
Overall, published data suggest that, with
few exceptions, intake of refined grains is
not associated with increased risk of T2D.
Only 1 (the smallest) of 11 cohort studies re-
ported an elevated risk of T2D associated
Mayo Clin Proc. n August 2022;
with the highest intake of refined grains,
and 1 large cohort of women actually indi-
cated a lower risk of T2D in the highest
refined-grain intake group. Whether refined
grains were defined to include staple grain
foods onlydor a combination of staple and
indulgent grain foodsddid not appear to in-
fluence the results. Total grain intake,
defined as the sum of refined- and whole-
grain intake, is associated with lower risk
of T2D. High intake of white rice, particu-
larly in Asian populations, may increase
risk of T2D.
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