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risk of type 2 diabetes: a meta-analysis
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Abstract: In recent years, cardiovascular diseases (CVDs) have become a focus topic and global concern. There 
have been mixed reports on the relationship between whole grain or cereal fiber intake and the risk of type 2 dia-
betes. To evaluate whole grain or cereal intake on the risk of type 2 diabetes, we collected related literature on the 
relationship between whole grain or cereal fiber intake and the risk of type 2 diabetes. Methods: Eligible studies 
were identified from PubMed, Web of Science, and EBSCO (from 2007 to 2015). A total of three studies on whole 
grains were included, three studies about cereal fiber, and two on both whole grains and cereal fiber. We calculated 
the summary relative risks (RRs) using the random effects model. Eight studies contained 14,728 type 2 diabetes 
cases out of 434,903 subjects. Whole grain or cereal fiber intake is associated with type 2 diabetes (the overall RR 
was 0.68; 95% CI was 0.64-0.73) with significant heterogeneity in study-specific estimates (I2=0%, P=0.452). Whole 
grain and cereal fiber intake are inversely associated with the risk of type 2 diabetes. 
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Introduction 

In recent years, cardiovascular diseases (CVDs) 
have become a focus topic and global concern. 
According to the WHO reports in January 2015 
on CVDs, CVDs are the leading cause of death 
globally: more people die annually from CVDs 
than from any other cause [1]. Diabetes is a 
chronic disease that occurs either when the 
pancreas does not produce enough insulin or 
when the body cannot effectively use the insu-
lin it produces [2]. There was a prediction that 
diabetes will be the seventh leading cause of 
death in 2030 [3]. According to an analysis 
report of the National Health Services Survey in 
China (2008), the top three chronic diseases 
with the highest prevalence in urban areas are 
hypertension, diabetes, and ischemic heart dis-
ease [4]. The prevalence of diabetes is also 
high in rural areas. 

Whole grains and cereal are beneficial for 
health. Whole grain consumption can reduce 
the risk of major chronic diseases and cereal is 
beneficial for diabetes because it slows the 
availability of glucose from breakfast [5-7]. 
Studies have identified associations between 

whole grain and cereal intake and type 2 diabe-
tes. Some studies have focused on whole grains 
and type 2 diabetes, some have aimed at the 
relationship between cereal intake and type 2 
diabetes, while others have focused on both 
whole grain and cereal intake [8, 9]. Among 
these studies, all relative risks were less than 
1. However, some 95% confidential intervals 
(CIs) of random risk (RR) were 1, while others 
were not. This means that there is a discrepan-
cy in the relationship between whole grain and 
cereal intake and the risk of type 2 diabetes. 

Therefore, this study aimed to perform a meta-
analysis to find out whether whole grain or cere-
al intake would affect the incidence of type 2 
diabetes among healthy individuals.

Methods

Search strategy and selection criteria

We systematically searched the PubMed elec-
tronic database up to June 30, 2015, using the 
terms “diabetes” and “whole grain” or “diabe-
tes” and “cereal”. Studies were eligible if they 
met the following criteria: English language pub-
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lication; cohort study or case-control study; the 
exposure of the cohort was to whole grains or 
cereal; for the cohort study, the outcome of 
interest was type 2 diabetes; for the cohort 
study, the incidence of type 2 diabetes or from 
type 2 diabetes to death was less than 5% (in 
this case, the association reported as hazard 
ratio (HR) was regarded as RR in our study [10]); 
the results were reported by RR (relative risk) or 
hazard ratio (HR) or OR (odds ratio) with 95% CI; 
whole grain and cereal intake was assessed by 
the food frequency questionnaire (FFQ) or the 
German Food Code and Nutrient Data Base, 
version II.3.

Data extraction

We collected the following data from the stud-
ies: the first author’s name, year of publication, 
gender, age, years of follow-up, number of 
cohort and cases, case ascertainment, expo-
sure measurement, exposure categories, ad- 
justment and adjusted RRs with their 95% CI. 
All RRs were extracted from the highest deg- 
ree and adjusted for potential confounding 
factors.

Statistical analysis

For cohort studies included in our study, five 
studies used quintile, one quartile, and one 

tic. I2 describes the difference between studies 
with random error or chance [12]. If I2 > 50%, 
the random effect model was adopted to com-
bine RRs or the fixed effect model was used as 
the combining method. To assess the possible 
publication bias among studies, we applied 
Egger’s test and Begg’s test. Subgroup analysis 
for gender, and sensitivity analysis were con-
ducted in this study, also. For sensitivity analy-
sis, after dropping the unqualified studies, RRs 
were combined again and compared with previ-
ous results. If the results did not change acute-
ly, then the result of our study had high 
reliability.

Stata11.0 was used for all statistical analyses. 
The statistically significant p-value was less 
than 0.05.

Results

Characteristics of the included studies

We searched 36 studies through our literature 
screening, and 28 studies were not eligible and 
were excluded. In the end, seven cohort studies 
and one case-control study met the criteria 
(Figure 1). There were 434,903 participants 
among eight studies with 14,728 cases of type 

Figure 1. Study selection flow chart for the literature screening.

used quintile to analyze the 
relationship between whole 
grain and cereal intake and 
the risk of type 2 diabetes. 
However, one study did not 
mention what kind of variable 
they treated the whole grain 
intake as [11]. In our study, 
RRs from studies focused on 
whole grains or cereals were 
combined because whole gr- 
ains and cereals have a simi-
lar influence on blood glucose. 
RRs or OR was adjusted for 
age, gender, smoking status, 
physical activity, body mass 
index, family history of diabe-
tes, and other potential con-
founding variables. For stud-
ies treating RRs as continuous 
intake, the estimates for cate-
gories were obtained from 
included studies. 

The heterogeneity of the study 
was estimated by the I2 statis-
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Table 1. Characteristics of the included studies

References Type of 
study

Follow 
years (y) Gender Age (mean 

or range, y)
Number 
of cohort

Number 
of cases

Case  
ascertainment Exposure measurement Exposures 

categories
Matthias B. Schulze [15] Cohort 12 M/F 49.8 25067 844 Physician diagnosis German Food Code and Nutrient Data Base, version II.3 5

S.Goya Wannamwtheew [16] Cohort 7 M 60-79 3482 162 Self report 7-day recall FFQ 4

Tina Wirström et al. [8] Case control - M 47.2 5477 701 Physician diagnosis FFQ -

Meian He [17] Cohort 26 F 46 7822 295 Self report Semi-quantitative FFQ 5

Supriya Krishnan, DSc [9] Cohort 8 F 37 59000 1938 Physician diagnosis FFQ 5

Jeroen S.L.deMunter NSH I [13] Cohort 19 F 50.2 121,700 4747 Self report Semi-quantitative FFQ 5

Jeroen S.L.deMunter NSH II [13] Cohort 13 F 36 116,609 1739 Self report Semi-quantitative FFQ 5

Emily D Parker [14] Cohort 7.9 F 50-79 72215 3465 Self report WHI FFQ 6

A von Ruesten [11] Cohort 8 M/F 35-65 23531 837 Self report FFQ -
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2 diabetes with an average of 12.6 years of 
follow-up (Table 1).

The measurements of whole grain and cereal 
intake were different. The FFQ was used in 
three studies; one was a case-control study 
and two were cohort studies. Three studies 
used semi-quantitative FFQ, and all research 
objects of these studies were female. Among 
the rest of three, one applied the German Food 
Code and Nutrient Data Base (version II.3), one 
used a seven-day recall FFQ, and another one 
used WHI FFQ (FFQ for female particularly). 

The results of the meta-analysis

The results of the meta-analysis are shown in 
Figure 2. The combined RR was 0.74, 95% CI: 
0.67~0.82. The summary RRs were close in 
whole grain and cereal studies. Heterogeneity 
was significant (I2=56.8%, P=0.06). Hetero- 
geneity was not significant in the cereal studies 
but was significant in the whole grain studies 
(I2=0.0%, P=0.956; I2=74.6%, P=0.001). 

Publication bias is shown in Figures 3 and 4. 
According to these figures, there was no bias 
among studies (t=0.14, P=0.89). 

Results of a subgroup meta-analysis

Figure 5 shows the meta-analysis by gender. 
The relationship between whole grain and cere-
al and type 2 diabetes was significant in both 
the male group and female group (RR=0.68, 
95% CI 0.49-0.88; RR=0.74, 95% CI 0.64- 
0.77). 

Sensitivity analysis

Sensitivity analysis is shown in Figure 6. In a 
further analysis shown in Figure 7, the study 
conducted by von Ruesten [11] was deleted. 
The pool RR was 0.68, 95% CI: 0.64-0.73. The 
I2 was 0.0% (P=0.452), which was very different 
from the first result (RR=0.74, 95% CI: 0.67-
0.82). Therefore, the study by von Ruesten [11] 
had a great effect on the publication bias of 
this study. 

Figure 2. Forest plot of random effects meta-analysis.
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Discussion

Our meta-analysis provides evidence for the 
role of whole grain and cereal intake as a risk 
factor for type 2 diabetes. The results of this 
study suggest that increased whole grain and 
cereal intake can reduce the risk of type 2 dia-
betes. The influence that whole grain and cere-
al intake has on the risk of type 2 diabetes was 
similar for both males and females. According 
to the publication bias test, the result is signifi-
cant and can be trusted. 

The results from single studies of whole grain 
and cereal intake and the risk of type 2 diabe-
tes have been mixed. For whole grains, two 
studies found an inverse association between 

The result of this study confirms the findings of 
former studies and meta-analysis. There was 
one cohort study with 61 males and females 
that reported that a twelve-week whole grain 
and cereal-based diet reduced postprandial 
insulin and triglyceride responses [19]. As for 
whole grains, one meta-analysis combining 
dose-response analysis with six studies of 
316,051 participants found that each addition-
al 10 g of whole grain ingredient consumed 
daily saw an overall absolute reduction of 0.3% 
in the rate of type 2 diabetes [20]. For cereal 
consumption, there was no meta-analysis ab- 
out cereal consumption and type 2 diabetes. 
Our meta-analysis with 434,903 participants 
with 14,728 cases of type 2 diabetes is a new 
study that analyzes the influence of whole grain 

Figure 3. Begg’s funnel plot for publication bias.

Figure 4. Egger’s funnel plot for publication bias.

whole grain intake and the 
risk of type 2 diabetes and 
suggest that increasing whole 
grain consumption can pre-
vent type 2 diabetes [13, 14]. 
One study supported no sig-
nificant association; however, 
the author still suggested that 
high consumption of whole 
grain bread is beneficial to 
health [11]. For cereal intake, 
two studies showed an inver- 
se association and concluded 
that increasing cereal in the 
diet might be a way to 
decrease the occurrence of 
type 2 diabetes [9, 15]. 
However, one study found no 
significant association bet- 
ween cereal intake and the 
incidence of type 2 diabetes 
[16]. Two studies focused on 
both whole grain and cereal 
consumption, but only one 
study found whole grains to be 
significantly associated with 
the risk of type 2 diabetes and 
suggested that a higher intake 
of whole grains decreased the 
risk of a deteriorating glucose 
tolerance including the pro-
gression from prediabetes to 
type 2 diabetes [8, 17]. One 
study pointed out that it is 
time to confirm the relation-
ship between cereals and ty- 
pe 2 diabetes by randomized 
controlled trials [18].
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and cereal intake on type 2 diabetes. Whole 
grains and cereals have a similar effect on 
humans. The reason is probably that whole 
grains and cereals contain lots of dietary fiber, 
which is good for health, and is especially help-
ful for controlling plasma glucose in type 2 dia-
betes. The RRs of whole grain and cereal stud-
ies were similar, so it is feasible to combine 
them. 

In our study, a cohort study conducted by von 
Ruesten [11] was included at first but then 

excluded. In a sensitivity analysis, two studies 
showed a difference, but only von Ruesten’s 
study was deleted. The reasons are as follows. 
First, the way in which von Ruesten dealt with 
whole grain intake was different from the other 
cohort studies that treated whole grain intake 
as a continuous variable and divided it into cat-
egories. The deleted study did not divide whole 
grain consumption into categories when doing 
the data analysis. Second, in the subgroup by 
gender, I2 from the group from von Ruesten was 
high, while I2 from the group with deMunter 

Figure 5. Forest plot by subgroup of different genders.
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Figure 6. Sensitivity analyses on whole grain and cereal intake and type 2 diabetes.

Figure 7. Forest plot by fixed model meta-analysis from which the study by von Ruesten was deleted.
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NSH I’s study in it was lower [13]. This means 
that deMunter NSH I’s study did not affect our 
study but von Ruesten’s did. Third, after delet-
ing the study by von Ruesten, the I2 changed 
greatly, but the combined RR changed only 
slightly. In conclusion, the study by von Ruesten 
had a great effect on the precision of the com-
bined RR in our study. Hence, von Ruesten’s 
study was deleted.

Conclusion

Whole grain and cereal intake are inversely 
associated with type 2 diabetes. A higher con-
sumption of whole grains or cereals can delay 
the occurrence of type 2 diabetes. 
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