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Whole Grain Food Definition Effects on
Determining Associations of Whole Grain Intake
and Body Weight Changes: A Systematic Review
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Within epidemiological and intervention studies, whole grain consumption has generally shown positive associations with reductions in markers
of overweight and obesity. However, studies use varied methods of determining whole grain intake, including different definitions of a whole
grain food, which may explain varied results. This systematic review aimed to identify how different methods of reporting and calculating whole
grain intake, including whole grain food definitions, affect reported associations between whole grain intake and body weight measures in
adults. Systematic searching of PubMed, Scopus, Cumulative Index to Nursing and Allied Health Literature (CINAHL), Cochrane Central Register for
Controlled Trials (CENTRAL), and MEDLINE (all years to 11 June, 2020) identified eligible studies. Cohort and cross-sectional studies assessing whole
grain intake and body weight measures in adults were included. Studies that did not specify methods used to calculate whole grain intake were
excluded. Twenty-one cross-sectional studies (from 24 articles) and 9 prospective cohort studies (from 7 articles) were included in the review. Many
cross-sectional studies showed whole grain intake was, to some degree, significantly associated with body weight measures, whereas associations
varied greatly among cohort studies. Studies calculating whole grain intake using total grams of intake, USDA databases, or >25% whole grain in
combination with listing specific foods, showed consistent beneficial effects of increasing whole grain intake on body weight. Studies with general
lists of foods included as “whole grain foods” or lower cut-offs for whole grain content were inconsistent. The majority of studies reported whole
grain intake as servings/day or grams whole grain/day. This review suggests that an association between whole grain and body weight measures
remains likely, although precise associations are difficult to determine due to heterogeneity in methodologies and an inability to formally compare
studies. Moving forward, application of a standardized methodology to calculate whole grain intake is essential. Adv Nutr 2021;12:693-707.
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Introduction

The prevalence of overweight and obesity worldwide is
currently at an astounding high, with an estimated 1.9 billion
adults (39%) above a healthy weight in 2016 (1). This is
concerning as overweight and obesity are associated with
cardiovascular risk factors and cardiovascular disease (CVD)
(2-5). The consumption of particular dietary patterns,
namely the “prudent/healthy” dietary pattern (typically high
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in fruit, vegetables, whole grains, fish, and poultry) and indi-
vidual dietary components within this pattern, are associated
with reductions in the risk of obesity and CVD (6, 7).
Epidemiological and intervention studies have identified
positive associations of whole grain consumption with re-
ductions in the markers of overweight and obesity, including
body weight, BMI, body fat percentage, waist circumference
(WC), and weight gain (8-11). Systematic reviews and
meta-analyses support positive associations of whole grain
intake and body weight measures in observational trials
(12), randomized control trials (13), and more recently in a
combination of both (14). However, a recent meta-analysis
on controlled trials reports conflicting evidence in which
whole grain intake did not affect any measures of obesity
(15). It is thought these results differ to previous reviews due
to the exclusion of quasi-experimental studies and studies
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administering individual whole grain foods. The authors
reason that individuals do not consume individual foods in
their usual diet but rather follow dietary patterns.

It is also possible that the calculation of whole grain
intake may be flawed, or at least inconsistent (16). In the
absence of formal whole grain definitions by some agencies
(including the FDA and USDA), variation in the definition
of what constitutes a whole grain food is further problematic.
For example, studies may specify a minimum proportion of
whole grain in foods to be met (17, 18), some include bran
despite not meeting recognized whole grain definitions (19,
20), whereas others include any amount of whole grain from
any food (21, 22). Across the breadth of literature, there is no
consideration for variations in whole grain food definitions
between studies, despite acknowledgment that this omission
may contribute to study weaknesses (12, 14). Recently, a
secondary analysis of national dietary intake data in Australia
identified a decrease in the calculation of whole grain intake
of <8 g/(10 MJ.day) in adults when only contributions from
foods meeting a precise definition were used in estimations,
compared with measurements of absolute grams of intake
(23). Furthermore, whole grain intake is often reported as
serves per day, where whole grain content of a single serve
varies depending on the food item. For example, a serve of
30% whole grain breakfast cereal contains less whole grain
than a serve of porridge, as the porridge is made from
100% whole grain. Despite differing whole grain contents,
the serves of each product are often viewed and treated
equally. The impacts of utilizing these varied definitions on
determining outcome effects is not clear. Therefore, the aim
of this review was to investigate whole grain intake and body
weight changes with a focus on methods of calculating whole
grain intake. Specifically, this review attempts to identify
how whole grain food definitions affect reported associations
between whole grain intake and body weight measures in
adults.

Methods

This review was reported according to the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statements (24) (Supplemental Table 1) and was
guided by the Conducting Systematic Reviews and Meta-
Analyses of Observational Studies of Etiology (COSMOS-
E) guidelines (25). This review was registered in the
International Prospective Register of Systematic Reviews
(PROSPERO) in July 2019 under registration number
CRD42019135244.

Search strategy

Electronic databases including PubMed, Scopus, Cumulative
Index to Nursing and Allied Health Literature (CINAHL,
via EBSCO), Cochrane Central Register for Controlled
Trials (CENTRAL), and MEDLINE (via EBSCO) were
systematically searched (all years to 19 June 2019, updated
11 June 2020). Search terms involved free text terms, subject
headings (including Medical Subject Headings [MeSH]) and
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associated synonyms with no restrictions based on publi-
cation date or language. The following search terms were
applied: wholegrain, whole grain, whole cereal, wholemeal,
whole meal, whole wheat, body weight, weight gain, weight
loss, body mass index, BMI, waist circumference (WC),
obese, obesity, overweight, waist to hip ratio (WHR), waist
to height ratio, body fat, abdominal fat, and adipose tissue.
Supplemental Table 2 illustrates an example of the search
strategy utilized in PubMed. Reference lists of eligible studies
were searched.

Selection criteria

Inclusion criteria were: I) study population consisted of
adults aged >18 v, of any sex, with or without pre-existing
conditions (e.g. diabetes, CVD, or cancer) and within
normal, overweight, or obese BMI ranges. 2) Cohort or
cross-sectional studies comparing whole grain intake to
no or low whole grain intake. Studies did not have to
specify intake was derived from “whole grain foods” for
inclusion but were required to define methods for calculation
of whole grain intake. Studies investigating only dietary
patterns that considered whole grain intake were excluded
if the whole grain component could not be isolated from
other components of the dietary pattern (for example the
Mediterranean diet). 3) Studies that assessed whole grain
intake or dietary patterns against body weight measures
(body weight, BMI, WC, hip circumference, WHR, waist
to height ratio, body fat percentage, and adipose tissue
measures). Studies investigating metabolic syndrome (MetS)
were initially included as WC is a known component (26), but
were excluded if WC could not be isolated from other MetS
components. The following exclusion criteria were applied:
1) study population aged <18 y (“children,” “adolescents,”
or “pubescent”). 2) Studies did not specify methods used
to calculate whole grain intake or define whole grain/whole
grain foods. 3) Studies used refined grain intake as the
sole comparator. 4) Where anthropometric outcomes were
reported according to whole grain intake only at baseline
of cohort studies as a characteristic of the population. 5)
Controlled trials and duplicates of the same study. Controlled
trials were not included in this review as participants in these
studies typically consume whole grain over short periods of
time.

Study selection

The title and abstract of articles were screened independently
by 2 review authors (1 author screened all articles [KRK],
with 2 authors each completing half the duplicated screen
[EPN and EJB]). Screening excluded studies investigating
whole grain intake against other conditions, e.g. diabetes,
CVD, or cancers, unless a measure of body weight was
explicit in the title or abstract. Following this, full texts
of potentially eligible articles were assessed independently
by all authors (using the same method as title/abstract
screening). For articles in a language other than English,
Google Translate (27) was utilized prior to screening of the



full text. Discrepancies at each screening stage were resolved
through discussion with all review authors.

Where study duplicates were found, all relevant articles
were thoroughly checked to avoid inadvertent exclusion.
In the case that an outcome from 1 study was reported
across multiple articles, the most recently reported article was
included. If multiple articles were based on the 1 study but
reported differing outcomes, all articles were included. Due
to large heterogeneity between study methodologies, a meta-
analysis was not feasible.

Data extraction

Data from eligible studies were extracted by a single review
author (KRK) and summarized into separate tables based
on study design (cross-sectional and cohort). The following
data was extracted into summary tables: article citation,
country, name of study/cohort, number of participants, sex,
age range, number of data groups (if relevant), method
of dietary intake collection, whole grain food definition
utilized, whole grain reporting method, quantifiable whole
grain intake for exposure/comparator groups, outcome of
interest, results relating to outcome (including P value), and
the covariates used within analysis. Information pertaining
to potential confounders were extracted, including dietary
fiber intake (including different types); total energy intake
and other sources of energy such as alcohol; and dietary
habits, considered through intake of specific food groups.
Data based on the most adjusted model was utilized. The
principal outcome measures consisted of §-coeflicients for
continuous data, and a combination of ORs, RRs, and means
for categorical data. In the case of missing data or need
for clarification, authors were contacted, and articles were
excluded where no response was received.

Quality assessment

Two separate adaptations of the Newcastle-Ottawa Scale
(NOS) (adapted for cohort and cross-sectional studies)
were utilized by 2 authors for the quality assessment of
eligible studies. The NOS tool assesses quality based on the
selection of study groups, comparability of study groups, and
ascertainment of the outcome of interest. For cohort studies,
adaptations were made based on the original NOS (28),
whereas for cross-sectional studies amendments were made
to the adaptation by Herzog et al. (29). Key adjustments to the
NOS tools were made to ensure applicability to the studies
included in this review, particularly adjustment for energy
intake (see Supplemental Material 1 for further details).
Discrepancies between authors for quality were resolved
through discussion. A maximum of 8 and 9 stars can be
achieved for cohort and cross-sectional studies, respectively.
Studies obtaining 8/9 stars were considered of highest quality,
whereas studies obtaining no stars were considered of lowest
quality.

Records identified through
database searching
(n=6675)
| Duplicates removed
(n=3995)
Y
Records screened by title
and abstract
(2 =2680)
» Records excluded
(n=2454)
Y
Full text articles assessed
for eligibility
(2=226) . .
Full-text articles excluded with
reasons (2 = 195)
| * Does not report/cannot isolate
effects of WG (2 =78)
A 4  Not cohort/cross-sectional study
o X design (n=42)
Studies included in « Does not report associations with
qualitative synthesis outcome of interest (2 = 35)
(2=30 [31 articles])  Does not define WG (1 = 12)
* WG intake not a quantitative
measure (2 =13)
* Conference abstract only (2 = 6)
* Replicate cohort data (2 =3)
* Not appropriate study population
(n=2)
¢ Unable to contact author/unable to
determine from author contact
(n=2)
¢ Could not recover full text (1 = 2)

FIGURE 1 PRISMA flow diagram for systematic review study
selection. WG, whole grain.

Results

Study characteristics

Initially, 6675 articles were returned, with 2680 articles
screened by title and abstract after the removal of duplicates.
After full-text assessment of 226 articles, 30 studies, across
31 articles were eligible. Primary reasons for exclusion at
full-text assessment included not reporting or isolating the
effects of whole grain, study design not cohort or cross-
sectional, not reporting associations with the outcome of
interest, whole grain intake not reported as a quantitative
measure, and not defining whole grain foods where they were
used in the determination of intake (Figure 1).

Each eligible article reported data based on a single
study cohort with the exception of Mozaffarian et al. (30),
where 3 separate study cohorts were reported. Furthermore,
a small number of articles reported different, but relevant,
outcomes based on the same study cohort (31-36). Of the
30 studies, 21 had a cross-sectional study design (from
24 articles; Table 1) and 9 were of prospective cohort design
(from 7 articles; Table 2). Studies were conducted in the USA
(18, 30, 33, 34, 37-46), Scandinavian countries (47-51), Iran
(31, 32,52), the UK (35, 36, 53), Spain (54, 55), Australia (56),
France (57), Greece (58), and the Netherlands (59). Most
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Covariates used
in analysis4

A, BMI, SI, PA, Al, Sm, TV, F, D, PC,
RG, SSB, Sw, PM, M, E(trans fat), Fr

Pvalue
0.0002
<0.001
<0001
<0001

vs. Q5

1.00

~0.80,-0.27)
4-y change: ~0.96 (95% Cl
-1.20,-071)

Results
4-y change: -0.53 (95% Cl

12y ORQ1

)

BMI =30

Outcome

Weight change (kg) per  4-y change: -0.93
1 serving increase

Obesity (I

High whole
grain intake
kcal/d change

grain intake
kcal/d change

Low/no whole
-0.59 servings/1000  +0.90 servings/1000

Whole grain
food grain
reporting

method
Servings/d

t cereal, cooked

food grain
food definition3

Whole grain
brown rice, cold

brea
bread, wheat germ

dietary intake
collection

Method of
FFQ (semiquantitative) List specific foods: bran,

Number
of intake
groups

Agey
522°
3750
508°

50,422 (F)
47,898 (F)

2
=
3
I
o
q

grain or bran by weight are classified as whole grain.
4 Covariates included in analysis: Age (A), alcohol intake (Al), baseline BMI (BMI), caffeine intake (Caf), dairy intake (D), dietary fiber intake (DF), energy intake (E), education (Ed), energy from trans fat intake (E[transfat]), fruit intake (F), fast food intake (FF), fried food intake (Fr), use of hormone replacement therapy (HRT), history of high cholesterol

(HxCh), history of hypertension (HxHTN), intervention group (Ig), meat intake (M), monounsaturated fat (MF), multivitamin use (MV), olive oil intake (OO), physical activity (PA), potato chips/potato intake (PC), polyunsaturated fat (PF), processed meat intake (PM), protein intake (Pro), refined grain intake (RG), sex/gender (S), sedentary behavior

(Se), saturated fat intake (SF), sleep duration (SI), smoking status (Sm), sugar-sweetened beverages/soft drink (SSB), sweets/desserts intake (Sw), television viewing (TV), trans fat intake (TF), type 2 diabetes prevalence at baseline (T2DM), vegetable intake (V), baseline waist circumference (WC), baseline weight (wt).

5 presented as mean age

(1986-2006)
(1986-2006)

Study cohort
Nurse’s Health Study (NHS)

Nurse’s Health Study Il (NHS
Follow-up Study (HPFS)

Country
USA

(Continued)

(30)

1 Q1, quartile/quintile 1; Q4, quartile 4; Q5, quintile 5; ref, reference category; T1, tertile 1; T3, tertile 3; WC, waist circumference; WG, whole grain.

2\, male; F female.
3 Jacobs' definition: breakfast cereals that contain >25% whole

TABLE 2
Mozaffarian et al

Article

studies included both male and female participants (n = 22),
however, 3 studies were comprised of males only (30, 39,
45), whereas 5 studies included females only (30, 38, 46, 48).
Of the prospective cohort studies, years of follow-up ranged
from2to 20 y.

Studies reported a variety of body weight measures.
In cross-sectional studies, the most prevalent outcomes
included BMI (n = 10), WC (n = 6), obesity (n = 5),
overweight/obesity (n = 3), abdominal adiposity (n = 3),
weight (n = 3), overweight (n = 2), subcutaneous adipose
tissue (SAT) (n = 2), visceral adipose tissue (VAT) (n = 2),
and WHR (n = 2). In prospective studies the most prevalent
outcomes were weight gain (n = 3), weight loss (n = 2),
and weight change (n = 2). Furthermore, 6 cross-sectional
studies (39, 44, 47-49) investigated reverse associations of
whole grain intake determined by body weight measures.

Across studies, the method for reporting whole grain
intake and the definition used to describe whole grain
foods varied significantly. Whole grain foods were defined
according to the USDAs My Pyramid Equivalent Database
or Food Pattern Equivalent Database across 4 studies (18,
37, 38, 43). Fifteen studies (30, 33, 39, 47-52, 54, 55, 58, 59)
listed specific foods to include as whole grain (with great
variation of foods among these studies). In conjunction with
listing specific foods, 7 studies (31, 32, 34, 40-42, 45, 46)
also utilized a definition initially proposed by Jacobs et al.
(20), which includes foods with >25% whole grain or bran.
Additionally, 1 study defined whole grain foods as those
containing >10% whole grain on a dry weight basis (53),
and 1 study defined whole grain foods as those where whole
grain is listed as the first ingredient on the product packaging
(44). Finally, 3 studies did not utilize a whole grain food
definition, but rather included all amounts of whole grain
from any food (absolute amount) (35, 36, 56, 57). It is of
note that 1 study (reported across 2 articles) (33, 34) utilized
2 different whole grain food definitions. The majority of
studies reported whole grain intake as grams of whole grain
per day (35, 36, 41, 43, 47, 50, 51, 53, 56, 57, 59) or servings
perday (18,30, 33,34, 38,41, 42, 44-46, 52), although serving
sizes were not consistent and did not contain equal whole
grain amounts. Some studies specified the serving size as
those indicated in the USDA databases, others described or
provided examples of a serving size for 1 or more included
foods, whereas others did not report serve size at all. Other
methods included grams of whole grain food per day (31, 32,
39, 49, 54, 55, 58), slices of whole grain bread per day (48),
ounce equivalents per day (37), and servings per week (40).

Few studies accounted for other factors that may influence
body weight measures in their analyses. Five articles ac-
counted for total dietary fiber intake (38, 40, 42, 54, 55) where
1 additionally accounted for fiber from non-bread sources
(55). Two articles accounted for cereal fiber intake (36, 56), 11
articles accounted for intake of various food groups (31, 32,
34,39,40,42,47,49, 50, 56, 59), 21 accounted for total energy
intake (18, 31-34, 36-43, 46, 50, 54-59), and 12 accounted for
alcohol intake (38-43, 45-47, 49, 54, 56). Only 3 studies (40,
42, 56) accounted for all of these factors within the analyses
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exploring whole grain intake and body weight measures.
Some studies considered these factors outside the context of
whole grain intake and body weight measures, for example,
associations between dietary fiber (41, 59) or specific food
groups (30, 52) with body weight measures.

Overwhelmingly, whole grain intake was significantly
associated with body weight measures to some degree.
Although this was generally consistent across methods for
the calculation of whole grain intake, inconsistent results
tended to be where only a list of “whole grain foods” was
used, or in the study (53) that defined whole grain foods
as containing >10% whole grain (Table 3). Particularly in
cross-sectional studies, significant inverse associations were
found among all relevant studies for WC, overweight/obesity,
and VAT (32, 33, 37, 38, 42, 43, 56, 57), although the
classification of whole grain foods varied among the studies
under each of these outcomes. For instance, studies assessing
WC identified whole grain foods based on the definitions in
the USDAs My Pyramid Equivalent Database and/or Food
Pattern Equivalent Database (37, 38,43), using a combination
of Jacobs’ definition and listing specific foods, where the
specific foods listed differed (32, 42), or included the absolute
grams of whole grain consumed (56). Interestingly, these
studies all accounted for total energy intake in analyses, with
some additionally accounting for alcohol intake, whereas
only those utilizing the latter 2 definitions accounted for
intake of specific food groups. The reporting of whole grain
intake differed greatly across these studies such that oz
eq/d, servings/d, g WG/d, and g WG food/d were reported.
Nonetheless, methods using USDA databases or a 25%
whole grain cut-off and lists of foods appeared consistent in
demonstrating associations. Of note, lists of foods included
bran, which does not meet accepted definitions of whole
grain.

Additionally, significant inverse associations were present
for the majority of studies investigating BMI. In 1 study by
McKeown et al. (41), no significant associations were found
when analyzing whole grain intake as servings per day (Q1
26.8 compared with Q4 25.8, P = 0.08), although when
analyzing whole grain intake as grams per day a significant
inverse association was present (Q1 26.9 compared with Q4
25.4, P = 0.006). In contrast, the 2 studies that did not show
significant associations with BMI included absolute grams of
whole grain intake in their analysis (36, 56). These studies
accounted for both energy intake and cereal fiber. Only
1 of these studies showed significant associations with BMI
prior to adjustment for cereal fiber intake (56). All other
positive studies utilized a definition of whole grain foods
that may have restricted the amount of whole grain included
in analysis. Only some of these studies considered intake of
specific food groups (4/10 studies) and dietary fiber (3/10
studies) as potential confounders. Conflicting evidence was
present for the remaining outcomes including overweight,
obesity, abdominal adiposity, SAT, weight, and WHR.

Considering the reverse association, varying evidence
emerged for associations of whole grain intake determined
by body weight measures. In the studies by Kyre et al. (47)

702 Kissock et al.

and Egeberg et al. (49), an increase in BMI for males and an
increase in WC, respectively, was associated with lower whole
grain intake. Both studies accounted for intake of alcohol
and specific food groups. In addition, Bakken et al. (48) and
Andersen et al. (51) found that those in a lower BMI range
had greater odds of high whole grain intake, whereas no clear
trends between BMI category and whole grain intake were
seen in Kimokoti et al. (39).

Prospective cohort studies showed greater variation in
associations than cross-sectional data. Significant inverse
associations were found between whole grain intake and
8-y weight gain, but not for 13-y weight gain in Bazzano et al.
(45). Bautista-Castano et al. found no significant associations
with weight gain (54), whereas Hosseini-Esfahani et al.
(52) showed reduced odds of weight gain with increased
whole grain intake, although significance was not reported.
Again, variation in the method of calculating whole grain
intake was present, such that Bazzano et al. (45) utilized
Jacobs’ definition, whereas Bautista-Castano et al. (54) and
Hosseini-Esfahani et al. (52) listed specific foods to be
included in the calculation. Further differences in reporting
whole grain and confounding factors in analyses were
identified. Bazzano et al. (45) and Hosseini-Esfahani et al.
(52) reported whole grain as servings/d and did not account
for additional factors influencing body weight measures,
whereas Bautista-Castano et al. (54) reported intake as
grams of whole grain food/d and accounted for total energy
intake in analyses. Bautista-Castano et al. (54) also found
no significant associations between whole grain intake and
weight loss, although interestingly, Hosseini-Esfahani et al.
(52) found a decrease in odds of weight loss with an increase
in whole grain. Both these studies list specific foods to be
included in the whole grain intake calculation, although they
vary greatly among their included foods. All other outcomes
were assessed within a single study and therefore, the results
cannot be compared.

In summary, significant associations with reduced body
weight measures were found in studies including whole grain
foods defined by USDA food databases in the calculation of
whole grain intake, and in the majority of studies utilizing
Jacobs” definition in conjunction with listing specific foods.
However, there is great variation in associations among
studies that list only specific foods to be included in
estimations of whole grain intake.

Quality assessment

Following assessment using modified NOS tools, study
quality among cross-sectional studies ranged from 3-7 stars
out of a possible 9 stars, with the majority (n = 21) indicating
moderate to higher quality (5-7 stars). Study quality among
cohort studies ranged from 2-7 stars out of a possible 8 stars,
with a large proportion (n = 6) of lower quality (2-4 stars)
(Supplemental Table 3-6).

Discussion
Overall, this review confirms the results of previous reviews
in that an association between whole grain intake and body
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weight measures is likely, with significant associations noted
in the majority of studies. We aimed to build on previous
reviews by considering the role of different methods of
calculating whole grain intake and the effects on associations
with body weight outcomes. Our findings highlight that
determining the extent of these associations is limited
firstly by the large heterogeneity related to methods of
calculating and reporting whole grain intake, particularly in
defining whole grain foods and serves, and secondly a lack
of comprehensive consideration for other potential factors
influencing associations with body weight.

Previous reviews on this topic also suggest that whole
grain intake has beneficial associations with body weight
measures. Specifically, Harland & Garton (12) found that
within observational studies, high whole grain consumers
had a BMI 0.630 kg/m? lower and a 2.7 cm decrease in WC
in comparison to low whole grain consumers (P = 0.0001
and P = 0.03, respectively). Similarly, Maki et al. (14)
found a significant inverse association with BMI (-0.0141
kg/m? per g WG/d, P = 0.0001) among cross-sectional
studies, and a general inverse association with weight change
among prospective cohort studies with follow-up periods
ranging from 5 to 20 y. However, these effects are less
prominent among controlled trials, where Maki et al. found
nonsignificant associations with weight change (-0.049 kg,
P =0.698) or BMI in controlled trials <16 wk in intervention
length. Additionally, Sadeghi et al. (15) found nonsignificant
associations in randomized control trials with body weight,
BMI, WC, body fat percentage, fat mass, and fat-free mass.
This conflicts with evidence presented in Pol et al. (13),
where even though no associations with body weight were
found (weighted mean difference [WMD] 0.06, P = 0.45), a
small association with body fat was indicated (WMD -0.48%,
P =0.04). It is important to note that Pol et al. (13) was based
on earlier study publications and as a result may not reflect
the current body of evidence. Conflicting evidence among
these reviews may be linked to the use of different whole grain
food definitions and this is acknowledged by authors (12, 14).
Similar limitations are discussed among systematic reviews
and meta-analyses of observational studies investigating
whole grain intake among other outcomes including CVD,
type 2 diabetes mellitus, cancer, and mortality (60-63).

Previous reviews have highlighted the variation in whole
grain food definitions between studies. Multiple studies have
acknowledged the difficulty in assessing the influence of
differing definitions of whole grain foods on results, where
US studies tend to use Jacobs' definition, and European
studies generally do not provide a definition (60-62). Study
heterogeneity, where most studies reported intake as the
amount or frequency of whole grain food or product
(including water content) is also noted, with few reporting
intake as the actual amount of whole grain (dry weight)
(61, 62). Only 1 past review aimed to reduce heterogeneity
between studies through calculations and assumptions to
standardize intake as grams of whole grain per day (62).
Furthermore, some authors acknowledge that it may be
difficult to consistently define and precisely estimate the
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intake of whole grain in observational studies leading to
underestimation of the magnitude of associations (63).

The issues identified within past work and the cur-
rent review have significant implications for both research
methodologies and public health recommendations, as
conclusions and recommendations drawn may vary due to
study heterogeneity; particularly the variation in definitions
used and assessment of other factors impacting body weight
such as dietary habits. This is problematic as guidelines and
recommendations depend on conclusions from these studies
which are not necessarily comparable.

Many definitions specify a minimum proportion of whole
grain, such as Jacobs’ definition, where studies using these
definitions often explore serves of intake against health
outcomes. However, both a food containing 100% whole
grain or only the minimum proportion of whole grain
(such as 25% with the Jacobs definition) are included
equally as a “serve” of whole grain, and therefore the results
become muddied. This is problematic as firstly, whole-grain-
containing foods that are not classified as a “whole grain
food” (such as a bread containing 20% whole grain when
utilizing Jacobs’ definition) are potentially consumed in large
amounts and may contribute significantly to whole grain
intake, and this intake is not counted. Secondly, this type
of classification can affect public health messaging, implying
that even a food lower in whole grain (but meeting a
definition such as 25% whole grain) is an ideal food. It may
be erroneous to encourage intake of these “serves” due to the
overall nutrient profile of the food. Generally, the lower the
percentage of whole grain, the increased likelihood of greater
refined grain or deleterious components, such as sugar or
saturated fat. Similarly, including absolute grams of whole
grain captures whole grain intake from any food, and there
is no consideration for the intake of deleterious components,
which may be present in these foods. Irrespectively, using
absolute grams of whole grain intake would allow for
comparison of the values between studies, and potentially
deleterious components can be adjusted for in analyses. In
public health messaging, regulation can ensure whole grain
claims are not allowed on “unhealthy” foods.

Another important consideration is the inclusion of bran
in whole grain calculations despite not meeting recognized
definitions of whole grain. As bran itself has shown beneficial
associations with a variety of health outcomes (64-67), the
studies utilizing this definition are measuring the combined
effects of whole grain and bran on health associations.

In addition, differences in study outcomes are likely
attributed to varied consideration for other influences on
body weight measures. Dietary fiber is consistently shown
to reduce body weight across studies (68), however, it is
important to differentiate these effects by fiber source and
potentially fiber type. Fiber derived from whole grain is
associated with favorable effects on various body weight mea-
sures, however, fruit fiber, vegetable fiber, and other sources
of cereal fiber also contribute to these effects, potentially in-
consistently (69). Although different fiber types are shown to
have different physiological effects (70), the studies included



in this review mostly lack this consideration. Whole grain
source is relevant to the types of fiber, which could include
varied amounts of soluble and/or insoluble fiber. Here, only
2 articles (36, 56) accounted for the effects of cereal fiber in
general, let alone the type of fiber. As expected, adjustment
for cereal fiber attenuated associations with BMI and WC in
an Australian cohort,and WHR in a UK cohort. Interestingly,
associations with BMI within the UK cohort were strength-
ened, highlighting that something greater than the cereal
fiber component within the whole grain may be responsible
for these associations. Future studies should investigate
effects differentiated by whole grain type due to varied quality
and composition, particularly in fiber quantity and type.

Furthermore, associations can be influenced by dietary
habits where intake of specific food groups may positively
or negatively affect outcomes. For instance, the intake
of vegetables is associated with decreased weight-related
outcomes (71), whereas the intake of red meat is associated
with an increase (72). Adjustment for energy intake was
undertaken in the majority of included studies, although
several studies did not make this adjustment. Failure to
remove variation resulting from total energy intake can
weaken associations (73).

Moving forward, a standardized approach including
reporting the method of whole grain intake calculation and
definitions of whole grain foods applied, is needed. As previ-
ously suggested in Ross et al. (74), for research, the intake of
whole grain should be reported in grams of whole grain and
on a dry weight basis, to enable better comparisons between
studies and potentially lead to stronger meta-analyses. There
is a strong need for the uptake of universal standards around
the definition of a whole grain for greater consistency. Use
of whole grain food definitions, serves of whole grain, and
consideration of nutrient profile requirements for health
labels may be better used to direct public health advice.
Grams of whole grain does not necessarily translate well to
public health messaging.

Strengths within the current study include data based
on large sample sizes increasing generalizability to a broad
population, and a systematic methodology to capture eligible
studies and limit reporting bias. Limitations are primarily
related to the study designs included. Firstly, there were a
limited number of cohort studies investigating the effects of
whole grain on body weight over time. However, numerous
cross-sectional studies were included where associations are
based upon a single time point and may not truly reflect
causal effects. In addition, a large proportion of the included
studies, particularly prospective cohort studies, used self-
reported body weight measures, noted as an indicator of
poorer quality. Bias related to participant reporting may
be present and subsequently impact associations. Finally,
as discussed earlier and within other studies (12, 14), the
apparent association between whole grain intake and weight
status may be due to residual confounding. It is often shown
that those consuming whole grain have better dietary and
lifestyle habits, which in turn may be the driving force
influencing weight status.

Conclusion

It is evident that there is great inconsistency among studies
in reporting and calculating whole grain intake, specifically
defining whole grain foods. As such, observed associations
of whole grain intake with health outcomes has the potential
to be impacted by the heterogeneity in methods used. The
evidence continues to support associations of increased
whole grain intake with improved body weight measures.
Further research applying a standardized methodology to
calculate whole grain intake, which is defined by recognized
groups, will assist the development of conclusions and rec-
ommendations based on sound evidence. Historical methods
used in large cohort or cross-sectional studies must also be
reconsidered.
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