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Abstract

Background and 
Aims

Evidence suggests that higher whole-grain intake is associated with lower cardiometabolic disease risks, but 
underlying mechanisms remain unclear.

Methods Randomized trials evaluating the effects of whole grains on cardiometabolic risk factors were included. 
Random-effects meta-analyses were used to estimate mean differences (MDs) with 95% confidence intervals 
(CIs) per 48 g/day increment of whole grains (dry weight; equivalent to ∼90 g or 3 servings of fresh weight).

Results Eighty-seven trials (101 publications) were included. Each 48 g/day whole-grain intake was associated with re
ductions in body weight (MD: −.20 kg; 95% CI: −.31 to −.09; n = 41), waist circumference (−.22 cm; 95% CI: 
−.39 to −.06; n = 27), total cholesterol (−.10 mmol/L; 95% CI: −.13 to −.07; n = 54), and interleukin-6 (MD: 
−.12 pg/mL; 95% CI: −.23 to −.00; n = 12), with high certainty; low-density lipoprotein cholesterol 
(−.07 mmol/L; 95% CI: −.10 to −.05; n = 52), triglycerides (−.04 mmol/L; 95% CI: −.06 to −.02; n = 52), fasting 
plasma glucose (−.03 mmol/L; 95% CI: −.06 to −.00; n = 44), and systolic blood pressure (−.82 mmHg; 95% CI: 
−1.49 to −.15; n = 32), with moderate certainty. Non-linear analyses indicated greatest effects at 60–100 g/day 
for most outcomes, but at higher intakes (up to 180–220 g/day) for a few outcomes.

Conclusions Whole-grain intake was associated with improvements in multiple cardiometabolic risk factors, with larger ef
fects generally observed at intakes of ∼60–100 g/day. However, the certainty of evidence varied across out
comes, and sparse data at higher intake levels limit firm conclusions regarding dose thresholds.
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Structured Graphical Abstract

What is the dose-response relationship between whole-grain intake and cardiometabolic risk factors in adults?

Increasing whole-grain intake to around 60–100 g/day (~115–190 g fresh weight) may improve several cardiometabolic risk factors, 
Supporting current dietary recommendations. 

Key Question

Key Finding
In 87 randomized trials (101 publications), each 48 g/day dry weight (~90 g/day fresh weight) increase in whole grains improved multiple 
cardiometabolic risk factors, with the greatest benefits generally observed at 60–100 g/day, particularly for lipids, blood pressure, and insulin resistance.

Take Home Message

Study design

Supports whole-grain intake for cardiovascular risk reduction

ImprovesEvery 48 g/day dry weight (~90 g/day fresh weight, 3 servings/day)
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Cl, con�dence interval; CRP, C-reactive protein; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA1c, glycated haemoglobin; HDL-C, high-density lipoprotein 
cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance; IL-6, interleukin-6; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; RR, risk 
ratio

Naghshi S, et al, European Heart Journal.

Dose–response meta-analysis of 87 randomized trials showing that each 48 g/day increase in dry-weight whole-grain intake im
proved several lipid, glycaemic, adiposity, blood-pressure, and inflammatory risk factors, with the largest benefits for most outcomes 
generally observed at intakes of ∼60–100 g/day.
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Introduction
Cardiometabolic diseases are a cluster of disorders, including 
cardiovascular disease (CVD) and type 2 diabetes.1 CVD is of 
great interest because it remains the leading cause of premature 
mortality and a major cause of health loss globally.2,3 According 
to the World Health Organization (WHO), CVD is expected to 
account for 22.2 million deaths per year by 2030.4

A healthy diet is associated with improvement in cardiometa
bolic risk factors.5 Whole grains, an essential component of 
healthy dietary patterns,6 are rich in cardioprotective com
pounds that support long-term health.7,8 Additionally, whole 
grains play a central role in feeding the world’s projected popu
lation of ∼9.6 billion people by 2050.9 Despite these benefits, 
low intake of whole grains remains a leading dietary risk factor 
contributing to mortality and disease burden.10

Evidence from prospective cohort studies and randomized 
controlled trials (RCTs) suggests a link between high whole-grain 
intake and a reduced risk of chronic disease.11 Well-designed 
dose–response meta-analyses of cohort studies have reported 
that higher whole-grain consumption is linked to a reduced 
risk of type 2 diabetes, hypertension, coronary heart disease 
(CHD), CVD, total cancer, and mortality, with the maximum 
risk reduction for most outcomes observed at around 210– 
225 g/day, equal to seven to seven and a half servings a 
day.11–16 Although epidemiological studies are relatively con
sistent in showing benefits of whole grains on cardiometabolic 
risk, the effect of whole grains on cardiometabolic risk factors, 
which may mediate associations with hard outcomes, has been 
less clear in RCTs. For example, two meta-analyses of RCTs 
found no significant effect of increased whole-grain intake on 
body weight measures,17,18 while another meta-analysis only 
found small effects on blood lipids.19 Thus, clarification of the 
impact of whole grains on a wide range of cardiometabolic risk 
factors could fill this important knowledge gap.

Previous meta-analyses of whole-grain RCTs11,17–27 have fo
cused primarily on traditional pairwise comparisons between 
intervention and control groups and ignored the prescribed 
amount of whole grain. Furthermore, none of them reported ef
fect estimates with consideration of minimally important differ
ence (MID) thresholds, which provide an appropriate clinical 
interpretation of changes on a numerical scale.28 Previous 
meta-analyses also have other limitations, including the omission 
of several eligible studies17,21,23,24,29 and the inclusion of multiple 
publications from the same study.22,25,29 Other shortcomings in
clude the use of standardized mean differences (SMD) to com
bine continuous data, which is difficult to interpret,17,24 the 
occurrence of unit of analysis error in studies with multiple inter
vention groups,25 the omission of patient-important outcomes 
like quality of life and adverse events,17–27 and the lack of use 
of a valid approach to assess the credibility of the observed sub
group effects.17–27 Therefore, we conducted a systematic review 
and dose–response meta-analysis of RCTs on the effects of 
whole-grain consumption on cardiovascular risk factors in adults. 
We particularly wanted to clarify the strength and shape of the 
dose–response relationship between whole-grain consumption 
and cardiovascular risk factors. The results of the present study, 
together with the evidence already provided by dose–response 
meta-analyses of prospective cohort studies, may provide 
stronger evidence for food-based dietary recommendations.

Methods
This meta-analysis followed the recommendations in the Cochrane 
Handbook for Systematic Reviews of Interventions30 and reported 
findings according to the Preferred Reporting Items for Systematic 
reviews and Meta-Analyses (PRISMA) guidelines.31 The review 
protocol was registered on PROSPERO (registration number 
CRD42024565726).32

Literature search
A comprehensive search of PubMed, Scopus, Web of Science, 
CENTRAL (Cochrane Central Register of Controlled Trials), and 
Google Scholar was conducted until 1 November 2024 (see 
Supplementary data online, Table S1). Studies were included if 
they were: (i) RCTs (either parallel or crossover design) investigating 
the effect of whole grain (mixed or individually) consumption with or 
without caloric restriction; (ii) compared a diet rich in whole grain 
with low whole-grain diets, usual or conventional diets, routine 
care, or lifestyle and behavioural recommendations; (iii) conducted 
in adults aged ≥18 years, excluding pregnant women and individuals 
with critical conditions such as cancer; (iv) had a minimum interven
tion duration of 2 weeks; and (v) assessed one of study outcomes 
including measures of glycaemic control, blood lipids, adiposity, 
blood pressure, inflammation markers, quality of life, and adverse 
events. Detailed information on systematic search and criteria ap
plied for excluding studies is provided in Supplementary text S1.

Definition of eligible interventions
While there are various definitions for whole-grain foods,33,34 for 
the purposes of the present study, a grain was deemed whole if it 
contained all three parts of the original kernel, including bran, 
germ, and endosperm.

Outcomes
The primary outcomes were body weight (kg), low-density lipopro
tein cholesterol (LDL-C) (mmol/L), fasting plasma glucose (FPG) 
(mmol/L), and adverse events. Secondary outcomes included waist 
circumference (cm), body fat percentage, systolic blood pressure 
(SBP) (mmHg), diastolic blood pressure (DBP) (mmHg), glycated 
haemoglobin (HbA1c) (%), fasting insulin (pmol/L), homeostasis mod
el assessment of insulin resistance (HOMA-IR), high-density lipo
protein cholesterol (HDL-C) (mmol/L), total cholesterol (mmol/L), 
triglycerides (mmol/L), C-reactive protein (CRP) (mg/L), 
interleukin-6 (IL-6) (pg/mL), tumour necrosis factor alpha (TNF-α) 
(pg/mL), and health-related quality of life (HRQoL).

Data extraction and risk of bias assessment
Three investigators (S.N., S.K., and S.A.) independently reviewed and 
extracted relevant data from included studies. We assessed risk of 
bias of the trials using version 2 of the Cochrane risk of bias tool.35

Detailed information on data extraction and risk of bias assessment 
is provided in Supplementary Text S2 and Supplementary data 
online, Table S2. When at least 10 trials were available, subgroup ana
lyses were conducted. The Instrument to assess the Credibility of 
Effect Modification Analyses (ICEMAN) was used to determine the 
credibility of the observed subgroup effects.36

Data analyses
For pairwise meta-analyses, continuous outcomes were expressed 
as mean differences (MD) with 95% confidence intervals (CIs), while 
for adverse events, we calculated measures of relative (risk ratio) 
and absolute (risk difference) effects, together with their 95% CIs, 
using the number of events and non-events across study arms. 
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Absolute risk difference was calculated from the overall risk ratio 
and baseline risk using the formula: absolute risk difference = base
line risk × (risk ratio − 1). Pooled estimates were calculated using 
random-effects DerSimonian–Laird meta-analysis when the num
ber of studies was >5; for outcomes with ≤5 studies, pooled esti
mates were generated using random-effects restricted maximum 
likelihood (REML) models with the Knapp–Hartung correction. 
Heterogeneity between studies was evaluated with I2 and τ2 statis
tics. To assess the robustness of the findings, sensitivity analyses 
were performed. Publication bias was investigated by inspection 
of contour-enhanced funnel plots37 and formal testing using the 
Egger’s test.38,39 We also used the method described by Crippa 
and Orsini40 for linear and non-linear dose–response analyses. 
Non-linearity and the overall dose–response association were as
sessed using Wald-type tests. Analyses were conducted using 
STATA software, version 17. Detailed information on data analysis 
and protocol amendment is provided in Supplementary Text S3 and 
Supplementary data online, Tables S3–5.

Grading the evidence
We used the Grading of Recommendations Assessment, 
Development, and Evaluation (GRADE) approach to assess the 
overall certainty of the evidence and produce profiles in which evi
dence was graded as high, moderate, low, or very low certainty.41,42

We adapted a recently published GRADE minimally contextualized 
approach to rate imprecision based on MID thresholds.43,44

Accordingly, we considered whether the point estimate of effect 
size was greater than, less than, or equal to the MID, and whether 
the 95% CIs overlapped with that threshold. Point estimates larger 
than the MID thresholds were considered important, and those 
smaller than or equal to the MID were considered clinically irrele
vant/unimportant. A detailed description of the criteria used for 
GRADE certainty rating is presented in Supplementary Text S4.

Results
In total, 101 publications (87 studies) were included in the current 
systematic review and meta-analysis (see Supplementary data 
online, Figure S1). Of these articles, several were published on the 
same populations45–70; however, because they reported data on 
different types of cardiovascular risk factors, they were not consid
ered duplicates and were included in the analysis. The list of studies 
excluded through full-text assessment, with reasons for exclusions, 
is provided in Supplementary data online, Table S6. The main char
acteristics of included studies are summarized in Supplementary 
Text S5 and Supplementary data online, Tables S7–8.

Primary outcomes (pairwise meta-analyses)
Table 1 and Supplementary data online, Figures S2–6 present the 
summary estimates for the primary outcomes comparing whole 
grain interventions (with varying daily doses across studies, typic
ally ranging from ∼12–213 g/day dry weight) with their respect
ive control groups (which included low-whole-grain diets, usual 
diet, routine care, and refined grain comparators). A 
random-effects pairwise meta-analysis yielded an important re
duction, greater than the MID threshold, in LDL-C (MD: 
−.13 mmol/L; 95% CI: −.17 to −.08; I2 = 57.9%; n = 69 trials 
and 5932 participants; moderate certainty evidence), as well as 
clinically irrelevant reductions in body weight (MD: −.51 kg; 
95% CI: −.72 to −.30; I2 = 40.4%; n = 60 trials and 4390 partici
pants; high certainty evidence) and FPG (MD: −.07 mmol/L; 
95% CI: −.13 to −.02; I2 = 69.3%; n = 62 trials and 4728 

participants; moderate certainty evidence). The findings of the 
adverse events, with low certainty evidence, are provided in 
Supplementary Text S6 and Supplementary data online, Table S9.

Secondary outcomes (pairwise 
meta-analyses)
Table 1 and Supplementary data online, Figures S7–20 present 
the effect of whole-grain consumption on the secondary out
comes. Whole-grain interventions (with daily dry-weight doses 
ranging from ∼12 to 213 g/day across studies) were compared 
against control conditions that included low whole-grain diets, 
usual or routine care, and refined-grain comparators. In terms 
of adiposity measurements, whole grain consumption led to a 
clinically irrelevant change in waist circumference (MD: 
−.60 cm; 95% CI: −.98 to −.22; I2 = 54.8%; n = 38 trials and 
3207 participants; high certainty evidence) compared with the 
control group. Reduction in body fat percentage was clinically ir
relevant, and the 95% CI included the null effect (moderate cer
tainty evidence).

In terms of insulin sensitivity and glycaemic control, whole- 
grain consumption was associated with a clinically irrelevant 
reduction in HbA1c levels (MD: −.05%; 95% CI: −.10 to −.01; 
I2 = 58.1%; n = 24 trials and 1908 participants; moderate cer
tainty evidence). Change in fasting insulin levels was clinically ir
relevant, and the 95% CI included the null effect (moderate 
certainty evidence).

Combining data from studies that reported information on 
blood lipids yielded clinically irrelevant reductions in triglycer
ides (MD: −.05 mmol/L; 95% CI: −.09 to −.02; I2 = 48.2%; 
n = 70 trials and 5745 participants; moderate certainty 
evidence) and total cholesterol (MD: −.17 mmol/L; 95% CI: 
−.22 to −.12; I2 = 71.5%; n = 73 trials and 5907 participants; 
high certainty evidence) compared with the control group. 
Improvement in HDL-C was clinically irrelevant, and the 95% 
CI overlapped with a null effect (moderate certainty evidence).

When the results of studies that reported blood pressure and 
inflammatory data were pooled, clinically irrelevant changes 
were found for SBP (MD: −1.50 mmHg; 95% CI: −2.62 to 
−.38; I2 = 62.5%; n = 46 trials and 3609 participants; moderate 
certainty evidence), DBP (MD: −.82 mmHg; 95% CI: −1.59 to 
−.05; I2 = 65.4%; n = 45 trials and 3522 participants; moderate 
certainty evidence), and IL-6 (MD: −.22 pg/mL; 95% CI: −.44 
to −.01; I2 = 67.3%; n = 20 trials and 1219 participants; high cer
tainty evidence). The findings for HOMA-IR, CRP, TNF-α, and 
HRQoL, with low or very low certainty evidence, are provided 
in the Supplementary Text S6.

Publication bias, sensitivity, and subgroup 
analyses (pairwise meta-analyses)
For all outcomes, no publication bias was identified from the 
contour-enhanced funnel plots (see Supplementary data 
online, Figures S21–37). Findings from the sensitivity analyses 
indicated that the results of DBP, HbA1c, IL-6, and body fat per
centage were not robust and sensitive to the influence of single 
studies (see Supplementary data online, Figures S38–54). 
Detailed findings of publication bias, sensitivity, and subgroup 
analyses are presented in Supplementary Text S7 and 
Supplementary data online, Tables S10–16. Using the ICEMAN 
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tool, the credibility of the observed subgroup effects was rated 
as low (see Supplementary data online, Table S17).

Dose–response meta-analyses
Figure 1, Table 1 and Supplementary data online, Figures S55–71
present linear dose–response analyses. Every 48 g/day incre
ment in whole grain consumption in the form of dry weight, 
which is equal to 90 g fresh weight or 3 servings of whole grains, 
was associated with a reduction in LDL-C, body weight, FPG, 
waist circumference, HOMA-IR, triglycerides, total cholesterol, 
SBP, CRP, and IL-6. For other outcomes, the 95% CIs overlapped 
null effects.

Supplementary data online, Tables S18–21, and Figures 2–6 pre
sent the results of the non-linear dose–response meta-analyses. 
For adiposity measures, changes in effect estimates remained clin
ically irrelevant and unimportant across the full spectrum of daily 
whole grain intake, ranging from 0 to 220 g/day dry weight 
(Figure 2 and Supplementary data online, Table S18). For measures 
of FPG, insulin, and HbA1c, the magnitude of the effects remained 
clinically irrelevant within the full range of intake (Figure 3 and 
Supplementary data online, Table S19).

For blood lipids, there was evidence of a non-linear effect, 
with the greatest reductions observed at around 80 g/day for 
total cholesterol (MD80 g/day: −.21 mmol/L, 95% CI: −.27 to 
−.15), LDL-C (MD80 g/day: −.16 mmol/L, 95% CI: −.22 to −.10), 
and triglycerides (MD80 g/day: −.08 mmol/L, 95% CI: −.13 to 
−.04), surpassing the threshold set as MID for these outcomes 
(Figure 4 and Supplementary data online, Table S20). For 
HDL-C, a slight reduction in serum levels was seen up to 
60 g/day followed by an upward curve thereafter, with the 
greatest increases observed at around 220 g/day (MD220 g/day: 
.19 mmol/L, 95% CI: .05–.34), surpassing the MID threshold 
(Figure 4 and Supplementary data online, Table S20).

When considering blood pressure and inflammatory biomar
kers, the magnitude of the effects remained clinically irrelevant 
across the full range of whole grain intake for DBP, TNF-α, and 
IL-6 (Figures 5 and 6, and Supplementary data online, Table S21). 
However, the greatest reductions in SBP were observed at 
around 60 g/day (MD: −2.44 mmHg, 95% CI: −4.29 to −.58) 
and 80 g/day (MD: −2.35 mmHg, 95% CI: −4.09 to −.62), ex
ceeding the MID threshold (Figures 5 and Supplementary data 
online, Table S21). There was evidence of a departure from lin
earity for CRP, with the greatest reductions observed at doses 

Figure 1 Summary plot for cardiometabolic outcomes based on a 48 g increase in whole-grain consumption in adults aged ≥18 years. 
MD, mean difference; CI, confidence interval; LDL-C, low-density lipoprotein cholesterol; FPG, fasting plasma glucose; HDL-C, high- 
density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance; HbA1c, glycated haemoglobin; SBP, sys
tolic blood pressure; DBP, diastolic blood pressure; CRP, C-reactive protein; IL-6, interleukin-6; TNF-α, tumour necrosis factor alpha. All 
values are presented as MD (95% CI), except for adverse events, which are reported as a risk ratio
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of 60 g/day (MD60 g/day: −.58 mg/L, 95% CI: −.86 to −.30), fol
lowed by an upward trend at higher doses (Figure 6 and 
Supplementary data online, Table S21).

For cardiometabolic outcomes, we performed sensitivity ana
lyses using alternative model specifications and evaluated model 
fit. The restricted cubic spline model with three knots provided a 
better fit for all outcomes than the other models based on Akaike 
information criteria (see Supplementary data online, Tables S22– 
25 and Supplementary data online, Figures S72–101).

Grading the evidence
The evidence was graded as high for body weight, waist circum
ference, total cholesterol and IL-6. The evidence was graded as 
moderate for triglycerides, LDL-C, HDL-C, FPG, HbA1c, insulin, 
SBP, DBP, and body fat percentage. The evidence was graded 
as low for adverse events, HOMA-IR, CRP, and TNF-α. The evi
dence was graded as very low for HRQoL (see Supplementary 
data online, Table S26).

Discussion
In this systematic review and meta-analysis, whole-grain intake 
was associated with improvements in several cardiometabolic 
risk factors. Pairwise and linear dose–response analyses consist
ently showed reductions in LDL-C, body weight, FPG, total chol
esterol, triglycerides, blood pressure, waist circumference, 
HbA1c, HOMA-IR, CRP, and IL-6. In non-linear analyses, benefits 

generally emerged at intakes of 30–40 g/day (dry weight), with 
the greatest improvements observed at around 60 g/day for 
CRP and SBP, 80 g/day for lipids, and 220 g/day for HDL-C, ex
ceeding MID thresholds. For other outcomes, changes remained 
clinically small across the intake range, although the greatest re
ductions were observed at 80 g/day for waist circumference, 
180 g/day for body weight, and 200 g/day for IL-6 (Structured 
Graphical Abstract).

Findings in relation to the literature
Our findings are broadly consistent with previous meta-analyses, 
although some earlier reviews reported no association with cardi
ometabolic risk factors, inflammatory markers, glycaemic control, 
or adiposity. Compared with prior reviews, our analysis included 
substantially more trials, evaluated multiple outcomes simultan
eously, incorporated both linear and non-linear dose–response 
analyses using one-stage mixed-effects models, and accounted 
for differences in whole-grain dose ranges and subtypes, which 
may explain the clearer associations observed.

In the current study, the greatest reductions in total choles
terol, LDL-C, and triglycerides were seen at 80 g/day of whole 
grain intake, while the greatest increase for HDL-C was observed 
at 220 g/day, although the number of data points at the high 
range of intakes was limited. These changes exceeded predefined 
MID thresholds for each outcome. Observational epidemiologic 
studies consistently associate lower LDL-C and higher HDL-C 
plasma concentrations with reduced CHD risk.71 The greatest 

Figure 2 Dose–response effects of whole grain consumption on weight, waist circumference, body fat percentage, and adverse events 
in adults aged ≥18 years

Whole-grain and cardiometabolic risk factors                                                                                                                                                7
D

ow
nloaded from

 academ
ic.oup.com

/eurheartj/advance-article/doi/10.1093/eurheartj/ehag519/8787855 by guest on 16 Septem
ber 2026

http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehag519#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehag519#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehag519#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehag519#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehag519#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehag519#supplementary-data


reductions observed for LDL-C and triglycerides at moderate in
take levels of whole grains (80 g/day) compared with the much 
higher threshold needed to increase HDL-C (220 g/day) suggest 
that the cardioprotective effects of whole grains may arise pri
marily from their LDL-C- and triglyceride-lowering effects rather 
than their HDL-C-raising potential. However, unlike non-linear 
dose–response analysis, our pairwise analysis did not yield a clin
ically relevant effect for HDL-C levels. It seems that findings from 
the dose–response analyses are more reliable than those from 
the pairwise comparison, in which estimates might encounter 
misclassification bias because of the varying ranges of whole- 
grain doses across studies.

In the non-linear dose–response meta-analysis, improve
ments in triglycerides, LDL-C, HDL-C, CRP, and SBP exceeded 
respective MID thresholds. For the remaining variables (total 
cholesterol, FPG, body weight, waist circumference, body fat 
percentage, DBP, HbA1c, fasting insulin, IL-6, and TNF-α), 
changes across the full spectrum of daily whole grain intake 
were unimportant and clinically irrelevant. When interpreting 
these findings, it should be considered that the median duration 
of follow-up was 8 weeks, which may be insufficient to observe 
larger effects. It is possible that there may be cumulative and lar
ger effects of long-term adherence to diets high in whole grains, 
and this might be one explanation for the stronger inverse asso
ciations observed between whole grain intakes and reduced risk 
of CVD in observational studies, than what is predicted based on 
shorter-term randomized trials on intermediary cardiovascular 
risk factors. Another possibility is that the effects of whole 

grains on multiple cardiovascular risk factors are additive and 
may collectively reduce cardiovascular risk to a larger extent 
than when considering each risk factor on its own. This is con
sistent with evidence from patients with diabetes, where simul
taneously addressing multiple cardiovascular risk factors 
(glycaemic, blood pressure, and lipid control) provides greater 
and long-lasting benefits for preventing or slowing CVD com
pared to managing individual risk factors.72,73

Our findings are in line with and provide support for the re
sults from cohort studies, which report lower risks of all-cause 
mortality, CVD, CHD, type 2 diabetes, and hypertension inci
dence with higher intakes of whole grains.12–16 The consistency 
between trial and prospective cohort results, together with ob
served dose–response relationships, suggests that the effect on 
risk factors is likely causal and not a consequence of confound
ing variables. However, discrepancies exist regarding the most 
effective intake levels. Meta-analyses of cohort studies 
observed risk reductions up to intakes of 210–225 g/day of 
whole-grain foods (∼112–120 g/day dry weight) for most out
comes,12–14 whereas our analysis found that the greatest reduc
tions for most CVD risk factors were around 60–100 g/day 
whole-grain intake in the form of dry weight (equivalent to an 
average of 115–190 g fresh weight or 4–6 servings daily of 
whole grains). These differences may be partially attributable 
to variations in study populations (e.g. high-risk vs general popu
lations), exposure sources (e.g. single vs mixed whole-grain 
sources), outcomes (e.g. surrogate biomarkers vs mortality/mor
bidity), follow-up durations (typically decades in observational 

Figure 3 Dose–response effects of whole grain consumption on FPG, HbA1c, insulin, and HOMA-IR in adults aged ≥18 years. FPG, fast
ing plasma glucose; HbA1c, glycated haemoglobin; HOMA-IR, homeostasis model assessment of insulin resistance
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cohort studies vs a few weeks in RCTs), and sample sizes (typic
ally from ten to a few hundred in randomized trials to tens to 
hundreds of thousands in cohort studies). In addition, we had 
relatively few data points at higher levels of whole grain intakes, 
resulting in wider CIs at the very high range of intakes (>140 g/ 
day) than at medium levels of intakes (80–100 g/day). This im
precision reflects the limited number of trials that tested high 
doses, rather than evidence of no effect. Therefore, the limited 
data and wide CIs observed at higher intake levels suggest that 
this figure should be interpreted as a range where benefits may 
plateau, rather than as a definitive target. However, for HDL-C, 
there were indications of greater benefits at even higher intakes. 
Additional large, randomized trials could clarify the impact of 
very high intakes of whole grains across cardiometabolic risk 
factors.

Whole-grain intake was not associated with increased 
mild-to-moderate adverse events. However, adverse events 
were inconsistently reported, and most trials were not designed 
or powered to systematically capture minor or subjective symp
toms, particularly given the short follow-up periods and limited 
sample sizes.

Substantial heterogeneity was observed in some analyses, 
likely reflecting differences in whole-grain dose and type, inter
vention duration, participant characteristics, background diet, 
comparators, and chance. Heterogeneity was reduced in sensi
tivity analyses after exclusion of outlier studies. Variability in 
the sodium content of commercially prepared whole-grain pro
ducts may also have contributed to inconsistent blood pressure 

findings. Associations were attenuated in analyses accounting 
for baseline whole-grain intake, although these findings may re
flect limited power, measurement error, or other study differ
ences rather than true effect modification.

Subgroup analyses suggested some heterogeneity across study 
design, participant characteristics, and whole-grain type, al
though most findings were inconsistent, based on a few studies, 
and should be considered hypothesis-generating. Subgroup 
analyses  suggested stronger effects on HOMA-IR in some lower 
risk-of-bias trials, in men, and on FPG among individuals with type 
2 diabetes, whereas medication use did not materially influence 
findings in the available analyses. Effects also appeared to vary 
by grain type, with oats showing stronger lipid-lowering effects, 
brown rice improving lipids and inflammation, and rye reducing 
adiposity, consistent with differences in fibre composition and 
food structure. Trials without caloric restriction or run-in periods 
generally reported larger effects, suggesting possible independ
ent metabolic effects beyond weight loss and potential influence 
of baseline dietary patterns. Longer-duration trials (≥16 weeks) 
showed smaller and clinically irrelevant changes for some out
comes, possibly reflecting limited statistical power, declining ad
herence, spillover effects, or compensatory behaviours over time.

Interpretation of these findings should consider that higher 
whole-grain intake may reflect dietary substitution, as increased 
whole-grain consumption replaces other foods within a relative
ly stable energy intake. Trials comparing whole grains with 
refined grain equivalents provide the most robust evidence by 
isolating substitution effects, whereas comparisons with usual 

Figure 4 Dose–response effects of whole grain consumption on triglycerides, total cholesterol, LDL-C, and HDL-C in adults aged ≥18 
years. LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol
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or healthy diets are more susceptible to confounding from 
concurrent dietary changes. Consequently, the magnitude and 
interpretation of associations may depend partly on the com
parator and substitution pattern.

Strengths and limitations
Strengths of this study include the large number of RCTs and 
cardiometabolic outcomes evaluated, detailed linear and non- 

linear dose–response analyses, and assessment of clinically rele
vant effects using MID thresholds. The generally consistent 
findings across populations with different baseline risks also 
support the broader generalizability of the results.

Several limitations should be acknowledged. Although we as
sessed the dose–response effect of whole grain intake on cardi
ometabolic risk factors, studies may also differ by type of whole 
grain. Therefore, the metabolic effects of whole grains may de
pend on both the amount and type consumed. Since the 

Figure 5 Dose–response effects of whole grain consumption on SBP and DBP in adults aged ≥18 years. SBP, systolic blood pressure; 
DBP, diastolic blood pressure

Figure 6 Dose–response effects of whole grain consumption on CRP, IL-6, and TNF-α in adults aged ≥18 years. CRP, C-reactive protein; 
IL-6, interleukin-6; TNF-α, tumour necrosis factor alpha
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included studies may be susceptible to a range of experimental 
biases, the overall quality of the body of evidence was rated as 
moderate for most outcomes. For example, most studies 
handled missing data in the analysis by including only partici
pants who adhered to the trial protocol. However, this approach 
can introduce bias and is less robust than an intention-to-treat 
analysis.74 Another point was the lack of blinding among the 
participants or staff delivering the intervention to the hypoth
eses of the study. Limited reporting of background whole-grain 
intake restricted assessment of the influence of habitual diet, 
and the exclusion, in the included trials, of participants using 
medications affecting body weight or inflammation limited sub
group analyses. Finally, substantial variation in whole-grain 
doses across studies precluded assessment of time-response 
relationships.

Implications
Current dietary recommendations for whole-grain intake vary 
substantially across organizations and countries, ranging from 
general advice to increase intake to quantitative targets be
tween 48 and 150 g/day (dry weight). These differences likely 
reflect variation in whole grain definitions, intake assessment 
methods, interpretation of evidence, and local dietary practices. 
Our findings, based largely on trials quantifying intake as dry 
weight using dietary records or recalls, suggest that intakes of 
∼60–100 g/day dry weight (∼115–190 g/day fresh weight or 
4–6 servings) may be associated with improvements in 
multiple cardiovascular risk factors. This estimate is broadly 
consistent with existing guidelines while providing a quantita
tive dose–response perspective that may help inform future 
guidance. However, these targets should be interpreted as 
evidence-based benchmarks rather than universal prescriptions, 
as feasibility and implementation will depend on baseline intake, 
food availability, cultural dietary patterns, and the degree of 
refined grain substitution.

The observed improvements in LDL-C, triglycerides, SBP, 
HOMA-IR, and CRP are also clinically relevant when interpreted 
alongside evidence from pharmacological and epidemiological 
studies linking reductions in these risk factors with lower CVD 
risk. If additive, the combined effects of whole-grain intake on 
multiple cardiometabolic pathways could plausibly translate 
into meaningful reductions in CHD and CVD risk, particularly 
when sustained long-term, consistent with evidence from co
hort studies.

Conclusion
Findings from this meta-analysis of randomized trials suggest 
that higher whole-grain intake is associated with improvements 
in multiple cardiometabolic risk factors. Our results suggest in
creasing intake to around 60–100 g/day (dry weight; ∼115– 
190 g fresh weight or ∼4–6 servings), although additional bene
fits at higher intake cannot be ruled out. Dose–response rela
tionships differed across outcomes, with the greatest 
improvements generally observed at around 60–100 g/day for 
multiple cardiometabolic risk factors, whereas HDL-C showed 
potential further benefits at higher intakes. However, sparse 
data and wide CIs at higher intake levels limit certainty. Given 
the moderate-to-low certainty of evidence and limited number 

of low-risk-of-bias trials, these findings should be interpreted 
cautiously. Further well-designed, longer-term trials are needed 
to more clearly define the intake range that may maximize health 
benefits.

Supplementary data
Supplementary data are available at European Heart Journal
online.
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