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Abstract
Background The possible role of the insulinemic potential of diet in the etiology of type 2 diabetes (T2D) has 
recently received significant attention in observational studies. This meta-analysis aimed to synthesize available 
evidence and quantify the potential association between the empirical dietary index for hyperinsulinemia (EDIH) 
score and T2D risk.

Methods Various electronic databases, including Scopus, PubMed, and Web of Science, were comprehensively 
searched up to January 2024 using related keywords to identify relevant studies. The hazard ratios (HR) or odds ratios 
were extracted from eligible cohort studies, and a random-effects model with an inverse variance weighting method 
was used to calculate the pooled effect size, which was expressed as HR.

Results The analysis included six cohort studies (four publications), with sample sizes ranging from 3,732 to 90,786 
individuals aged 20 to 79 years. During follow-up periods of 5 to over 20 years, 31,284 T2D incidents were identified. 
The pooled results showed that a higher EDIH score was associated with an increased risk of T2D incidence (HR: 
1.47; 95%CI 1.21–1.77; I2 = 91.3%). Significant publication bias was observed in the present meta-analysis (P = 0.020). 
Geographical region and follow-up period can be as sources of heterogeneity (Pheterogeneity <0.001).

Conclusion Our meta-analysis of observational studies suggested that a diet with a higher EDIH score may be 
associated with an increased risk of incidence of T2D.
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Introduction
Type 2 diabetes (T2D), accounting for about 90% of dia-
betes cases, is often characterized by insulin resistance, 
where diminished response to insulin prompts increased 
production, leading to hyperinsulinemia to maintain glu-
cose homeostasis [1]. However, over time, the pancreas’s 
ability to produce insulin decreases, eventually leading to 
chronic hyperglycemia and the development of T2DM [1, 
2]. The global prevalence of T2D has reached alarming 
levels, affecting over 460 million people worldwide, and 
its rise poses a serious public health challenge due to its 
substantial impact on quality of life and increased risks 
of morbidity and mortality [3–5]. While genetic predis-
position plays a role, lifestyle factors such as sedentary 
lifestyle, smoking, alcohol consumption, and notably 
unhealthy eating habits are significant contributors to the 
development of hyperinsulinemia and T2D risk [6–9]. 
Recent research highlights the significant role of dietary 
patterns in modulating insulin levels and influencing the 
risk of T2D, underscoring the need for further investiga-
tion into how specific dietary choices influence disease 
development [10].

The insulinemic characteristics of dietary patterns are 
crucial in understanding the connection between nutri-
tion and chronic diseases, such as T2D. Recent studies 
have highlighted that diets with a high potential to ele-
vate glycemic parameters, such as glucose and insulin, 
are associated with an increased risk of various metabolic 
diseases, including cancers and T2D [11–13]. Recently, 
researchers have introduced the Empirical Dietary Index 
for Hyperinsulinemia (EDIH) as a novel approach to 
dietary assessment [14]. Unlike traditional indices, which 
focus primarily on nutrient intake, EDIH evaluates the 
overall insulinemic potential of the diet based on the 
insulin response triggered by different food components 
[14]. EDIH assesses specific food combinations and their 
ability to influence circulating levels of C-peptide [15], 
a reliable biomarker for hyperinsulinemia and a signifi-
cant predictor of diabetes risk [16]. Higher EDIH scores 
are hypothesized to contribute to T2D development pri-
marily by stimulating insulin secretion and leading to the 
eventual exhaustion of beta cells [14]. Despite its poten-
tial, studies on the association between EDIH scores and 
T2D risk have produced inconsistent results. While some 
research indicates that higher EDIH scores are linked 
to an increased risk of T2D [17, 18], other studies have 
found no significant association [19, 20].

Given the rising prevalence of T2D and the potential 
benefits of dietary interventions for its prevention and 
management [21], it is essential to synthesize the exist-
ing evidence on the relationship between EDIH and 
T2D risk. Therefore, this systematic review and meta-
analysis aims to comprehensively evaluate and quantify 
the association between EDIH score and T2D risk by 

synthesizing all available research on this topic. Findings 
from this meta-analysis could enhance our understand-
ing of how dietary patterns influence hyperinsulinemia 
and, consequently, T2D. This improved understanding 
may inform future dietary recommendations and preven-
tive strategies, particularly for populations at high risk of 
developing T2D.

Materials and methods
Search strategy
Published articles were searched in online literature data-
bases such as PubMed, Web of Science, and Scopus up 
to January 2024. Literature was searched using keywords 
and MeSH (Medical Subject Heading) terms, includ-
ing: “EDIH” or “empirical dietary index” or “empirical 
dietary indices” or “dietary index for hyperinsulinemia” 
or “insulinemic dietary pattern” or “insulinemic potential 
of diet” or “dietary pattern of insulin” or “dietary insulin-
emic potential” or “hyperinsulinemic dietary score” or 
“hyperinsulinemia dietary score” combined with “Dia-
betes Mellitus” or " Diabetes” or " type 2 diabetes” or 
“T2D” (Supplementary Table 2). The reference lists of all 
relevant studies and review papers were hand-searched 
to avoid missing any publications. This meta-analysis is 
based on the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guideline (ver-
sion 2020) (Supplementary Fig. 2).

Inclusion criteria
The studies that met the following criteria were consid-
ered eligible for inclusion: (1) original article, (2) adult 
subjects, (3) cohort studies reporting the association 
between EDIH and the risk of T2D; (4) reported the Haz-
ard Ratio (HR), Odds Ratio (OR) or Relative Risk (RR) 
with a 95% Confidence Interval (CI). PECO criteria are 
presented in Supplementary Table 1.

Exclusion criteria
The exclusion criteria for the present study were (1) stud-
ies conducted on other insulin indices of diet except for 
EDIH computed via the method presented by Tabung et 
al. [14]. ; (2) studies involving pregnant women and chil-
dren; (3) randomized clinical trials, review articles, labo-
ratory, and animal studies; and (4) unpublished data and 
grey literature, including congress abstracts, disserta-
tions, and patents.

Data extraction
Information from each eligible study was independently 
reviewed and extracted by two reviewers, including the 
first author’s name, publication year, cohort’s name, 
country and setting of the study, study design, sample 
size, the number of cases, participant’s age, sex, tools 
used for dietary measurement, compared categories, 
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reported HR with 95% CI for the association between 
EDIH and risk of T2D, diabetes incidence, adjusted vari-
ables, and follow-up time.

Validity and quality assessment of studies
We independently evaluated the methodological quality 
of included studies using the ROBINS-I tool (Supple-
mentary Table S3) [22].

Statistical analysis
We extracted the HR or OR with 95% CI for all cohort 
studies and transformed them into log HR, and then their 
standard error (SE) was computed. A random-effects 
model with an inverse variance weighting method was 
used to estimate the overall effect size. Between-study 
heterogeneity was assessed using the I² statistic [23] 
(specific categories such as low = 25%, moderate = 50%, 
and high = 75%) and Cochrane’s Q statistic (with a 
P-value < 0.10 considered significant) [24]. The visual 
observational of the funnel plot and Egger’s regression 
test were used to evaluate potential publication bias. Fur-
thermore, we used the trim-and-fill method to estimate 
the required articles. Sensitivity analysis was performed 
to assess the robustness of the findings. All statistical 
analyses were performed using the Stata version 11.2 
software, and P < 0.05 was considered statistically signifi-
cant. All statistical tests were two-sided.

Results
Study selection
As shown in Fig.  1, we performed a systematic search 
across three databases, which yielded 3577 results. After 
removing duplicates, we screened 3441 articles by title 
and abstract and, subsequently, by full-text review if nec-
essary. Ultimately, six eligible cohorts (four publications) 
[17–20] were included in the current meta-analysis.

Study characteristics
Table  1 shows the basic characteristics of the included 
cohort studies. Of these studies, two were conducted in 
Iran [19, 20] and the remaining four were conducted in 
the US [17, 18]. The sample sizes varied from 3,732 to 
90,786 individuals, with participants aged between 20 
and 79. Over the follow-up period, which ranged from 5 
to over 20 years, a total of 31,284 incident cases of T2D 
were identified. The studies included both genders (n = 2), 
men only (n = 1), and women only (n = 3). All studies used 
food frequency questionnaire (FFQ) to collect dietary 
data. While two studies [19, 20] reported a non-signifi-
cant lower risk of T2D, the remaining four investigations 
[17, 18] found a higher risk of T2D in the highest EDIH 
score category compared to the lowest.

Meta-analysis
Association between the EDIH and the risk of T2D
Figure 2 shows the association between the EDIH and the 
risk of T2D. Compared to the lowest category of EDIH 
(Tertile 1, Quartile 1, or Quintile 1), the highest category 
of EDIH (Tertile 3, Quartile 4, or Quintile 5) was asso-
ciated with a 47% increased risk of T2D (HR = 1.47; 95% 
CI:1.21–1.77; I2 = 91.3%).

Egger’s test (P = 0.020) indicated a significant publica-
tion bias in the association between EDIH and the risk of 
T2D; however, visual inspection of the funnel plot indi-
cated that there was no publication bias for the relation-
ship between EDIH and the risk of T2D (Supplementary 
Fig. 1). The trim-and-fill method was performed to cali-
brate publication bias for studies related to EDIH and the 
risk of T2D and no missing studies were detected by the 
trim-and-fill method.

In our analysis, the I² statistic was 91.3%, and the 
P-value for Cochrane’s Q was < 0.001, indicating con-
siderable heterogeneity. Therefore, we conducted a 
subgroup analysis based on geographical region and 
follow-up period. As shown in Table  2, geographical 
region and follow-up period were identified as significant 
sources of heterogeneity (P < 0.001). Studies conducted 
in Iran, which had a follow-up period of < 10 years, 
reported a non-significant lower risk of T2D for the high-
est compared to the lowest EDIH score (HR = 0.82; 95% 
CI: 0.65, 1.03; I2 = 0.00%). However, pooled results from 
US cohorts (with a follow-up length ≥ 10 years) showed 
a significantly higher T2D risk for the highest EDIH score 
category compared to the lowest (HR = 1.76; 95% CI:1.57, 
1.97; I2 = 78.9%).

Risk of bias assessment
Supplementary Table 3 presents the quality assessment 
of included studies using the ROBINS-I tool and all 
included studies has moderate risk of bias.

Sensitivity analysis
The sensitivity analysis results for the association 
between the highest and lowest EDIH categories and the 
risk of T2D are presented in Table 3. The analysis showed 
that the exclusion of any single study did not substantially 
alter the overall results (range: 1.34–1.67).

Discussion
This systematic review and meta-analysis examined the 
relationship between dietary patterns and the develop-
ment of hyperinsulinemia and T2D. The findings revealed 
that individuals with the highest EDIH scores had a 47% 
increased risk of T2D compared to those with the low-
est scores. Our analysis also suggests potential variations 
in T2D risk associated with EDIH scores based on study 
location.
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Diet plays a crucial role in T2D development, with 
approximately 80% of cases potentially preventable 
through healthy eating habits [25, 26]. These include 
increased consumption of fruits and vegetables and 
reduced intake of saturated fat, sodium, and sugar-sweet-
ened drinks [27, 28]. Various dietary approaches, such 
as low-carbohydrate, Mediterranean, plant-based, and 

low-glycemic index, have shown effectiveness in manag-
ing glycemic levels and reducing cardiovascular risk in 
individuals with T2D [29]. Conversely, low-quality diets, 
characterized by low intake of vegetables, fruits, dairy, 
fish, and eggs, and high consumption of sodium, cho-
lesterol, and saturated fatty acids, significantly increase 
T2D risk across diverse subgroups. These subgroups 

Fig. 1 Flow diagram of selection of the published studies
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Studies/ 
Year/ 
Cohort 
name

Country Cases /Totals Gender,
Age 
range

Exposure 
assessment

Comparison HR / OR 
(95% 
CI)

Incidence 
of T2DM
(%)

Adjustment 
for covariate

Fol-
low-up 
(Years)

Risk of bias 
assessment 
by ROBINS-
I tool

Omrani, 
2023
Yazd health 
study

Iran 343/5714 Both
36 ± 7.8 
years

178-items FFQ T3 vs. T1 0.77 
(0.58–
1.02)

% 6.0 Age, sex, BMI, 
smoking, phys-
ical activity, 
family history 
of diabetes, 
marital status, 
socio eco-
nomic status, 
menopausal 
status and 
dietary intake 
of energy

5 Moderate

Farhadne-
jad, 2021
TLGS study

Iran 257/3732 Both
≥ 20 
years

168-items FFQ Q4 vs. Q1 0.95 
(0.63–
1.44)

% 6.8 Age, sex, 
energy, waist 
circumfer-
ence, smoking, 
physical activ-
ity, education 
level, energy, 
smoking, edu-
cation level, 
waist-adjusted 
BMI, fasting 
blood sugar 
and TAG: HDL-
cholesterol at 
baseline

6.2 Moderate

Lee, 2020
Nurses’ 
Health 
Study

US 8782/74,767 Women
30–55 
years

130-items FFQ Q5 vs. Q1 1.93 
(1.79–
2.09)

% 11.7 Energy, age, 
race, smoking, 
postmeno-
pausal hor-
mone use, oral 
contraceptive 
use, physical 
activity, fam-
ily history of 
diabetes and 
BMI

> 20 Moderate

Lee, 2020
Nurses’ 
Health 
Study II

US 7157/90,786 Women
25–42 
years

130-items FFQ Q5 vs. Q1 1.74 
(1.59–
1.91)

% 7.8 Energy, age, 
race, smoking, 
postmeno-
pausal hor-
mone use, oral 
contraceptive 
use, physical 
activity, fam-
ily history of 
diabetes and 
BMI

> 20 Moderate

Table 1 Characteristics of included studies in the meta-analysis*
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include variations in sex, abdominal obesity, overweight 
status, age, hypertension, smoking habits, and alcohol 
and tea consumption [30, 31]. Hyperinsulinemia is a key 
mechanism linking poor dietary and lifestyle behaviors 
to T2D development [14]. The established relationship 
between diet quality and chronic diseases such as T2D 
underscores the importance of diet quality indices for 
rapid assessment of nutritional health [32, 33]. A novel 
dietary index, known as EDIH, evaluates the relationship 
between typical dietary patterns and insulin response. 
It helps identify populations at high risk for hyperinsu-
linemia by predicting fasting plasma C-peptide levels 
for hyperinsulinemia and the triglyceride-to- high-den-
sity lipoprotein (TG/HDL) ratio for insulin resistance 
[14]. The associations between EDIH and T2D risk sug-
gest that certain dietary patterns may promote chronic 
inflammation and hyperinsulinemia [17]. A dietary pat-
tern characterized by both pro-inflammatory and high 
insulinemic properties (indicated by the highest EDIH 
score) includes high intake of red meat, processed meat, 

sugar-sweetened beverages, and refined grains, coupled 
with low intake of green leafy vegetables, full-fat dairy, 
wine, coffee, and non-fatty fish [14, 18, 19]. It is possible 
that these dietary components impact hyperinsulinemia 
and insulin resistance differently among individuals, 
based on their genetic predisposition, lifestyles, and stage 
of disease progression [19].

While the exact mechanisms through which the insu-
linemic potential of dietary indices influences the risk 
of T2D remain unclear, the insulinemic effects of vari-
ous food components are crucial in regulating long-term 
insulin secretion. Increased consumption of red and pro-
cessed meats, as well as added sugars, has been associ-
ated with a higher risk of T2D in Western populations 
[34, 35]. These dietary components may contribute to 
T2D development through mechanisms involving oxida-
tive stress, inflammation, and impaired insulin sensitiv-
ity [36, 37]. In contrast, diets rich in whole grains, fruits, 
vegetables, and healthy fats support better glycemic con-
trol and insulin sensitivity, potentially reducing the risk 

Studies/ 
Year/ 
Cohort 
name

Country Cases /Totals Gender,
Age 
range

Exposure 
assessment

Comparison HR / OR 
(95% 
CI)

Incidence 
of T2DM
(%)

Adjustment 
for covariate

Fol-
low-up 
(Years)

Risk of bias 
assessment 
by ROBINS-
I tool

Lee, 2020
Health Pro-
fessionals 
Follow-up 
Study

US 3727/39,442 Men
40–75 
years

130-items FFQ Q5 vs. Q1 1.94 
(1.73–
2.17)

% 9.4 Energy, age, 
race, smoking, 
postmeno-
pausal hor-
mone use, oral 
contraceptive 
use, physical 
activity, fam-
ily history of 
diabetes and 
BMI

> 20 Moderate

Jin, 2021
Women’s 
Health 
Initiative

US 11,018/73,495 Women
50–79 
years

130-items FFQ Q5 vs. Q1 1.41 
(1.20–
1.65)

% 14.9 Energy, Age, 
hyperten-
sion, family 
history of type 
2 diabetes, 
hormone 
use, physical 
activity, educa-
tion, race, 
pack-years of 
smoking, high 
cholesterol, 
WHI study 
arms, nonste-
roidal anti-
inflammatory 
drug use, statin 
use, nutritional 
supplement 
use and BMI

13.3 Moderate

*All included studies were cohort studies

Abbreviations: BMI: body mass index; CI: confidence interval; FFQ: food frequency questionnaire; HR: hazard ratio; OR: odds ratio; Q, quartile and quintile; T: Tertile; 
TLGS: Tehran Lipid and Glucose study; T2DM: Type 2 diabetes mellitus

Table 1 (continued) 
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of T2D [38]. While the role of fish and alcohol in T2D 
prevention remains inconclusive, some evidence suggests 
that these factors may influence glucose metabolism and 
inflammation [39–41]. Coffee consumption, although 
associated with mixed effects on insulin sensitivity, may 
offer benefits for subclinical inflammation and HDL cho-
lesterol levels [42, 43].

Excess body fat, or adiposity, significantly increases 
T2D risk through various mechanisms. Primarily, adi-
posity promotes chronic low-grade inflammation, which 
impairs insulin signaling [44]. This process is driven by 
the dysregulation of adipokine secretion from excess 

Table 2 Summary relative risk (RR) estimates [95% confidence intervals (CIs)] for sub-group analysis of the association between the 
empirical dietary index for hyperinsulinemia (EDIH) with the risk of type 2 diabetes
Subgroups Study numbers Summary RR (95% CI) Between studies Between subgroups

I2 Pheterogeneity Q Pheterogeneity

Geographical region 42.3 < 0.001
Iran 2 0.82 (0.65–1.03) 0.00% 0.411
US 4 1.76 (1.57–1.97) 78.9% 0.003
Follow-up period 42.3 < 0.001
< 10 years 2 0.82 (0.65–1.03) 0.00% 0.411
≥ 10 years 4 1.76 (1.57–1.97) 78.9% 0.003
All statistical tests were two-sided

Table 3 Sensitivity analysis for the association between highest 
vs. lowest EDIH categories and the risk of type 2 diabetes
Study omitted Estimate [95% Conf. Interval]
Omrani, 2023 1.67 (1.46, 1.91)
Farhadnejad, 2021 1.54 (1.28, 1.86)
Lee, 2020 1.34 (1.05, 1.72)
Lee, 2020 1.37 (1.05, 1.78)
Lee, 2020 1.35 (1.07, 1.71)
Jin, 2021 1.47 (1.19, 1.81)
Combined 1.47 (1.21, 1.77)

Fig. 2 Forest plot for the association between the empirical dietary index for hyperinsulinemia (EDIH) and the risk of type 2 diabetes, expressed as a 
comparison between the highest and lowest categories of EDIH
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adipose tissue, a key factor that links obesity to reduced 
insulin sensitivity and an increased risk of developing 
T2D [44, 45]. The consumption of diets with a high insu-
linemic potential may contribute to obesity by increas-
ing insulin secretion and altering fat and carbohydrate 
metabolism, further exacerbating T2D risk. These diets 
also promote inflammation, metabolic dysregulation, and 
increased T2D risk [18, 46, 47]. Additionally, higher insu-
linemic potential levels are linked to increased serum TG 
levels and reduced HDL cholesterol concentrations, both 
associated with insulin resistance and an increased risk of 
developing T2D [48–50].

The differences observed between the results of studies 
conducted in the US and Iran may be attributed to varia-
tions in dietary patterns, population characteristics, and 
length of studies follow-up. While studies by Farhadnejad 
et al. [19] and Omrani et al. [20] in Iran found no signifi-
cant relationship between the EDIH score and the risk 
of T2DM, possibly due to lower intake of EDIH compo-
nents and population diversity, US-based studies by Lee 
et al. [18] and Jin et al. [17] showed a significant associa-
tion. Additionally, differences in the consumption of spe-
cific foods, such as coffee, dairy, and alcohol, which are 
more prevalent in the US, may also explain the variation 
in findings. Another reason for the heterogeneity based 
on the geographical region can be the difference in the 
follow-up period of the studies conducted in different 
regions of the world; the studies conducted in Iran had a 
follow-up period of fewer than 10 years and they did not 
observe a significant relationship between EDIH score 
and risk of T2D, however, the studies conducted in US 
has follow-up period more than 10 years and observed 
positive relationship between EDIH score and risk of 
T2D. Therefore, it seems that a longer period of time 
(more than 10 years) is needed to observe the noticeable 
influence of the insulinemic potential of individuals’ diet 
in predicting the risk of T2D.

Our findings showed a significant 47% increase in 
the risk of T2D associated with the highest category of 
EDIH compared to the lowest category. However, inter-
esting differences were observed when comparing stud-
ies from different regions, especially the US and Iran. 
Studies in the US revealed a higher risk of T2D among 
individuals with higher EDIH scores. On the other hand, 
research in Iran indicated a non-significant lower risk of 
T2D linked to elevated EDIH scores. These contrasting 
results between US and Iranian studies may be due to the 
regional dietary patterns and genetic factors on the risk 
of T2D. The US, known for its consumption of processed 
foods with high insulinemic effects [51], showed a stron-
ger association between dietary insulin load and T2D 
risk. In contrast, Iranian dietary habits, reflecting a dif-
ferent food composition and cultural context, may lessen 
the impact of insulinemic diets on the development of 

T2D. Further studies across diverse populations are nec-
essary to validate and enhance the robustness of these 
findings.

The EDIH score is a valuable tool for assessing T2D 
risk, with higher scores indicating greater risk. This index 
has potential applications in clinical practice, enabling 
personalized nutrition advice that could improve T2D 
prevention and management. Future dietary guidelines 
could incorporate these findings to emphasize the impor-
tance of considering not just the carbohydrate content of 
foods but also their overall insulinemic and inflammatory 
potential.

One of the strengths of this study is its comprehensive 
systematic search and analysis of cohort studies, allowing 
for more accurate results. Moreover, all studies included 
in the current meta-analysis were of good quality, with 
low risk of bias observed. However, we acknowledge the 
absence of a pre-registered protocol as a limitation, and 
our subgroup analysis should be considered exploratory. 
Despite the robust study selection and quality assess-
ments, this meta-analysis exhibited considerable het-
erogeneity. This variability was primarily attributed to 
differences in geographical locations and gender-specific 
outcomes, with a predominance of US-based studies 
limiting generalizability. Additionally, the limited num-
ber of gender-specific studies, particularly for men, con-
strains our ability to conduct a sub-group analysis based 
on gender and so we cannot draw definitive conclusions 
about gender-based variations in EDIH-T2D risk asso-
ciations. While sensitivity analysis confirmed the stabil-
ity of the findings, the observational nature of the studies 
precludes establishing causality. Nevertheless, this meta-
analysis offers valuable insights into the role of dietary 
patterns in T2D development, emphasizing the impor-
tance of considering dietary inflammatory potential in 
T2D prevention strategies.

Conclusions
In conclusion, our findings revealed that a high insulin-
emic dietary pattern, as indicated by a high EDIH score, 
is associated with an increased risk of T2D incidence. 
While these results are promising, future investigations 
should prioritize large-scale prospective studies and ran-
domized controlled trials to establish a causal relation-
ship between dietary patterns (specifically EDIH score) 
and the risk of T2D. Investigating the dose-response 
relationship, the impact of specific dietary patterns or 
food groups, and individual variability through integra-
tion with other omics data can provide comprehensive 
insights into the complex interactions between diet, 
inflammation, and metabolic health.

Abbreviations
CI  Confidence Interval
EDIH  Empirical Dietary Index for Hyperinsulinemia
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FFQ  Food frequency questionnaire
HR  Hazard Ratio
HDL  High-density lipoprotein
OR  Odds Ratio
PRISMA  Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses
ROBINS-I  Risk of Bias in Non-randomized Studies of Interventions
RR  Relative Risk
SE  Standard error
TGs  Triglycerides
T2D  Type 2 diabetes

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13098-024-01474-x.

Supplementary Material 1

Supplementary Material 2

Supplementary Material 3

Supplementary Material 4

Supplementary Material 5

Supplementary Material 6

Acknowledgements
We express our appreciation to the Nutrition and Endocrine Research Center, 
Research Institute for Endocrine Sciences, Shahid Beheshti University of 
Medical Sciences, Tehran, Iran for their valuable cooperation.

Author contributions
HF and FT contributed to the study concept and design. HF, HA, FT, MKJ and 
PM developed the overall research plan and study oversight. MN and HA 
conducted the research. MN and MO independently screened all records 
based on their titles and abstracts. HA and FT performed the data extraction, 
data analyses, and interpretation of data. HF, MA, HA, MO, MN, NS, and MKJ 
drafted the manuscript. All authors provided intellectual comments and 
performed the critical revision of the manuscript. PM and FT supervised the 
study. All authors approved the final version of the manuscript.

Funding
This study was supported by the Research Institute of Endocrine Sciences, 
Shahid Beheshti University Medical Sciences, Tehran, Iran.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 10 June 2024 / Accepted: 21 September 2024

References
1. Burns C, Francis N. Type 2 diabetes: etiology, Epidemiology, Pathogenesis, 

and treatment. Metabolic syndrome: a comprehensive textbook. Springer; 
2024. pp. 509–28.

2. Guo H, Wu H, Li Z. The pathogenesis of diabetes. Int J Mol Sci. 2023;24:6978.

3. Khan MAB, Hashim MJ, King JK, Govender RD, Mustafa H, Al Kaabi J. Epidemi-
ology of type 2 diabetes - global burden of Disease and Forecasted trends. J 
Epidemiol Glob Health. 2020;10:107–11.

4. Li S, Wang J, Zhang B, Li X, Liu Y. Diabetes Mellitus and cause-specific mortal-
ity: a Population-based study. Diabetes Metab J. 2019;43:319–41.

5. Global regional, national burden of diabetes. From 1990 to 2021, with projec-
tions of prevalence to 2050: a systematic analysis for the global burden of 
Disease Study 2021. Lancet. 2023;402:203–34.

6. Han X, Wei Y, Hu H, Wang J, Li Z, Wang F, et al. Genetic risk, a healthy lifestyle, 
and type 2 diabetes: the Dongfeng-Tongji Cohort Study. J Clin Endocrinol 
Metabolism. 2020;105:1242–50.

7. Galcheva S, Demirbilek H, Al-Khawaga S, Hussain K. The genetic and molecu-
lar mechanisms of congenital hyperinsulinism. Front Endocrinol (Lausanne). 
2019;10:111.

8. Dubé JJ, Allison KF, Rousson V, Goodpaster BH, Amati F. Exercise dose and 
insulin sensitivity: relevance for diabetes prevention. Med Sci Sports Exerc. 
2012;44:793–9.

9. Jannasch F, Kröger J, Schulze MB. Dietary patterns and type 2 diabetes: a 
systematic literature review and Meta-analysis of prospective studies. J Nutr. 
2017;147:1174–82.

10. Tolonen U, Lankinen M, Laakso M, Schwab U. Healthy dietary pattern is 
associated with lower glycemia independently of the genetic risk of type 2 
diabetes: a cross-sectional study in Finnish men. Eur J Nutr. 2024. https://doi.
org/10.1007/s00394-024-03444-5

11. Salmerón J, Manson JE, Stampfer MJ, Colditz GA, Wing AL, Willett WC. Dietary 
fiber, glycemic load, and risk of non—insulin-dependent diabetes mellitus in 
women. JAMA. 1997;277:472–7.

12. McAuley K, Hopkins C, Smith K, McLay R, Williams S, Taylor R, et al. Com-
parison of high-fat and high-protein diets with a high-carbohydrate diet in 
insulin-resistant obese women. Diabetologia. 2005;48:8–16.

13. Willett W, Manson J, Liu S. Glycemic index, glycemic load, and risk of type 2 
diabetes. Am J Clin Nutr. 2002;76:S274–80.

14. Tabung FK, Wang W, Fung TT, Hu FB, Smith-Warner SA, Chavarro JE, et al. 
Development and validation of empirical indices to assess the insulinaemic 
potential of diet and lifestyle. Br J Nutr. 2016;116:1787–98.

15. Tabung FK, Balasubramanian R, Liang L, Clinton SK, Cespedes Feliciano EM, 
Manson JE et al. Identifying metabolomic profiles of insulinemic dietary pat-
terns. Metabolites. 2019;9.

16. Tabung FK, Nimptsch K, Giovannucci EL. Postprandial Duration Influences 
the Association of Insulin-Related Dietary Indexes and plasma C-peptide 
concentrations in adult men and women. J Nutr. 2019;149:286–94.

17. Jin Q, Shi N, Aroke D, Lee DH, Joseph JJ, Donneyong M, et al. Insulinemic and 
inflammatory dietary patterns show enhanced predictive potential for type 2 
diabetes risk in Postmenopausal Women. Diabetes Care. 2021;44:707–14.

18. Lee DH, Li J, Li Y, Liu G, Wu K, Bhupathiraju S, et al. Dietary inflammatory and 
insulinemic potential and risk of type 2 diabetes: results from three prospec-
tive U.S. Cohort studies. Diabetes Care. 2020;43:2675–83.

19. Farhadnejad H, Mokhtari E, Teymoori F, Sohouli MH, Moslehi N, Mirmiran P, 
et al. Association of the insulinemic potential of diet and lifestyle with risk of 
diabetes incident in Tehranian adults: a population based cohort study. Nutr 
J. 2021;20:39.

20. Omrani M, Hosseinzadeh M, Shab Bidar S, Mirzaei M, Teymoori F, Nadjarzadeh 
A, et al. Insulinaemic potential of diet and lifestyle and risk of type 2 diabetes 
in the Iranian adults: result from Yazd health study. BMC Endocr Disord. 
2023;23:136.

21. Sami W, Ansari T, Butt NS, Hamid MRA. Effect of diet on type 2 diabetes mel-
litus: a review. Int J Health Sci (Qassim). 2017;11:65–71.

22. Sterne JA, Hernán MA, Reeves BC, Savović J, Berkman ND, Viswanathan M 
et al. ROBINS-I: a tool for assessing risk of bias in non-randomised studies of 
interventions. BMJ. 2016;355.

23. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in 
meta-analyses. BMJ. 2003;327:557–60.

24. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat 
Med. 2002;21:1539–58.

25. Forouhi NG. Embracing complexity: making sense of diet, nutrition, obesity 
and type 2 diabetes. Diabetologia. 2023;66:786–99.

26. Schwingshackl L, Hoffmann G, Lampousi AM, Knüppel S, Iqbal K, Schwed-
helm C, et al. Food groups and risk of type 2 diabetes mellitus: a system-
atic review and meta-analysis of prospective studies. Eur J Epidemiol. 
2017;32:363–75.

27. Wang Y, Xie W, Tian T, Zhang J, Zhu Q, Pan D et al. The relationship between 
dietary patterns and high blood glucose among adults based on structural 

https://doi.org/10.1186/s13098-024-01474-x
https://doi.org/10.1186/s13098-024-01474-x
https://doi.org/10.1007/s00394-024-03444-5
https://doi.org/10.1007/s00394-024-03444-5


Page 10 of 10Farhadnejad et al. Diabetology & Metabolic Syndrome          (2024) 16:246 

equation modelling. Nutrients. 2022;14:4111. https://doi.org/10.3390/
nu14194111.

28. Sarmento RA, Antonio JP, de Miranda IL, Nicoletto BB, de Almeida JC. Eating 
Patterns and Health Outcomes in patients with type 2 diabetes. J Endocr Soc. 
2018;2:42–52.

29. Whiteley C, Benton F, Matwiejczyk L, Luscombe-Marsh N. Determining 
dietary patterns to recommend for type 2 diabetes: an Umbrella Review. 
Nutrients. 2023;15.

30. He D, Qiao Y, Xiong S, Liu S, Ke C, Shen Y. Association between Dietary Quality 
and Prediabetes based on the Diet Balance Index. Sci Rep. 2020;10:3190.

31. Sanjeevi N, Freeland-Graves JH. Low diet quality is associated with adverse 
levels of metabolic health markers and clustering of risk factors in adults with 
type 2 diabetes. J Hum Nutr Diet. 2023;36:31–9.

32. Ziaee RS, Keshani P, Salehi M, Ghaem H. Diet Quality indices and their correla-
tion with glycemic status and lipid Profile in patients with type 2 diabetes. 
Adv Prev Med. 2021;2021:2934082.

33. Antonio JP, da Rosa VC, Sarmento RA, de Almeida JC. Diet quality and thera-
peutic targets in patients with type 2 diabetes: evaluation of concordance 
between dietary indexes. Nutr J. 2017;16:74.

34. Gu X, Drouin-Chartier J-P, Sacks FM, Hu FB, Rosner B, Willett WC. Red meat 
intake and risk of type 2 diabetes in a prospective cohort study of United 
States females and males. Am J Clin Nutr. 2023;118:1153–63.

35. Ma X, Nan F, Liang H, Shu P, Fan X, Song X, et al. Excessive intake of sugar: an 
accomplice of inflammation. Front Immunol. 2022;13:988481.

36. Montonen J, Boeing H, Fritsche A, Schleicher E, Joost H-G, Schulze MB, et al. 
Consumption of red meat and whole-grain bread in relation to biomarkers 
of obesity, inflammation, glucose metabolism and oxidative stress. Eur J Nutr. 
2013;52:337–45.

37. Prasad K, Dhar I. Oxidative stress as a mechanism of added sugar-induced 
cardiovascular disease. Int J Angiol. 2014;23:217–26.

38. Jardine MA, Kahleova H, Levin SM, Ali Z, Trapp CB, Barnard ND. Perspec-
tive: plant-based eating pattern for type 2 diabetes Prevention and 
Treatment: Efficacy, mechanisms, and practical considerations. Adv Nutr. 
2021;12:2045–55.

39. Lankinen M, Schwab U, Erkkilä A, Seppänen-Laakso T, Hannila ML, Mussalo 
H, et al. Fatty fish intake decreases lipids related to inflammation and insulin 
signaling–a lipidomics approach. PLoS ONE. 2009;4:e5258.

40. Chen G-C, Arthur R, Qin L-Q, Chen L-H, Mei Z, Zheng Y, et al. Association of 
Oily and nonoily Fish Consumption and Fish Oil supplements with Incident 
Type 2 diabetes: a large Population-based prospective study. Diabetes Care. 
2021;44:672–80.

41. Kokavec A, Halloran MA. Consuming a small-moderate dose of red wine 
alone can alter the glucose-insulin relationship. Can J Physiol Pharmacol. 
2010;88:1147–56.

42. Moon SM, Joo MJ, Lee YS, Kim MG. Effects of Coffee consumption on insulin 
resistance and sensitivity: a Meta-analysis. Nutrients. 2021;13.

43. Shi X, Xue W, Liang S, Zhao J, Zhang X. Acute caffeine ingestion reduces 
insulin sensitivity in healthy subjects: a systematic review and meta-analysis. 
Nutr J. 2016;15:103.

44. Zatterale F, Longo M, Naderi J, Raciti GA, Desiderio A, Miele C, et al. Chronic 
adipose tissue inflammation linking obesity to Insulin Resistance and type 2 
diabetes. Front Physiol. 2019;10:1607.

45. Jiang J, Cai X, Pan Y, Du X, Zhu H, Yang X, et al. Relationship of obesity to adi-
pose tissue insulin resistance. BMJ Open Diabetes Res Care. 2020;8:e000741.

46. Wan Y, Tabung FK, Lee DH, Fung TT, Willett WC, Giovannucci EL. Dietary insu-
linemic potential and risk of total and cause-specific mortality in the nurses’ 
Health Study and the Health professionals follow-up study. Diabetes Care. 
2021;45:451–9.

47. Romanos-Nanclares A, Tabung FK, Willett WC, Rosner B, Holmes MD, Chen 
WY, et al. Insulinemic potential of diet and risk of total and subtypes of breast 
cancer among US females. Am J Clin Nutr. 2022;116:1530–9.

48. Khoshnoudi-Rad B, Hosseinpour-Niazi S, Javadi M, Mirmiran P, Azizi F. Rela-
tion of dietary insulin index and dietary insulin load to metabolic syndrome 
depending on the lifestyle factors: Tehran lipid and glucose study. Diabetol 
Metab Syndr. 2022;14:198.

49. Mirmiran P, Esfandiari S, Bahadoran Z, Tohidi M, Azizi F. Dietary insulin 
load and insulin index are associated with the risk of insulin resistance: a 
prospective approach in tehran lipid and glucose study. J Diabetes Metabolic 
Disorders. 2016;15:23.

50. Nimptsch K, Brand-Miller JC, Franz M, Sampson L, Willett WC, Giovan-
nucci E. Dietary insulin index and insulin load in relation to biomarkers of 
glycemic control, plasma lipids, and inflammation markers. Am J Clin Nutr. 
2011;94:182–90.

51. Steele EM, Baraldi LG, da Costa Louzada ML, Moubarac J-C, Mozaffarian 
D, Monteiro CA. Ultra-processed foods and added sugars in the US diet: 
evidence from a nationally representative cross-sectional study. BMJ open. 
2016;6:e009892.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.3390/nu14194111
https://doi.org/10.3390/nu14194111

	Insulinemic potential of diet and the risk of type 2 diabetes: a meta-analysis and systematic review
	Abstract
	Introduction
	Materials and methods
	Search strategy
	Inclusion criteria
	Exclusion criteria
	Data extraction
	Validity and quality assessment of studies
	Statistical analysis

	Results
	Study selection
	Study characteristics
	Meta-analysis
	Association between the EDIH and the risk of T2D


	Risk of bias assessment
	Sensitivity analysis
	Discussion
	Conclusions
	References


