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Background: Type 2 diabetes mellitus (T2DM) is a global health crisis linked to 
increased cardiovascular risk. Research indicates that better dietary quality—
higher intake of fruits, vegetables, and whole grains, and lower intake of 
processed foods—reduces T2DM risk. This study examines the relationship 
between T2DM and dietary quality indices (DQI-I and DQI-R) to determine if 
adherence can lower diabetes risk. By analyzing dietary patterns in individuals 
with and without diabetes, the research aims to identify key nutritional factors 
influencing disease risk and provide evidence-based dietary recommendations 
for prevention and management.

Methods: This case-control study involved 128 T2DM patients and 256 controls, 
assessing dietary intake with a validated 168-item food frequency questionnaire 
to calculate the Dietary Quality Index-I (DQI-I) and Dietary Quality Index-R 
(DQI-R). Multivariable logistic regression analysis explored the relationship 
between DQI-I, DQI-R, and their components with T2DM development odds.

Results: The mean (SD) age and body mass index (BMI) of participants, 
comprising 53.7% men, were 37.8 (7.8) years and 27.7 (3.3) kg/m2, respectively. 
In the final model, each standard deviation increase in the DQI-I score was 
associated with reduced odds of T2DM (odds ratio [OR] = 0.61; 95% confidence 
interval [CI] = 0.37–0.92; p = 0.046). Among the components of the DQI-I, 
a high adequacy score was significantly correlated with lower odds of T2DM 
(OR = 0.13; 95% CI = 0.05–0.36; p < 0.001). Additionally, participants in the 
highest tertile of the DQI-R score exhibited lower odds of T2DM compared 
to those in the lowest tertile (OR = 0.29; 95% CI = 0.11–0.49; p < 0.001). 
Furthermore, within the components of the DQI-R, a high moderation score 
was associated with a decreased risk of T2DM (OR = 0.19; 95% CI = 0.09–0.45; 
p < 0.001).
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Conclusion: The case-control study suggests a potential protective effect of 
diets with higher scores on the Diet Quality Index-International (DQI-I) and 
Revised Diet Quality Index (DQI-R) in reducing T2DM risk. Future research should 
focus on larger sample sizes and prospective designs to further investigate the 
DQI-I, DQI-R, and their components in relation to T2DM and other chronic 
diseases.
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1 Introduction

T2DM represents a significant global health challenge 
characterized by insulin resistance and elevated blood glucose levels, 
currently impacting 463 million individuals and projected to increase 
to 700 million by 2045 (1). A comprehensive understanding of its 
epidemiology and risk factors, including lifestyle and genetic 
influences, is essential for the development of effective management 
and prevention strategies (2).

Recent iterations of the Diet Quality Index (DQI), such as the 
DQI-R, align with contemporary nutritional objectives by evaluating 
food consumption based on fitness characteristics and their 
association with chronic disease risks, including type 2 diabetes (3). 
Elevated DQI scores, which prioritize the consumption of fruits, 
vegetables, and dietary fibers over processed foods, are linked to a 
lower risk of diabetes. There is a need for broader coverage and 
additional research into the dietary impacts on diabetes (4, 5).

The Revised Diet Quality Index (DQI-R) evaluates dietary 
patterns aimed at reducing the risk of diabetes by integrating 
contemporary nutritional research and health guidelines, with a focus 
on plant-based proteins and whole grains (6–8). Higher DQI-R scores 
correlate with a reduced risk of diabetes, thereby shaping dietary 
guidelines and informing public health strategies (9, 10).

The examination of atherosclerosis risk in community data 
indicates that significant weight loss through dietary modifications 
markedly reduces the risk of cardiovascular disease (CVD) but does 
not similarly affect the risk of diabetes (11, 12). This underscores the 
necessity for precise nutritional assessments in the context of CVD 
prevention (13). Additionally, a study conducted within an Asian 
population revealed that adherence to healthful dietary patterns, such 
as the Mediterranean and DASH diets, significantly diminishes the 
risk of type 2 diabetes, particularly among non-smokers (14).

This study examines the relationship between type 2 diabetes and 
two DQI (DQI-I and DQI-R) to ascertain whether greater adherence 
to these indices is linked to a reduced risk of developing diabetes. By 
analyzing the dietary patterns of individuals with and without 
diabetes, the research aims to identify critical nutritional components 
that influence disease risk and to provide evidence-based dietary 
recommendations for the prevention and management of diabetes. 
Ultimately, this investigation seeks to enhance global health outcomes 
through dietary preventive strategies.

Improved infants’ DQI-I and Revised DQI-R scores cannot 
predict a lower glycemic index level and, as a consequence, a lower 
propensity to T2DM.

Patients with T2DM who have better DQI-I and DQI-R scores 
were at lower risk of developing T2DM. It can also involve 
hypothesized relationships between the scores on the various 

sub-domains of the DQI-I and DQI-R and T2 DM risk (Such as, 
higher adequacy score in DQI-I implies a lesser likelihood of T2DM).

2 Materials and methods

2.1 Study population

This research utilized a case-control study design, concentrating 
on participants who were between the ages of 18 and 60 years old. 
These individuals had been diagnosed with type 2 diabetes within the 
last 6 months, with their diagnosis being based on established criteria 
related to glucose levels. Specifically, this included fasting blood sugar 
(FBS) levels of 126 mg/dL or greater and 2-h post-glucose (2 h-PG) 
levels of 200 mg/dL or greater, as referenced in prior studies (15). In 
addition to the diabetic participants, the study also incorporated 
healthy individuals who fell within the same age range, ensuring they 
met specific glucose level criteria as well. For these healthy 
participants, their FBS levels were required to be less than 100 mg/dL 
and their 2 h-PG levels had to be below 200 mg/dL, as also noted in 
previous research (15). The study established several exclusion criteria 
to maintain the integrity of the findings. Individuals with certain 
chronic diseases were not included, nor were those diagnosed with 
Type 1 diabetes or gestational diabetes. Additionally, participants who 
were following specific dietary regimens or taking particular 
medications were excluded from the study. Pregnant women and 
those who were breastfeeding were also not considered eligible for 
participation. Moreover, individuals who had a family history of 
diabetes or hypertension were excluded from the study. Lastly, 
participants who failed to complete the food frequency questionnaire, 
which consisted of more than 35 items, or whose reported energy 
intake was outside the specified range of 800–4,200 kilocalories (16), 
were also excluded from the analysis.

2.2 Dietary assessment

Personal interviews and a semi-quantitative food frequency 
questionnaire (FFQ) with 168 food items were used to gather data on 
dietary consumption. Specifically, the year before the case group’s 
diagnosis and the year before the control group’s interview were the 
years previously to which the FFQ asked about the frequency of 
consumption for each item during the previous year. For every food 
type, participants indicated how often they consumed it (daily, weekly, 
monthly, or annually). A nutritionist gave instructions on how to use 
four scales to convert reported food item quantities from home 
measurements to grams in order to assure measurement uniformity. 

https://doi.org/10.3389/fnut.2024.1501349
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


El-Sehrawy et al. 10.3389/fnut.2024.1501349

Frontiers in Nutrition 03 frontiersin.org

Every person’s daily food consumption was represented in grams, 
determined by calculating their intake. A customized version of 
Nutritionist IV software was used to determine the nutritional 
makeup of every item.

2.3 Calculation of DQI-I

Using the methods developed by Kim et al. (17), the Diet Quality 
Index-I (DQI-I) was calculated. Higher scores are indicative of a 
greater food quality; the scoring system goes from 0 to 100. Four 
main dietary evaluation elements are included in the DQI-I: 
moderation (0–30 points), overall balance (0–10 points), diversity 
(0–20 points), and adequacy (0–40 points). The literature (13), for 
example, provides extensive information on the DQI-I calculation. A 
score of 0–15 is obtained for variety based on the total diversity of 
dietary categories, which include dairy, meat, poultry, fish, eggs, 
beans, grains, fruits, and vegetables. Furthermore, the diversity of 
protein sources within the category (meat, poultry, fish, dairy, beans, 
and eggs) adds a score ranging from 0 to 5. The eight components that 
make up the adequacy score are as follows: fruits, vegetables, grains, 
fiber, protein, iron, calcium, and vitamin C. Each component has a 
possible score ranging from 0 to 5. The moderation score was 
calculated by calculating the scores for total fat, saturated fat, 
cholesterol, salt, and meals without added calories. Based on 
predetermined cut-off points, each item was assigned a value between 
0 and 6. The fatty acid ratio (Polyunsaturated fatty acids [PUFA]: 
Monounsaturated fatty acids [MUFA]: Saturated fatty acids [SFA]) 
and the macronutrient ratio (carbohydrate:protein:fat), which were 
graded on scales of 0–4 and 0–6, respectively, were used to evaluate 
the overall balance (13).

2.4 Calculation of DQI-R

Haines et al.’s approach was followed in the computation of the 
DQI-R (18). Throughout their investigation, they included 10 different 
elements in all, and each element received a score between 0 and 10. 
These included foods in a variety of forms, with particular attention 
to total fat, saturated fat, and cholesterol. They also included foods 
such as fruits, vegetables, grains, calcium, iron, and a varied and 
moderate diet. The evaluation of four major food categories was used 
to determine dietary variety, with a maximum score of 2.5 possible for 
each category. The dietary groupings included of grains, which were 
further categorized into seven subgroups; vegetables, which were 
further separated into seven subgroups; fruits, which were categorized 
into three subgroups; and meat and dairy, which were further divided 
into seven subgroups. One-quarter of a serving of daily consumption 
for each individual category was the cut-point used to calculate the 
score for dietary variety. We also used three particular components to 
calculate the moderation score, each of which may have a maximum 
value of 2.5. Added sugars, fats that are optional, and salt consumption 
were among these elements. The original suggested range of 0 to 10 
for the moderation score was changed to a range of 0–7.5 due to the 
lack of data on alcohol intake pertinent to the idea of “moderation.” 
As a result, rather than as expected, the overall DQI-R score varied 
from 0 to 97.5. Previous research has provided extensive information 
on the DQI-R computation (14).

2.5 Statistical analysis

Version 21 of SPSS was used for statistical analysis. Using 
histograms and the Kolmogorov–Smirnov test, normality was 
evaluated. For quantitative data, population characteristics were 
presented as mean ± SD or median (IQR), and for qualitative data, as 
percentages. Chi-square and t-tests were used to examine the 
differences between the cases and controls. DQI-I and DQI-R scores 
were used to divide participants into tertiles. After controlling for 
covariates, the association between dietary indicators and the 
likelihood of developing diabetes was investigated using multivariable 
logistic regression. A significance threshold of p < 0.05 was applied to 
the presented odds ratios and confidence intervals.

3 Results

The mean values along with the standard deviation (SD) for the 
DQI-I and the DQI-R across all populations included in the study 
were found to be 61.4 ± 5.9. When examining the specific groups, the 
cases exhibited a mean DQI-I of 61.6 ± 6.3, while the control group 
had a mean of 61.2 ± 6.1. In terms of the DQI-R, the overall mean was 
recorded at 73.4 ± 11.9, with cases showing a mean of 73.2 ± 11.4 and 
controls presenting a mean of 73.6 ± 11.7. The details regarding 
general demographic information and the scores associated with 
DQI-I, as well as its individual components measured per 1,000 
kilocalories of energy intake, are presented in Table 1 for both cases 
and controls. Notably, when comparing the diabetes patients to the 
control group, it was observed that the former had significantly 
elevated values for Body Mass Index (BMI), percentage of individuals 
who smoke, family size, instances of foreign travel, income levels, and 
a more favorable socioeconomic status (SES). Furthermore, the 
diabetes patients exhibited a lower total variety score, indicating less 
diversity in their diet, a diminished score reflecting overall food group 
variety, and a heightened score for the variety of protein sources, with 
statistical significance indicated by p < 0.05.

The dietary information and scores for the components of the 
DQI-R and its components (per 1,000 Kcal of energy consumption) 
for the patients and controls are shown in Table  2. Patients with 
diabetes had much lower scores for dietary cholesterol, iron, and 
vegetable intake, along with less variation in their fruit and vegetable 
intake. Furthermore, these individuals showed reduced discretionary 
fat and added sugar moderation scores, reduced overall moderation 
scores, and a poorer DQI-R score overall (p < 0.05). In contrast, there 
was a significant difference (p < 0.01) in the energy intake of the case 
group compared to the control group.

Table 3 shows the association between the chance of diabetes and 
the DQI-I and its key components. Both the crude and age-and 
sex-adjusted models showed significant inverse associations between 
participants in the highest tertiles of DQI-I, variety score, and 
moderation score and the odds of diabetes; however, these associations 
did not hold true in the final adjusted model when factors such as 
body mass index (BMI), smoking status, physical activity, 
socioeconomic status (SES), and energy intake were taken into 
account. More specifically, no correlations were seen between the 
likelihood of having diabetes and greater DQI-I (OR = 0.71, 95% CI 
[0.35–1.85]; p-trend: 0.688), variety score (OR = 0.32, 95% CI [0.11–
1.15]; p-trend: 0.084), or moderation score (OR = 0.63, 95% CI 
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[0.43–1.79]; p-trend: 0.671). The crude model (OR = 0.37, 95% CI: 
0.24–0.71; p-trend < 0.001), the age and sex-adjusted model 
(OR = 0.39, 95% CI: 0.21–0.68; p-trend < 0.001), and the final adjusted 
model (OR = 0.26, 95% CI: 0.04–0.57; p-trend < 0.001) all showed 
significantly lower odds of diabetes among participants in the highest 
tertile of adequacy scores when compared to those in the lowest 
tertile. However, in all three of the logistic regression models 
examined, the total balance score did not show a statistically 
significant correlation with the probabilities of having diabetes.

Table 3 shows the odds ratio (OR) for diabetes for each standard 
deviation (SD) rise in DQI-I and its main components in the context 
of several adjusted models. In all adjusted models, a one standard 
deviation increase in DQI-I and adequacy score was linked to a lower 
probability of having diabetes; in the fully adjusted model, the odds 

ratio (95% confidence interval) for diabetes per standard deviation 
increase in DQI-I and adequacy score were 0.61 (0.37–0.92) and 0.42 
(0.22–0.60), respectively (p < 0.05). A one standard deviation rise in 
the moderation score was associated with a statistically significant 
decrease in the likelihood of having diabetes in the crude, age-and 
sex-adjusted, and final adjusted models (OR = 0.89, 95% CI: 0.59–
1.08; p-value: 0.379). Nevertheless, this significant connection was no 
longer present. A one standard deviation increase in variety and 
overall balance scores did not significantly correlate with the 
likelihood of having diabetes, according to three logistic regression 
models. The odds ratios (OR) and 95% confidence intervals (CI) for 
diabetes per standard deviation increase in overall balance and variety 
scores in the multivariable model were 1.09 (0.92–1.36) and 0.91 
(0.62–1.16), respectively (p > 0.05).

TABLE 1 Overview of general information and scores of DQI-I and its components for cases and controls.

Variables Controls (n = 256) Diabetes (n = 128) p-value*
Age (years) 38.1 ± 7.9 37.6 ± 7.7 0.325

Male (%) 51.8 55.6 0.258

BMI (Kg/m2) 25.3 ± 2.9 30.2 ± 3.7 <0.001

Smoking, (yes, %) 6.2 13.1 0.041

Physical activity (MET/min/week) 1,654 ± 812 1,098 ± 622 <0.001

Socio economic status (%) <0.001

Low (%) 28.7 20.8

Middle (%) 45.4 45.7

High (%) 25.9 33.5

DQI-I components (per 1,000 Kcal)

Variety score 6.41 ± 1.95 6.38 ± 1.75 0.247

Overall food group variety score 5.74 ± 1.60 5.12 ± 1.34 0.002

Variety for protein source score 1.02 ± 0.52 1.25 ± 0.71 0.004

Adequacy score 18.3 ± 4.2 16.1 ± 2.9 <0.001

Vegetable group score 2.19 ± 0.89 1.14 ± 0.64 <0.001

Fruit group score 2.65 ± 0.81 1.21 ± 0.61 0.025

Grain group score 2.74 ± 0.51 2.71 ± 0.53 0.091

Fiber score 2.61 ± 0.62 2.09 ± 0.49 0.015

Protein score 2.81 ± 0.78 2.24 ± 0.54 0.048

Iron score 2.74 ± 0.79 2.18 ± 0.48 0.018

Calcium score 2.34 ± 0.62 2.04 ± 0.41 0.027

Vitamin C score 2.27 ± 0.83 1.96 ± 0.54 0.002

Moderation score 7.5 ± 3.1 6.1 ± 2.9 0.034

Saturated fat score 0.00 (0.00–1.98) 0.45 (0.00–1.64) 0.547

Cholesterol score 2.41 ± 0.39 2.12 ± 0.41 0.039

Sodium score 0.00 (0.00–1.55) 0.00 (0.00–1.35) 0.148

free-calorie foods score 1.12 (0.00–2.02) 0.00 (0.00–1.54) 0.024

Overall balance score 0.41 (0.00–1.45) 0.75 (0.00–1.950) 0.741

Macronutrient ratio (carbohydrate:protein:fat) score 0.00 (0.00–2.15) 0.00 (0.00–2.34) 0.541

Fatty acid ratio (PUFA:MUFA: SFA) score 0.00 (0.00–1.21) 0.00 (0.00–1.15) 0.451

DQI-I score (per 1,000 Kcal) 36.1 ± 7.4 33.2 ± 6.3 0.003

Data are reported mean ± SD or median (25–75 interquartile range) for continuous variables and percentages for categorical variables.
*p-value was determined using the independent two-sample t-test and Chi-square test for continuous and categorical variables, respectively.
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Table 4 displays the odds ratios (OR) and 95% confidence intervals 
(CI) for diabetes across the tertiles of the DQI-R and its constituent 
parts. Additionally, the scores are shown per standard deviation of 
scores in connection to an energy intake of 1,000 kcal. In all regression 
models, lower risks of diabetes were consistently associated with 
higher DQI-R and dietary moderation scores. In particular, in the 
crude and final models, the OR (95% CI) for diabetes among 
individuals in the highest vs. lowest tertiles of DQI-R were 0.42 (0.25–
0.61), p-trend <0.001, and 0.29 (0.11–0.49), p-trend <0.001, 
respectively. Moreover, in the crude and final adjusted models, the OR 
(95% CI) for diabetes among individuals in the highest vs. lowest 
tertiles of the dietary moderation score were 0.39 (0.24–0.66), p-trend 
<0.001, and 0.19 (0.09–0.45), p-trend <0.001, respectively. A greater 
dietary variety score was not linked to an increased risk of developing 
diabetes in any of the three logistic regression analysis models. The 
odds ratio (OR) for diabetes in the final adjusted model, comparing 
the highest to lowest tertile of dietary variety score, was 1.06 (0.49–
2.27) with a 95% confidence interval (CI), and the p-trend was 0.814.

Additionally, all adjusted models showed lower chances of 
diabetes with each standard deviation (SD) rise in the DQI-R and 
dietary moderation scores (Table 4). The odds ratios (OR) with 95% 
confidence intervals (CI) for diabetes in the final adjusted model were 
0.51 (0.31–0.72), p < 0.001 for the DQI-R, and 0.41 (0.29–0.56), 
p < 0.001 for the dietary moderation score. In contrast, none of the 

logistic models showed a significant correlation between dietary 
variety and diabetes with a one standard deviation rise in the score. 
The odds ratio (95% confidence interval) for diabetes per standard 
deviation increase in dietary variety score was 0.93 (0.77–9.23), 
p = 0.417, in the final adjusted model.

The present case-control study aimed to evaluate the relationship 
between two indices of dietary quality, namely DQI-I and DQI-R, 
with T2DM risk. The current study provides evidence to support the 
hypothesis that better DQI has a protective effect against T2DM. For 
each standard deviation increase in DQI-I, the odds of T2DM 
decreased by 39% (OR = 0.61; 95% CI = 0.37–0.92; p = 0.046), and 
this effect was mainly in adequacy (OR = 0.42; 95% CI = 0.22–0.60; 
p < 0.05). In the same manner, subjects with T2DM in the highest 
tertile of DQI-R had significantly lower odds of T2DM than those in 
the lowest tertile (OR = 0.29; 95% CI = 0.11–0.49; p < 0.001) and the 
moderation component had the strongest negative association 
(OR = 0.41; 95% CI = 0.29).

Such outcomes bear testimony to earlier findings that show that 
diets high in fruits, vegetables, whole grains, and fiber and low in 
saturated fats, added sugar, and processed foods reduce the risk of 
diabetes (4, 7, 8, 10). The observed significant association is with the 
‘adequacy’ component of DQI-I which emphasizes the need for 
adequate intake of fruits and vegetables, fiber, proteins, iron, calcium 
and Vitamin C. The close correlation with the “moderation” factor of 

TABLE 2 Overview of general information and scores of DQI-R and its components for cases and controls.

Variables Controls (n = 256) Diabetes (n = 128) p-value*

Dietary intake

Energy intake (Kcal/d) 2,341 ± 578 2,717 ± 614 0.028

Carbohydrate (% of energy) 54.6 ± 5.8 55.1 ± 6.1 0.855

Protein (% of energy) 13.2 ± 2.2 12.9 ± 2.1 0.247

DQI-R components (per 1,000 Kcal)

Total fat score 3.12 ± 1.95 3.23 ± 1.75 0.174

Saturated fatty acids score 3.05 ± 1.60 3.12 ± 1.34 0.247

Dietary cholesterol score 3.92 ± 1.17 3.98 ± 1.35 0.455

Fruit intake score 4.17 ± 2.41 4.85 ± 2.67 0.085

Vegetable intake score 3.74 ± 1.89 2.86 ± 1.64 0.039

Grain intake score 2.19 ± 1.66 2.24 ± 1.67 0.417

Calcium intake score 3.20 ± 1.52 3.27 ± 1.57 0.142

Iron intake score 4.31 ± 1.52 4.64 ± 1.71 0.049

Dietary diversity score 2.35 ± 0.74 2.64 ± 0.76 0.127

Grains score 0.47 ± 0.11 0.50 ± 0.13 0.351

Vegetable score 0.61 ± 0.13 0.52 ± 0.12 0.025

Fruit score 1.13 ± 0.51 0.95 ± 0.53 0.031

Meat and dairy score 0.73 ± 0.21 0.72 ± 0.21 0.814

Dietary moderation score 3.21 ± 1.78 2.24 ± 1.54 0.018

Added sugar score 2.01 ± 0.59 2.32 ± 0.68 0.027

Discretionary fat score 1.24 ± 0.62 0.94 ± 0.41 <0.001

Sodium score 1.31 ± 0.83 1.34 ± 0.54 0.742

DQI-R score (per 1,000 Kcal) 39.5 ± 9.1 34.1 ± 8.7 <0.001

Data are presented as mean ± standard deviation.
*p-value was determined using the independent two-sample t-test.
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DQI-R underlines the necessity of restraining the intake of unhealthy 
fats, added sugars and sodium.

However, it is important to note the following limitations of this 
research. Recall bias, especially in terms of diet, is a major drawback 
of the case control design, although this is an efficient study design for 
identifying associations. The use of a FFQ, while having been shown 
to be valid in this study, may have measurement error. The small 
number of participants may confine the results’ generalization. 
Moreover, the cross-sectional nature of the data means that it is not 
possible to establish cause effect relationships; we are only able to 
determine that higher dietary quality is associated with a lower T2DM 
risk. Other factors, which could not be  controlled for in the 
multivariate analysis (BMI, smoking, physical activity, SES, energy 
intake) may still affect the findings.

However, it must be noted that our study has some limitations 
which must be  taken into consideration Since the current study 
contributes to a growing body of literature on the role of diet quality 
in T2DM prevention and control, the results of the current study are 
significant. The consistency of the observed relationships in both the 

DQI-I and DQI-R, together with strong correlations between the 
adequacy and moderation components of these indices, supports the 
call for efforts to improve dietary habits as a key approach to mitigating 
the impact of T2DM on the global population.

3.1 Future research directions

For the purpose of future research, the limitation of this present 
work should be  taken into consideration. Future research should 
involve larger prospective studies with longer follow-up duration that 
will provide clearer evidence about causal links between DQI-I, 
DQI-R and T2DM risk. Better approximations of dietary intake might 
be realized through the use of more complex dietary assessment tools, 
for example 24-h dietary recalls or multiple administrations of an 
FFQ. More research is still required to get more details on the way that 
dietary quality is associated with T2DM risk, and on the best dietary 
advice for different population groups and settings. Further research 
on the co-relationships between dietary quality and other aspects of 

TABLE 3 Odds ratios (95% confidence intervals) for T2DM across tertiles of the DQI-I and its primary components, as well as per one standard deviation 
of scores in relation to 1,000 kilocalories of energy intake within the study population.

Variable Tertiles of DQI-I

T1 T2 T3 p for trend Per one SD p-value

DQI-I

Median score, SD 22.31 29.27 39.78 – – –

Crude model 1.00 (Ref) 0.53 (0.39–0.91) 0.51 (0.38–0.90) 0.017 0.72 (0.63–0.95) 0.012

Model 1* 1.00 (Ref) 0.53 (0.41–0.92) 0.49 (0.32–0.87) 0.039 0.69 (0.61–0.94) 0.034

Model 2† 1.00 (Ref) 0.58 (0.35–1.27) 0.58 (0.24–1.52) 0.134 0.61 (0.37–0.92) 0.046

Variety

Median score, SD 5.87 7.41 9.45 – – –

Crude model 1.00 (Ref) 0.91 (0.63–1.37) 0.61 (0.41–0.96) 0.046 0.84 (0.73–1.07) 0.248

Model 1* 1.00 (Ref) 0.89 (0.61–1.34) 0.64 (0.40–0.97) 0.041 0.84 (0.73–1.07) 0.219

Model 2† 1.00 (Ref) 0.94 (0.53–1.62) 0.56 (0.33–1.17) 0.081 0.91 (0.62–1.16) 0.572

Adequacy

Median score, SD 14.27 18.04 22.71 – –

Crude model 1.00 (Ref) 0.63 (0.39–0.89) 0.41 (0.24–0.63) <0.001 0.65 (0.57–0.79) 0.028

Model 1* 1.00 (Ref) 0.61 (0.37–0.85) 0.39 (0.5–0.61) <0.001 0.63 (0.73–0.78) <0.001

Model 2† 1.00 (Ref) 0.51 (0.34–0.81) 0.13 (0.05–0.36) <0.001 0.42 (0.22–0.60) 0.031

Moderation

Median score, SD 3.04 5.41 10.12 – –

Crude model 1.00 (Ref) 0.75 (0.52–1.14) 0.71 (0.41–0.97) 0.016 0.78 (0.55–0.93) 0.028

Model 1* 1.00 (Ref) 0.79 (0.53–1.25) 0.61 (0.41–0.94) 0.038 0.75 (0.53–0.92) 0.012

Model 2† 1.00 (Ref) 1.27 (0.62–1.94) 0.83 (0.46–1.52) 0.344 0.89 (0.59–1.08) 0.379

Overall balance

Median score, SD 0.00 0.79 1.94 – –

Crude model 1.00 (Ref) 1.92 (1.24–2.81) 1.23 (0.89–1.82) 0.281 0.93 (0.78–1.11) 0.357

Model 1* 1.00 (Ref) 1.96 (1.31–2.93) 1.29 (0.93–1.97) 0.214 0.98 (0.81–1.14) 0.497

Model 2† 1.00 (Ref) 2.37 (1.17–3.95) 1.72 (1.05–3.07) 0.119 1.09 (0.92–1.36) 0.254

*Model 1: adjusted for age and sex.
†Model 2: adjusted for model 1 and body mass index, smoking, physical activity, socio-economic status, and dietary intake of energy.
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lifestyle including exercise, genetic makeup will also help to explain 
more about T2DM causes and how it can be  prevented. Last, 
evaluating the cost-benefit analysis of dietary interventions according 
to DQI-I and DQI-R would provide direction to the public 
health policy.

4 Discussion

The DQI serves as a critical instrument for investigating the 
relationship between dietary quality and the risk of type 2 diabetes and 
other metabolic disorders (19). The DQI provides a comprehensive 
evaluation of dietary adherence, which is directly linked to health 
outcomes through the monitoring of food intake and the assessment 
of compliance with prescribed dietary regimens (20). Elevated DQI 
scores, indicative of a diet abundant in fruits, vegetables, whole grains, 
and lean proteins, have consistently been associated with a diminished 
risk of type 2 diabetes (21). This correlation highlights the potential of 
a nutrient-dense, well-balanced diet to mitigate the risk of metabolic 
disorders by facilitating weight management, improving glycemic 
control, and reducing inflammation.

The significance of the DQI extends beyond diabetes, 
encompassing a broader spectrum of metabolic disorders, including 
obesity, hypertension, and dyslipidemia (22). For instance, diets 
characterized by low DQI scores typically contain elevated levels of 
salt, saturated fats, and refined carbohydrates, all of which are 
implicated in the pathophysiology of these conditions (23). 
Conversely, high DQI scores in dietary assessments indicate adherence 
to key dietary guidelines, fostering moderation in caloric intake and 
the consumption of a diverse array of essential nutrients (24). These 
diets are not only critical for the prevention of type 2 diabetes but also 

substantially reduce the risk of related metabolic disorders. This 
underscores the importance of maintaining high dietary quality as an 
integral component of a comprehensive public health strategy (25). 
DQI serves as a vital instrument in the ongoing efforts to enhance 
dietary interventions and foster healthy eating behaviors among 
individuals, particularly as nutritional patterns evolve globally (26).

The DQI-I and its revised version, the DQI-R, serve as critical 
tools for evaluating the impact of dietary patterns on the risk of 
developing type 2 diabetes (27). The DQI-I assesses dietary intake 
based on four fundamental criteria: variety, adequacy, moderation, 
and overall balance. It promotes a diverse range of nutrients while 
restricting the consumption of detrimental components, such as 
excessive sugars and saturated fats, which are associated with impaired 
insulin sensitivity and increased obesity risk (28). The DQI-R 
enhances this approach by placing a stronger emphasis on the quality 
of fats and carbohydrates rather than merely their quantity, 
underscoring the detrimental effects of refined sugars and processed 
foods. By examining these nutritional components, each index 
delineates dietary patterns that either reduce or elevate the risk of type 
2 diabetes, thereby providing a basis for targeted dietary interventions 
and public health strategies aimed at diabetes prevention and 
management (29).

Nutritional variety constitutes a fundamental aspect of a balanced 
diet and overall health, with the DQI-I and DQI-R serving as critical 
instruments for its assessment and promotion (30). The DQI-I 
underscores the necessity of consuming a diverse array of nutrients by 
evaluating dietary intake through the principles of diversity, 
sufficiency, and balance across multiple food groups. It assesses the 
inclusion of primary food categories, including fruits, vegetables, 
grains, protein sources, and dairy, to promote adequate intake of 
essential vitamins and minerals. To ensure that the diversity in 

TABLE 4 Odds ratios (95% confidence intervals) for T2DM across tertiles of the DQI-R and its primary components, as well as per one standard 
deviation of scores in relation to 1,000 kilocalories of energy intake within the study population.

Variable Tertiles of DQI-I

T1 T2 T3 p for trend Per one SD p-value

DQI-R

Median score, SD 26.74 37.42 48.17 – – –

Crude model 1.00 (Ref) 0.61 (0.38–0.92) 0.42 (0.25–0.61) <0.001 0.71 (0.53–0.84) <0.001

Model 1* 1.00 (Ref) 0.59 (0.42–0.89) 0.35 (0.16–0.56) <0.001 0.69 (0.51–0.81) <0.001

Model 2† 1.00 (Ref) 0.46 (0.27–0.82) 0.29 (0.11–0.49) <0.001 0.52 (0.31–0.72) <0.001

Dietary diversity

Median score, SD 2.31 2.98 4.01 – – –

Crude model 1.00 (Ref) 0.98 (0.72–1.21) 0.79 (0.51–1.11) 0.369 0.83 (0.70–1.06) 0.126

Model 1* 1.00 (Ref) 1.07 (0.79–1.30) 0.83 (0.53–1.18) 0.271 0.81 (0.68–1.02) 0.324

Model 2† 1.00 (Ref) 1.22 (0.85–2.50) 1.06 (0.49–2.27) 0.814 0.93 (0.79–1.23) 0.417

Dietary moderation

Median score, SD 1.96 3.03 4.32 – – –

Crude model 1.00 (Ref) 0.47 (0.36–0.71) 0.39 (0.24–0.66) <0.001 0.58 (0.47–0.70) <0.001

Model 1* 1.00 (Ref) 0.45 (0.33–0.69) 0.37 (0.22–0.62) <0.001 0.58 (0.47–0.70) <0.001

Model 2† 1.00 (Ref) 0.40 (0.29–0.64) 0.19 (0.09–0.45) <0.001 0.41 (0.29–0.56) <0.001

*Model 1: adjusted for age and sex.
†Model 2: adjusted for model 1 and body mass index, smoking, physical activity, socio-economic status, and dietary intake of energy.
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weight-reduction strategies encompasses both high nutritional quality 
and quantity, the DQI-R enhances this evaluation by prioritizing the 
healthiest and most beneficial food groups (31). Utilizing both indices 
facilitates the identification of meals that are both plentiful and 
adequately nutrient-dense. This approach aids individuals in adopting 
healthier dietary practices, potentially mitigating nutritional 
deficiencies and promoting sustained fitness over time (32).

This study, grounded in the DQI-I and DQI-R, investigates the 
relationship between nutritional diversity and the incidence of type 
2 diabetes. The average DQI-I scores for individuals with diabetes 
and control participants were comparable, suggesting no significant 
differences in dietary quality. In contrast, the DQI-R scores 
indicated that control participants exhibited slightly higher dietary 
quality than those with diabetes, implying that non-diabetic 
individuals tend to have superior dietary patterns. Among 
individuals with higher adequacy ratings, a correlation was 
observed between lower risks of T2DM and reduced dietary 
diversity, particularly in the consumption of fruits and vegetables. 
However, the associations between the DQI-I’s variety and 
moderation scores diminished after adjusting for confounding 
variables such as BMI and socioeconomic status. Importantly, the 
dietary diversity score did not demonstrate a significant association 
with diabetes risk, with odds ratios remaining close to unity. This 
analysis investigates the relationship between the DQI-I and the 
DQI-R in the context of T2DM. The mean DQI-I score was similar, 
with diabetic patients demonstrating a marginally higher score 
compared to the control group. In contrast, the mean DQI-R score 
was greater for the control group than for the diabetic cases, 
suggesting superior dietary quality among non-diabetic 
individuals. Diabetic patients displayed reduced dietary diversity, 
particularly in the consumption of fruits and vegetables, alongside 
elevated Body Mass Index (BMI) and other associated risk factors. 
Although higher DQI-I scores were initially linked to a decreased 
likelihood of diabetes, these associations weakened after adjusting 
for confounding variables, including BMI and socioeconomic status.

The adequacy component of the DQI-I consistently demonstrated 
a strong association with a reduced risk of diabetes across all adjusted 
models. In contrast, the overall balance and diversity ratings did not 
show a substantial correlation with diabetes risk. The consistent 
association of higher DQI-R scores and dietary moderation with 
reduced diabetes risk emphasizes the importance of overall dietary 
quality rather than variety alone in relation to metabolic health. 
Further research is necessary to comprehensively elucidate 
these relationships.

Despite the higher SES of diabetic individuals, dietary diversity 
was significantly lower. This observation contradicts the common 
expectation that elevated SES correlates with access to a broader array 
of dietary options. Vos et al. (33), assert that higher SES is typically 
linked to enhanced dietary choices, as individuals with greater 
financial resources generally have access to a wider variety of food. 
The discrepancy in our findings may suggest the influence of 
behavioral or cultural factors among diabetics that outweigh the 
financial advantages associated with dietary knowledge.

Consistent with the findings of Yang et  al., a significant 
correlation exists between a diet characterized by low diversity, 
particularly in fruits and vegetables, and an elevated risk of chronic 
illnesses, including diabetes (34). The diminished consumption of 
vegetables, iron, and dietary cholesterol reinforces the hypothesis that 

individuals with diabetes may require more comprehensive dietary 
interventions that prioritize essential micronutrients in addition 
to macronutrients.

The study revealed that despite lower scores on DQI-R notably 
concerning the moderation of added sugars and fats—individuals 
with diabetes maintained a high energy intake. This observation 
implies that the existing dietary guidelines and the framework of the 
DQI-R may not adequately support optimal nutritional decision-
making for this population. Furthermore, Neuhouser et al. highlighted 
that DQI often do not encompass the comprehensive array of 
nutritional factors critical for the management of chronic diseases, a 
limitation that appears to be  corroborated by the findings of this 
study (35).

The adequacy rating of DQI-I emerged as the most significant 
factor, consistently demonstrating a robust inverse correlation with 
diabetes across all analytical models. This finding underscores the 
importance of optimal vitamin intake in mitigating diabetes risk, 
irrespective of other lifestyle factors. The results of the current study 
align with the findings of Perraud et al., who posited that sufficient 
nutrient consumption is essential for preventing recurrent infections. 
This highlights the necessity for a balanced diet that fulfills all 
nutritional requirements (36).

When controlling for confounders related to variety and 
moderation rankings, the lack of significant findings suggests that 
these factors alone may not serve as adequate indicators of reduced 
diabetes risk in the presence of other risk factors. This underscores the 
necessity for a comprehensive integrated approach to dietary 
assessment and intervention that considers all nutritional supplements 
and lifestyle factors. The study by Chong and Macpherson 
corroborates this notion, as they found that physical activity and 
socioeconomic characteristics often mitigate the influence of dietary 
intake on health outcomes (37).

Furthermore, the efficacy of dietary adequacy is markedly 
underscored by the consistent protective effect associated with an 
increase of one standard deviation in the adequacy score across all 
models, including the most rigorously adjusted ones. This is true 
across many different analytical frameworks. Results show that dietary 
interventions focusing on adequate intake of all essential nutrients 
rather than on reduction of harmful dietary components are more 
beneficial. Na and Park (38) emphasize the importance of consuming 
nutrient-dense meals as opposed to merely restricting caloric intake 
to mitigate the risk of chronic diseases.

DQI-I and DQI-R are intricately associated with the management 
and risk of type 2 diabetes through various plausible mechanisms, as 
indicated by their evaluation of dietary quality. Both indices advocate 
for a dietary pattern characterized by low saturated fat and high fiber 
content, which may improve insulin sensitivity and glucose 
metabolism critical factors in regulating blood sugar levels. The 
DQI-R, in particular, emphasizes the quality of carbohydrate intake, 
discouraging excessive consumption of refined sugars and processed 
grains, which are linked to glycemic fluctuations and an increased risk 
of diabetes. Both indices promote dietary diversity and sufficiency, 
ensuring adequate intake of essential micronutrients such as 
magnesium and chromium, which are critical for glucose metabolism 
and insulin function. By guiding individuals toward improved dietary 
patterns, the DQI-I and DQI-R may mitigate infection and oxidative 
stress, while also reducing the risk of diabetes and facilitating effective 
disease management.
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This research demonstrates several strengths, including a clearly 
defined sample of individuals aged 18–60, rigorous diagnostic criteria 
for diabetes, and a comprehensive nutritional assessment employing 
a detailed food frequency questionnaire. The incorporation of both 
DQI-I and DQI-R facilitates an in-depth comparison of DQI 
concerning the risk of T2DM, while accounting for various 
confounding variables. The case-control methodology, while valuable, 
inherently limits the ability to establish causal relationships. 
Additionally, the focus on a narrow age demographic may compromise 
the generalizability of the findings. The application of exclusion 
criteria could further restrict the applicability of the results, and 
reliance on self-reported dietary intake introduces the potential for 
recall bias. Moreover, the alteration of the moderation score due to 
incomplete data on alcohol consumption, coupled with the limited 
range of socioeconomic factors examined, may undermine the 
robustness of the conclusions drawn. Future investigations should 
address these limitations through longitudinal studies and broader 
population sampling to enhance our understanding of the dietary 
influences on the risk of T2DM.

5 Conclusion

In conclusion, the results obtained from this case-control study 
indicated a potential protective effect associated with a diet 
characterized by a higher score on DQI-I and the DQI-R in relation 
to reducing the likelihood of developing TT2DM. It is essential that 
future research endeavors, which should incorporate larger sample 
sizes and utilize prospective study designs, focus on examining the 
DQI-I and DQI-R along with their individual components in 
connection with T2DM as well as other chronic diseases.
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