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Abstract
Background  This study aims to investigate the association between dietary insulin index (DII) and load (DIL) with 
cardiometabolic risk factors and the risk of developing metabolic syndrome (MetS) among patients with type 2 
diabetes (T2DM).

Methods  A cross-sectional study was conducted among 500 T2DM patients. Dietary intake was assessed using 
a validated food frequency questionnaire, and DII and DIL were calculated based on insulin response and energy 
content. Logistic regression analyses were performed to determine the odds ratios (ORs) for MetS.

Results  Participants in the highest quartile of DIL had significantly higher odds of MetS (OR: 2.16; 95% CI: 1.02–4.25, 
P = 0.039) and hyperglycemia (OR: 1.69; 95% CI: 1.08–4.96, P = 0.032). We also discovered that patients in the highest 
quartile of DII had higher odds of MetS (OR: 1.69; 95% CI: 1.08–4.96, P = 0.034) and hyperglycemia (OR: 1.39; 95% CI: 
1.04–4.12, P = 0.019). Furthermore, participants in the highest quartile of DIL (OR: 1.64; 95% CI: 1.00-2.59, P = 0.03) 
and DII (OR: 1.42; 95% CI: 1.05–1.95, P = 0.026) had higher odds of high waist circumference. When it came to 
hypertriglyceridemia, we found a significant association between DII and DIL only in the crude model, not the fully 
adjusted model. However, we didn’t observe any significant association between DII and DIL with hypercholesteremia, 
Low HDL, and high blood pressure (P > 0.05).

Conclusion  Our study provides evidence suggesting that a higher DII and DIL may be associated with an increased 
risk of cardiometabolic risk factors and MetS in patients with T2DM.
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Introduction
T2DM is a prevalent chronic condition characterized 
by impaired insulin function and elevated blood glucose 
levels [1]. The worldwide incidence of T2DM is increas-
ing significantly, with approximately 415  million adults 
diagnosed in 2015 [2]. By 2045, it is projected that this 
number will rise to an estimated 629  million people 
worldwide [3]. This trend poses significant challenges 
to individuals’ overall health and well-being. Managing 
T2DM requires a multifaceted approach, incorporating 
lifestyle modifications and dietary interventions. With 
the global increase in T2DM prevalence, exploring the 
relationship between dietary factors and cardiometabolic 
risk factors has become paramount [4].

Although numerous metabolic and lifestyle factors are 
recognized contributors to the onset of T2DM and its 
associated complications, there is a growing interest in 
the role of environmental factors in the development of 
this disease [5]. Increasingly, a substantial body of evi-
dence indicates that insulin resistance plays a significant 
role in the pathogenesis of T2DM [6]. Insulin resistance, 
a condition where insulin secretion is diminished or insu-
lin is unable to efficiently facilitate the transportation of 
glucose into the body’s peripheral tissues, is crucial in 
the development of both MetS and T2DM [7, 8]. Several 
studies have shown a relationship between postprandial 
insulin changes and the occurrence of various chronic 
diseases. Elevated blood sugar levels after eating and the 
resulting excessive insulin levels are believed to play a 
role in the onset and progression of conditions such as 
obesity, diabetes, cardiovascular disease, and MetS [9, 
10].

The potential of food to trigger the release of insu-
lin after a meal is crucial when considering the preven-
tion and control of insulin resistance and T2DM. While 
the glycemic index (GI) of foods can provide valuable 
insight into how they affect blood sugar levels based on 
their carbohydrate content, it cannot accurately pre-
dict the corresponding insulin response for the major-
ity of food items [11]. One such dietary factor of interest 
is the DII and DIL. The DII measures the insulinemic 
potential of various foods based on their macronutrient 
composition, allowing for a more nuanced understand-
ing of their impact on postprandial glucose and insu-
lin response [12]. Similarly, DIL focuses on the overall 
insulin response elicited by the entire diet. The concept 
of DII refers to a measurement that directly assesses the 
post-meal insulin response to a specific food, comparing 
it to an equal energy portion of a reference food (similar 
to how the glycemic index uses either glucose or white 
bread as a comparison) [13, 14]. The use of the DII is con-
sidered more appropriate for examining the connection 
between chronic disease development and food intake 
compared to the GI because the DII specifically measures 

the insulin response. By utilizing the DII, we can establish 
the DIL by multiplying the DII of each food by its energy 
content and the frequency of consumption [15].

Various studies showed the relationship between DII 
and DIL with chronic diseases such as certain cancers 
[16], obesity [17], diabetes [18] and other diseases, with 
some results being contradictory.

Understanding the relationship between DII and load 
and their association with cardiometabolic risk factors 
in T2DM is crucial for optimizing management and pre-
venting complications. Identifying dietary patterns that 
promote better glycemic control and mitigate cardio-
vascular risk factors can significantly impact the quality 
of life for individuals living with T2DM. Therefore, this 
study is designed to investigate the association between 
DII and load with cardiometabolic risk factors among 
patients with T2DM. Additionally, we evaluated the risk 
of developing MetS, a cluster of cardiometabolic abnor-
malities associated with increased cardiovascular mor-
bidity and mortality.

Materials and methods
Participants and study design
This cross-sectional study was conducted among patients 
with T2DM referred to the specialized diabetes clinic 
of Zanjan University of Medical Sciences, Iran. Patients 
were included in the study if they met the following crite-
ria: (1) diagnosed with T2DM, (2) adults aged between 18 
and 70 years, and either receiving oral anti-diabetic med-
ication or not receiving any pharmacological treatment. 
The diagnosis of T2DM in this study adhered to the crite-
ria set by the American Diabetes Association, which clas-
sifies a person as having T2DM if they meet either of the 
following conditions: a fasting plasma glucose level equal 
to or higher than 126 mg/dl or an oral glucose tolerance 
test result equal to or higher than 200  mg/dl [19]. The 
study excluded pregnant and lactating women, patients 
using insulin, individuals under special diets within the 
past year, those with abnormal calorie intake (less than 
800 kcal or more than 4200 kcal), individuals with auto-
immune diseases such as celiac disease or type 1 dia-
betes, those who experienced hyperglycemia-induced 
ketoacidosis within the last month, people with cancer, 
cognitive diseases like Alzheimer’s or Parkinson’s, indi-
viduals with grade 2 obesity (BMI ≥ 35), non-cooperative 
participants who did not complete the questionnaire, and 
patients who had used antioxidant and anti-inflamma-
tory supplements in the past three months. The sample 
size was calculated according to the study by Abaj et al 
[20]. Based on this, we determined the required sample 
size by considering a type 1 error of 5% (α = 0.05), the 
standard deviation of the dietary insulin index equal to 
5.38 in diabetic patients, and a 95% confidence interval. 
According to this calculation, we needed 445 individuals 
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for the present cross-sectional study. However, the cur-
rent analysis involved data from 500 participants.

Ethics approval
The study was conducted in accordance with the Dec-
laration of Helsinki, and the research protocol received 
approval from the Ethics Committee of Zanjan Uni-
versity of Medical Sciences (Ethics Code: IR.ZUMS.
REC.1402.009). Before collecting data, participants were 
provided with a detailed explanation of the study’s objec-
tives and methods, and informed consent was obtained 
from all subjects.

Dietary intake assessment
We assessed participants’ dietary intakes using a reliable 
block-format 120-item food frequency questionnaire 
(FFQ) validated for adults in Iran [21, 22]. Specifically 
designed for Iranian adults, the questionnaire’s reliabil-
ity and validity have been confirmed by previous stud-
ies investigating the links between diet and disease [17, 
23, 24]. Each participant had the FFQ completed by an 
experienced interviewer. Participants provided dietary 
intake information, specifying whether it was for a day, 
week, month, or year, and indicated their intake based on 
the serving size of each food item. To enhance estimate 
precision, interviewers displayed household measures or 
serving sizes of each food item to participants. We deter-
mined the daily intake in grams for each food item by 
considering its consumption frequency and serving size. 
Additionally, we computed the daily nutrient intake for 
each participant by considering the nutrient content of 
all consumed foods, relying on the national nutrient data-
bank of the US Department of Agriculture [25].

Dietary insulin index and load
The food insulin index represents the increase in insu-
lin response measured over a 2-hour period when con-
suming a 1,000-kJ (239  kcal) portion of the test food, 
relative to the insulin response generated by a 1,000-
kJ (239  kcal) portion of the reference food. The insu-
lin index for 68 different food items was gathered from 
prior studies conducted by Bao et al. (50 items) [26], 
Bell et al. (13 items) [27], and Holt et al. (5 items) [28]. 
The insulin index of three food items, namely tea, cof-
fee, and salt, was determined to be zero due to their 
extremely low levels of energy, carbohydrates, protein, 
and fat. The insulin index measures how much a particu-
lar food item increases insulin levels after consumption. 
In this case, these three items have a negligible impact on 
insulin secretion. To account for the 49 food items not 
included in the referenced studies’ food lists, the insulin 
index of comparable food items was estimated using their 
energy, fiber, carbohydrate, protein, and fat content cor-
relation. This approach allowed for an approximation of 

the insulin index values for those foods based on their 
nutritional composition similarities. Take dates and rai-
sins as an example, both being dried fruits with compa-
rable energy, carbohydrate, fat, protein, and fiber content. 
Consequently, we chose to use the insulin index of rai-
sins to estimate the index for dates, given the similarities 
in nutritional composition between the two fruits. To 
determine the DIL, the initial step involved calculating 
the insulin load of each food. This was done by multiply-
ing the insulin index of the food by the energy content 
per 1 gram of the food and further multiplying it by the 
amount of that food consumed in grams per day. The 
DIL for each individual was determined by adding up the 
insulin load of all the consumed foods. Subsequently, the 
DII for each participant was computed by dividing their 
DIL by their total energy intake [29].

Biochemical assessment
For biochemical evaluation, 10  cc of fasting blood was 
collected from all patients. All experiments were con-
ducted in the central laboratory of Zanjan University of 
Medical Sciences by a skilled technician. Serum concen-
trations of blood sugar, total cholesterol, and triglycerides 
were measured using enzymatic methods with standard 
kits (Pars Azmoon, Tehran, Iran). HDL-C concentrations 
were determined by measuring the precipitation of lipo-
proteins containing apo B using phosphotungstic acid. 
LDL concentration was calculated using Friedewald’s 
formula: LDL-c (mg/dL) = TC (mg/dL) − HDL-c (mg/
dL) − TG (mg/dL)/5 [30].

To measure the SBP and DBP, patients were initially 
asked to sit and rest for 10  min. Each patient’s systolic 
and diastolic blood pressure was then measured twice 
by an expert, and the average of the two readings was 
recorded as the systolic or diastolic blood pressure. Blood 
pressure was measured using a mercury manometer 
(Micro life AG, 9443 Widnau / Switzerland).

Anthropometric and physical activity evaluation
A questionnaire, assessing physical activity using the 
Metabolic Equivalent of Task (MET) system, was 
employed to gauge participants’ engagement in physi-
cal activities [31]. Participants’ height and weight were 
measured using Seca equipment from Germany, with a 
precision of 0.1 kg for weight and 0.5 cm for height. Mea-
surements were taken while participants were dressed 
in lightweight clothing, without shoes. Waist circumfer-
ence was determined with a flexible tape at the midpoint 
between the lowest rib and iliac crest, with an accuracy of 
0.1 cm. Body mass index (BMI) was calculated by divid-
ing weight in kilograms by the square of the height in 
meters.
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Statistical analysis
The patients were categorized into groups based on the 
quartile thresholds of their DIL and DII scores. To exam-
ine variations in quantitative variables across the quar-
tiles of DIL and DII, one-way analysis of variance was 
used. Additionally, for categorical data, a Chi-Square 
test was utilized. Binary logistic regression with adjusted 
models was employed to calculate the odds ratio (OR) 
and 95% confidence interval (CI) for MetS, considering 
the quartiles of DIL and DII scores. MetS was determined 
according to the criteria outlined in the modified Ira-
nian National Cholesterol Education Program for Adults 
[32, 33], where the presence of MetS was indicated by 
having at least three of the following components: (1) 
abdominal obesity (waist circumference ≥ 95 cm for both 
sexes), (2) low HDL-C levels (< 50 mg/dL [1.293 mmol/L] 
for women and < 40  mg/dL [1.034 mmol/L] for men), 
(3) high TG levels (> 150  mg/dL [1.694 mmol/L]), (4) 
abnormal glucose regulation (FBG ≥ 100  mg/dL [5.550 
mmol/L]), and (5) elevated blood pressure (systolic 
blood pressure > 130  mm Hg and diastolic blood pres-
sure ≥ 85 mm Hg).

Different models of binary logistic regression were 
used: Model 1, adjusted for age, sex, and energy intake, 
and Model 2, adjusted for sex, energy intake, BMI, physi-
cal activity, and duration of diabetes. In all models, 
participants in the first quartiles of DIL and DII were 
considered as the reference group. The categories of DIL 
and DII were treated as ordinal variables in the binary 
logistic regression to capture the trend in odds ratios 
across different quartiles. Statistical analyses were per-
formed using SPSS version 18 (SPSS Inc, Chicago, IL). A 
significance level of P < 0.05 was used to determine statis-
tical significance.

Results
General characteristics of participants
Table  1 displays the overall traits of participants across 
different quartiles of DII and DIL. In this study, informa-
tion from a total of 500 patients with T2DM was exam-
ined, with a mean age of 46.93 ± 10.85 years and a mean 
BMI of 28.76 ± 2.66  kg/m2. Two hundred and twenty-
eight participants (45.6%) were male, and the rest were 
female. Additionally, 70% of the participants were mar-
ried, and 22.6% were smokers. The average duration of 
diabetes among the participants was 5.13 ± 3.37 years. In 
terms of physical activity levels, 53.8% of patients were 
less active, 34% were moderately active, and 12.2% were 
active. No significant differences were observed between 
patients across the DII and DIL quartiles in terms of the 
mentioned variables (P > 0.05).

Regarding dietary intake, the average calorie intake 
was 2630 ± 347.66  kcal/day. Additionally, no significant 

differences were found among the DIL and DII quar-
tiles in terms of carbohydrate, protein, and fat intake 
(P > 0.05).

Biochemical variables differences in quartiles of dietary 
insulin index and insulin load
The mean concentration of biochemical indices across 
quartiles of DII and DIL is summarized in Table 2. Par-
ticipants in the highest quartile of DIL had significantly 
higher FBS levels compared to those in the lowest quar-
tile (158.74 ± 30.13  mg/dl vs. 130.12 ± 19.38; P = 0.04). 
Additionally, higher levels of total cholesterol (P = 0.021) 
and DBP (P = 0.04) were found among patients in the 
highest quartile of DIL than in the lowest quartile. How-
ever, no significant differences were observed in terms 
of TG (P = 0.33), LDL (P = 0.29), HDL (P = 0.34), and SBP 
(P = 0.12).

Regarding DII, our analysis results showed that diabetic 
patients in the highest quartile of DII had significantly 
higher concentrations of FBS (P = 0.036) and cholesterol 
(P = 0.024) than those in the lowest quartile. However, 
no significant differences were found across the quar-
tile of DII in terms of TG (P = 0.27), LDL (P = 0.18), HDL 
(P = 0.2), SBP (P = 0.46), and DBP (P = 0.33).

Correlation of DII and DIL with odds of cardiometabolic 
risk factors
The results of the current study indicated that there was 
no significant correlation between DIL and the likelihood 
of MetS in the initial analysis (Table 3) (OR: 1.81; 95% CI: 
0.43–1.95, P = 0.07). However, after adjusting for certain 
factors in Model 1 (OR: 2.59; 95% CI: 1.05–6.48, P = 0.04) 
and Model 2 (OR: 2.16; 95% CI: 1.02–4.25, P = 0.039), it 
was reported that patients in the highest quartile of DIL 
had significantly higher odds of experiencing MetS com-
pared to those in the lowest quartile.

Additionally, both the initial and fully adjusted mod-
els showed that participants in the highest quartile of 
DIL exhibited significantly higher odds of hyperglycemia 
(OR for fully adjusted model: 1.69; 95% CI: 1.08–4.96, 
P = 0.032). Furthermore, a significant correlation between 
DIL and the likelihood of hypertriglyceridemia was found 
only in the initial and Model 1 adjusted analysis (OR for 
Model 1 adjustment: 1.76; 95% CI: 1.09–3.82, P = 0.025), 
but this relationship lost its significance in the second 
adjusted model. In terms of high blood pressure, a sig-
nificant relationship was only observed in Model 1 (OR: 
1.61; 95% CI: 1.13–6.56, P = 0.026). However, no signifi-
cant relationship was found between DIL quartiles and 
hypercholesteremia or low HDL levels (P > 0.05). Finally, 
in relation to WC, patients in the highest DIL quartile 
showed a significant likelihood of having a high WC 
compared to those in the lowest quartile, but this was 
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only observed in the fully adjusted model (OR: 1.64; 95% 
CI: 1.00-2.59, P = 0.03).

On the other hand, patients in the highest DII quartile 
had a significantly higher likelihood of having MetS in 
both Model 1 and the fully adjusted model (OR for the 
fully adjusted model: 1.69; 95% CI: 1.08–4.96, P = 0.034). 
Additionally, it was revealed that patients in the high-
est DII quartile had notably higher odds of experiencing 
hyperglycemia in both the crude and adjusted models 

(OR: 1.39; 95% CI: 1.04–4.12, P = 0.019). In the Model 
1 adjustment, participants in the highest DII quartile 
had a 25% greater risk of hypertriglyceridemia com-
pared to those in the lowest quartile of DII (OR: 1.25; 
95% CI: 1.17–5.02, P = 0.017). However, after accounting 
for potential confounding factors in the fully adjusted 
model, the association disappeared. Regarding high WC, 
patients in the highest DII quartile had a 42% higher risk 

Table 1  The general status of the variables examined in the study in the quartiles of insulin index and insulin load
Quartiles of DIL Quartiles of DII

Variables Q1 (125) Q2 (125) Q3 (125) Q4 (125) P-valued Q1 (125) Q2 (125) Q3 (125) Q4 (125) P-valued

Quartiles 
range

< 150,354 150,355–
184,670

184,671–
228,350

> 228,350 < 46.33 46.34–67.98 67.99–93.49 > 93.50

Age (years) 46.59 ± 11.03 47.05 ± 10.65 46.95 ± 11.98 47.25 ± 11.33 0.59 46.21 ± 11.31 47.23 ± 10.88 46.10 ± 10.9 47.21 ± 11.13 0.63

Sex (male) 57 (45.6%) 57(45.6%) 58(46.4%) 56(44.8%) 0.74 58 (46.4%) 55(44%) 60 (48%) 55 (44%) 0.42

BMI 
(kg/m2)

28.51 ± 2.13 28.29 ± 2.40 29.21 ± 3.12 28.73 ± 2.56 0.63 28.26 ± 2.56 28.15 ± 2.33 29.10 ± 3.06 28.12 ± 2.85 0.51

Weight 
(kg)

79.96 ± 11.31 79.12 ± 12.10 81.08 ± 12.46 80.41 ± 11.67 0.61 80.58 ± 12.41 78.38 ± 11.95 81.12 ± 12.65 80.40 ± 11.93 0.49

Waist
circumfer-
ence
(cm)

92.4 ± 9.43 93.81 ± 10.23 94.12 ± 11.38 94.83 ± 10.75 0.37 92.65 ± 9.51 93.76 ± 10.43 94.5 ± 10.98 94.92 ± 11.25 0.29

Marital 
Status 
(Married)

87(69.6%) 90(72%) 84(67.2%) 89(71.2%) 0.73 89(71.2%) 84(66.4%) 92(73.6%) 85(68%) 0.71

Duration 
of diabetes 
(years)

5.17 ± 3.93 4.92 ± 2.17 5.72 ± 3.11 5.04 ± 3.58 0.47 5.38 ± 3.19 4.49 ± 2.79 5.95 ± 3.65 4.88 ± 2.83 0.55

Smoking 
(yes)

28(22.4%) 30(24%) 25(20%) 30(24%) 0.43 32(25.6%) 25(20%) 27(21.6%) 25(20%) 0.38

Family 
history of 
diabetes 
(%)

64.37 60.21 72.35 69.47 0.28 62.7% 59.8% 73.4% 68.9% 0.16

Physical 
Activity 
(number)

Less active 
people

69 67 68 65 0.44 68 65 70 68 0.35

Moderate 
active

40 45 41 44 40 46 39 42

Active 16 13 16 16 17 14 16 15

Calorie in-
take (kcal/
day)

2525.65±
309.11

2761.30±
369.70

2500±
355.92

2670.43±
369.40

0.55 2542.45±
283.56

2612.19±
345.89

2419.12±
340.51

2543.25±
283.56

0.42

Carbo-
hydrate 
(gram/
day)

300.29±
129.95

290.78±
123.75

339.45±
139.55

342.55±
141.65

0.32 302.5±
132.43

282.67±
128.44

320.29±
144.55

340.51±
143.56

0.26

Fat (gram/
day)

73.62±
28.48

78.44±
32.26

83.34±
32.63

81.5±
30.96

0.48 75±
29.45

76.65±
30.63

82.23±
38.44

80.93±
30.41

0.46

Protein 
(gram/
day)

87.30±
27.69

89.72±
23.40

85.22±
26.11

84.32±
25.43

0.69 85.47±
21.33

88.90±
25.49

87.37±
24.53

83.40±
23.62

0.71

a DIL: dietary insulin load; bDII: Dietary insulin index; c data are presented as standard deviation or percent; d, Obtained from analysis of variance or Chi-squared test, 
where appropriate
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of having a high WC than individuals in the lowest quar-
tile (OR: 1.42; 95% CI: 1.05–1.95, P = 0.026).

Discussion
The present study explored the association between DII 
and DIL with cardiometabolic risk factors and the risk of 
developing MetS among patients with T2DM. The find-
ings suggest a significant relationship between higher DII 
and DIL and an increased risk of cardiometabolic risk 
factors and MetS in individuals with T2DM.

Recently, there has been notable interest in the DII, 
which has proven to be a more effective predictor of risks 
related to chronic conditions when compared to the GI. 
Importantly, DII depends directly on insulin response 
rather than other mediators [27, 34]. In this current 
study, a positive correlation was noted between DII and 
DIL scores and the risk of MetS. Consistent with our 
results, a population-based cohort study conducted in 
Iran reported that men in the third quartile of DIL had 
61% greater odds for having MetS compared with those 
in the first quartile. After adjusting for potential con-
founding factors, women in the highest quartile of DIL 
exhibited a 77% increased likelihood of having MetS 
compared to women in the lowest quartile and similar 
findings were observed for DII [29]. Another investiga-
tion involving 203 overweight/obese adolescents found 
that those in the upper tertile of DIL faced a significantly 
higher risk of metabolically unhealthy obesity compared 
to individuals in the lower tertile [35]. MetS stands out as 
a prevalent global health issue [36] interlinked with other 
chronic conditions like cardiovascular diseases [37] and 
certain cancers [38]. Abdominal obesity and insulin resis-
tance stand out as the primary risk factors for MetS. In 
a cross-sectional study, Mirmiran et al. demonstrated a 
notable positive correlation between higher scores of DII 

and DIL and the risk of insulin resistance [15]. In another 
prospective study lasting three years and involving 927 
men and women, a positive correlation was observed 
between DIL and an elevated likelihood of insulin resis-
tance [18].

While the comprehensive understanding of the pre-
cise mechanisms by which dietary insulin indices influ-
ence the development of cardiometabolic risk factors 
remains elusive, there have been reports indicating that 
the consumption of a diet with a high insulinemic poten-
tial may enhance insulin secretion, thereby resulting in 
heightened carbohydrate oxidation and diminished fat 
oxidation. As a result, this type of diet may facilitate the 
accumulation of fat, especially in the abdominal region, 
increasing the risk of abdominal obesity, insulin resis-
tance and an unfavorable metabolic profile [39]. Addi-
tionally, given that potentially high insulinemic foods are 
swiftly digested, absorbed, and converted into glucose, 
they would result in a rapid elevation in blood glucose 
and blood insulin levels. As a result, this would lead to a 
reduction in glucose excursion. The abrupt drop in blood 
glucose levels would cause a decrease in the feeling of 
fullness, bringing back the sensation of hunger [18]. Con-
sequently, this can result in an increase in calorie intake, 
potentially raising the risk of developing abdominal obe-
sity and an unfavorable metabolic profile. Additionally, 
elevated DIL and DII scores are correlated with insulin 
resistance and decreased C-peptide levels, respectively, 
suggesting a possible connection to β-cell dysfunction 
[40, 41].

In this study, a notable association was identified 
between DII and DIL and the risk of hyperglycemia and 
elevated WC. As reported in an observational study by 
Joslowski et al., heightened DII and DIL during puberty 
were linked to elevated levels of body fat percentage in 

Table 2  Biochemical variables differences in quartiles of dietary insulin index and insulin load
Quartiles of DIL Quartiles of DII

Variables Q1 (125) Q2 (125) Q3 (125) Q4 (125) P-valued Q1 (125) Q2 (125) Q3 (125) Q4 (125) P-valued

FBS (mg/dl) 130.12±
19.38

133.15±
23.45

146.55±
26.18

158.74±
30.13

0.04 133.32±
18.45

137.61±
22.51

144.76±
19.67

159.77±
24.67

0.036

TG (mg/dl) 158.33±
19.15

155.19±
20.63

158.23±
24.39

164.39±
19.22

0.33 160.65±
27.32

159.32±
21.96

155.28±
25.38

165.19±
30.12

0.27

Cho (mg/dl) 191.97±
25.44

215.18±
23.76

236.19±
24.47

256.26±
26.37

0.021 197.17±
29.33

216.32±
33.19

229.32±
34.36

248.36±
32.93

0.024

LDL (mg/dl) 130.25±
18.73

128.33±
20.19

132.41±
24.29

136.27±
23.21

0.29 132.19±
20.14

126.53±
18.76

135.17±
23.47

138.35±
22.73

0.18

HDL (mg/dl) 42.63±
9.26

43.96±
8.21

42.21±
10.15

42.63±
9.26

0.34 42.29±
7.84

45.09±
8.56

43.06±
8.83

42.85±
10.97

0.2

SBP 124.26±
16.96

119.41±
14.37

124.64±
18.68

123.67±
14.79

0.12 122.08±
15.40

124.72±
19.10

121.19±
13.21

123.95±
17.16

0.46

DBP 81.79±
11.83

78.82±
10.53

79.04±
11,33

83.25±
10.47

0.04 80.06±
11.02

83.53±
12.81

80.81±
11.29

82.14±
11.51

0.33

a DIL: dietary insulin load; bDII: Dietary insulin index; c data are presented as standard deviation or percent; d, Obtained from analysis of variance or Chi-squared test, 
where appropriate, FBS: fasting blood sugar; Cho: total cholesterol; LDL: low density lipoprotein; HDL: high density lipoprotein; SBP: systolic blood pressure; DBP: 
diastolic blood pressure
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Quartiles of DIL Quartiles of DII
Variablesc Q1 

(125)
Q2 (125) Q3 (125) Q4 (125) P-valued Q1 

(125)
Q2 (125) Q3 (125) Q4 (125) P-valued

MetSq

Crude Ref 1.75(0.86–
3.27)

1.06(0.55–
1.94)

1.81(0.43–1.95) 0.07 Ref 1.77(0.94–
3.31)

1.70(0.43–
2.30)

1.63(0.83-
3.12)

0.08

Model 1 Ref 1.22(0.41–
3.54)

1.73(0.64–
4.43)

2.59(1.05–6.48) 0.04 Ref 1.25(0.36–
2.85)

1.97(0.32–
2.65)

1.72(1.15–
4.22)

0.02

Model 2 Ref 1.47(0.83–
3.94)

1.63(0.58–
4.39)

2.16(1,02-4.25) 0.039 Ref 1.52(0.69–
3.11)

1.86(0.72–
2.09)

2.03(1.08–
4.73)

0.034

Hyperglycemia
(FBS > 100 mg/dl)
Crude Ref 0.67(0.07–

2.71)
0.88(0.18–
4.17)

1.64(1.04–4.48) 0.048 Ref 1.13(0.24–
5.35)

0.92(0.14–
5.81)

1.55(1.12–
4.53)

0.03

Model 1 Ref 0.71(0.29–
1.56)

1.04(0.2–5.04) 1.83(1.10–5.12) 0.039 Ref 1.04(0.19–
4.69)

0.88(0.2–
6.13)

1.46(1.06–
3.72)

0.027

Model 2 Ref 2.10(0.91–
4.85)

1.15(0.48–
2.75)

1.69(1.08–4.96) 0.032 Ref 1.07(0.15–
7.28)

1.27(0.12–
8.43)

1.39 
(1.04–4.12)

0.019

Hypertriglyceri-
demia
(TG > 150 mg/dl)
Crude Ref 0.96(0.36–

2.87)
1.13(0.41–
2.08)

2.19(1.12–4.63) 0.034 Ref 2(0.75-
5.29)

1.41(0.54–
3.68)

1.21(1.15–
5.78)

0.02

Model 1 Ref 0.85(0.36–
2.28)

1.06(0.43–
2.63)

1.76(1.09–3.82) 0.025 Ref 1.90 
(0.67–5.39)

1.33(0.48–
3.87)

1.25(1.17–
5.02)

0.017

Model 2 Ref 0.93(0.33–
2.82)

1.02(0.36–
2.89)

1.75(0.98–3.76) 0.08 Ref 1.10(0.26–
4.72)

1.81(0.28–
3.15)

2.56(0.84–
5.63)

0.12

Hypercholester-
emia
(Cho > 200 mg/dl)
Crude Ref 0.6(0.28–1.35) 0.68(0.29–

1.60)
0.58(0.26–1.37) 0.6 Ref 1.27(0.56–

2.86)
0.81(0.33–
1.97)

0.92(0.39–
2.19)

0.76

Model 1 Ref 0.67(0.29–
1.56)

0.71(0.38–
1.73)

0.62(0.32–1.69) 0.74 Ref 1.21(0.53–
2.92)

0.86(0.45–
2.12)

0.88(0.38–
2.31)

0.56

Model 2 Ref 0.64(0.23–
1.49)

0.69(0.37–
1.57)

0.65 
(0.27–1.73)

0.62 Ref 1.30 
(0.49–3.41)

0.73(0.23–
2.40)

0.81(0.22–
2.60)

0.85

Low HDL
(HDL < 40 mg/dl)
Crude Ref 1.73(0.81–

3.70)
1.01(0.45–
2.23)

1.26(0.52–3.03) 0.46 Ref 1.23(0.57–
2.62)

0.81(0.33–
1.93)

1.27(0.55–
2.89)

0.72

Model 1 Ref 1.80 
(0.58–4.15)

1.05(0.38–
2.38)

1.28 
(0.48–3.19)

0.43 Ref 1.28 
(0.55–2.84)

0.76(0.3–
1.88)

1.23(0.48–
2.76)

0.65

Model 2 Ref 2.10(0.91–
4.85)

1.15(0.48–
2.75)

1.33(0.52–3.36) 0.31 Ref 1.76(0.7–4.36) 1.16(0.37–
3.64)

2.06 
(0.63–6.23)

0.41

High Blood
Pressure (> 130/85)
Crude Ref 1.02(0.39–

2.68)
2.73(0.93–
6.69)

1.52(0.63–3.68) 0.19 Ref 1.18(0.44–
5.19)

1.13(0.4–
5.19)

1.47(0.86–
6.10)

0.33

Model 1 Ref 1.31(0.45–
3.78)

2.13(0.81–
5.62)

1.61(1.13–6.56) 0.026 Ref 1.13 
(0.32–5.84)

1.01 
(0.29–5.32)

1.88(0.45–
5.84)

0.39

Model 2 Ref 1.22(0.4–3.65) 3.59(0.1–5.21) 1.15(0.75–6.19) 0.14 Ref 1.53 
(0.12–5.39)

1.56(0.13–
5.37)

1.52(0.12–
5.39)

0.42

High WC
(WC > 95 cm)
Crude Ref 0.87(0.69–

1.08)
0.99(0.81–
1.23)

1.07(0.89–1.32) 0.65 Ref 0.93(0.76–
1.17)

1.24(0.96–
1.49)

1.29(1.04–
1.60)

0.01

Table 3  Multivariate-adjusted odds ratio (95% CI) for MetS, hyperglycemia, hyperlipidemia and hypertension across quartiles of DILa 
and DIIb scores
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young adulthood [42]. Prolonged elevated levels of DIL 
and DII are proposed to lead to diminished insulin sen-
sitivity, decreased lipolysis, and the encouragement of 
body fat accumulation. Moreover, heightened DIL and 
DII may potentially enhance body fat by triggering the 
secretion of both insulin and insulin growth factor-1 
(IGF-1), promoting the growth of preadipocytes and ulti-
mately resulting in the formation of body fat [42].

In the current study, it has been reported a positive 
linear correlation between DII and DIL with hypertri-
glyceridemia in the crude model and after controlling 
for age, sex and energy intake. In line with these find-
ings, both the Nurses’ Health Study and the Health Pro-
fessionals Follow-up Study indicated that adhering to a 
diet characterized by high DII and DIL was associated 
with increased serum levels of TG [43]. The mechanisms 
behind these findings are probably multifaceted. One 
potential explanation is that diets with higher DII and 
DIL may trigger more pronounced postprandial glucose 
and insulin responses, resulting in prolonged hyperglyce-
mia and dyslipidemia [35, 43].

The present study had several strengths. The study 
involves a substantial sample size of 500 patients with 
T2DM, enhancing the statistical power and reliability of 
the findings. Also, the study employs adjusted models, 
including factors such as age, sex, energy intake, BMI, 
physical activity, and duration of diabetes. This enhances 
the robustness of the results by controlling for poten-
tial confounding variables, allowing for a more accurate 
assessment of the association between DII, DIL, and 
cardiometabolic risk factors. However, it is important 
to note that our study has certain limitations. The cross-
sectional design of the study limits its ability to establish 
causation. While associations between DII, DIL, and 
cardiometabolic risk factors are identified, the tempo-
ral sequence of events cannot be determined. Also, the 
reliance on self-reported dietary intake through a food 
frequency questionnaire may introduce recall bias and 
may not fully capture the nuances of participants’ eat-
ing habits. Additionally, self-reporting might lead to 
underestimation or overestimation of actual food con-
sumption. Furthermore, we did not account for potential 

confounding factors, such as medication use and socio-
economic status, which could have an impact on the 
identified associations.

Conclusion
In conclusion, our study provided evidence supporting 
the association between elevated DII and DIL with an 
increased risk of cardiometabolic risk factors and Meta-
bolic Syndrome (MetS) among patients with T2DM. Spe-
cifically, participants in the highest quartiles of both DII 
and DIL demonstrated higher odds of MetS, hyperglyce-
mia, and increased waist circumference. These findings 
highlighted the potential role of dietary insulin indices 
in influencing metabolic health outcomes in individuals 
with T2DM. Alao, our results suggested that diets with 
a higher insulinemic potential, as indicated by elevated 
DII and DIL scores, may contribute to unfavorable meta-
bolic profiles, including insulin resistance and abdominal 
obesity. Future investigations could explore the following 
areas: First, conducting longitudinal studies to establish 
causal relationships and better understand the temporal 
sequence of events between dietary insulin indices and 
the development of cardiometabolic risk factors. Second, 
implementing dietary interventions to assess the impact 
of modifying dietary insulin indices on metabolic out-
comes in individuals with T2DM and finally, conducting 
mechanistic studies to elucidate the biological pathways 
through which dietary insulin indices influence insulin 
resistance, abdominal obesity, and other cardiometabolic 
risk factors.
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Quartiles of DIL Quartiles of DII
Variablesc Q1 

(125)
Q2 (125) Q3 (125) Q4 (125) P-valued Q1 

(125)
Q2 (125) Q3 (125) Q4 (125) P-valued
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0.026

a DIL, dietary insulin load; bDII, Dietary insulin index; c Data are odds ratio and 95% confidence interval; d, obtained from binary logistic regression, FBS, fasting 
blood sugar; Cho, total cholesterol; LDL, low density lipoprotein; HDL, high density lipoprotein; SBP, systolic blood pressure; DBP, diastolic blood pressure;WC, waist 
circumference; q, clarified based on the Iranian modified National Cholesterol Education Program for Adults. Model 1, adjusted for age, sex and energy intake and 
Model 2, adjusted for sex and energy intake, BMI, physical activity, and duration of diabetes
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