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Abstract

There is a lack of information from Middle Eastern countries regarding diet-disease
associations. We examined dietary glycaemic and insulinemic potential in relation to risk of
incident diabetes among a large group of Iranian adults. The present study was carried out using
data from Yazd Health Study-Taghzieh Mardom Yazd, a prospective cohort study on adults
aged 20-70 years in Yazd Greater Area, Iran. This study was initiated in 2014-2016 (baseline
examination), and data are collected prospectively at one 5-year intervals. Data on demographic
characteristics, dietary intakes and potential confounders were gathered by interview. During
the follow-up phase of the study, diabetes incidence was confirmed by laboratory tests and
physician diagnoses. This study included a total of 6178 participants in the cross-sectional
analysis and 5105 subjects in the prospective phase. Examining the cross-sectional phase, we
failed to find any significant association between dietary glycaemic index (GI) and glycaemic
load (GL) as well as dietary insulin index (DII) or dietary insulin load (DIL) and prevalence of
diabetes. No significant relationship was also seen between DII/DIL and risk of T2DM in the
prospective phase; however, in the stratified analysis by BMI status, there was an inverse
significant association between DII and risk of type 2 diabetes mellitus (hazard ratio for T3 v.
T1: 0-19; 95% CL: 0-04, 0-92; P=0-03) in non-obese (BMI>25 kg/m?) and overweight
(BMI <25 kg/m?) participants. No significant association was found between dietary
GI/ dietary GL/ DII/ or DIL with risk of T2DM. More research, particularly with a longer
follow-up duration, is needed to confirm these findings.

Type 2 diabetes mellitus (T2DM) is a major public health problem characterised by impaired
metabolism of carbohydrates, proteins and fats due to insulin resistance, impaired insulin
secretion or both"), Diabetes is now a global concern, with nearly 537 million people (10-5 %)
diagnosed with diabetes worldwide in 2021, and the projection for 2045 is 783 million people®.
T2DM accounts for about 98 % of all diabetes cases’®. The World Diabetes Federation ranked
the Middle East and North Africa as the regions with the highest prevalence in the world
(12:2 %), Based on a systematic review and meta-analysis in Iran, the prevalence of T2DM is
estimated at 10-8 % among adults®®, Statistics also show that in 2023, about 5-4 million Iranian
adults were diagnosed with diabetes (both types)®, and this number is expected to reach
9-2 million in 2030, People with diabetes are at increased risk of complications including
diabetic retinopathy, nephropathy®, CVD® and mortality?.

Dietary carbohydrates have often been at the centre of studies focused on diabetes. The
quality of carbohydrates consumed has a greater effect on blood sugar levels and the risk of
T2DM than their quality). Glycaemic index (GI) measures how quickly a food raises blood
sugar, while glycaemic load (GL) accounts for both the GI and the amount of carbohydrates in a
serving, indicating its overall impact on blood sugar(!?. The dietary GI and GL are well-known
terms in this area. Despite several studies on the protective association of low dietary GI and GL
foods with T2DM, there is no consensus about them!>!¥), Dietary GI and GL consider only
carbohydrates, while other macronutrients can also have a significant effect on insulin
secretion'>19), Therefore, dietary insulin index (DII) and dietary insulin load (DIL) have
recently been suggested as valuable tools in this area. The food insulin index is the difference
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between the area under the curve after ingestion of a 1000-k]J
portion of the test food and the area under the curve after
ingestion of a 1000-kJ portion of the reference food for 2 h(!7),
The DII and DIL are calculated by summing up the product of
the food insulin index, energy content and consumption
frequency of food items!®. The relationships between DII and
DIL with several health-related outcomes, including obesity!*),
CVD®@, psychological disorders?” and some cancers®>-2) have
been investigated.

We are aware of only one study investigating the relationship
between DII and the risk of incident T2DM, in which 1149
participants over the age of 30 were followed for 8 years, and the
results of this study showed that greater DII, DIL, GI and GL
increase the risk of T2DM®”). Clarifying the relationship between
DII and DIL with the risk of T2DM is of great importance,
particularly in Middle Eastern nations, where people consume
large amounts of carbohydrates, mostly refined sources®.
Additionally, the increasing prevalence of T2DM and specific
eating habits in this region (such as high consumption of sweets)
are other reasons for the importance of the subject. Moreover,
dietary fat intake in this region is mostly from hydrogenated
vegetable oils, which contain high amounts of trans and saturated
fats?, and high consumption of these types of fats can lead to
T2DM by reducing insulin sensitivity'®. Given the limited
evidence on the association between dietary insulinemic potential
and risk of T2DM, we decided to investigate the association
between dietary GI and insulin index with T2DM prevalence and
incidence in a large population of Iranian adults.

Participants and methods
Study design and population

The present study was carried out using data from Yazd Health
Study (YaHS)-Taghzieh Mardom Yazd (TAMYZ), a prospective
cohort study on 9962 adults aged 20-70 years living in Yazd
Greater Area, Iran (www-yahs-ziba.com). This study has been
initiated in 2014-2016 (baseline examination), and its data are
collected prospectively at 5-year intervals and this is a repeating
process that occurs every 5 years that in present investigation, only
the data of the first five years (first phase) have been used. Details
about YaHS-TAMYZ studies have already been published®?. In
the current analysis, during the screening process, participants
were excluded if they had missed responding to more than seventy
items of dietary intake data (n 850), were pregnant (n 115),
reported inexplicably low or high energy intakes (< 800 kcal/d
or > 6000 kcal/d) (n 1097), had cancer (n 75), adhered to a special
diet (n 1091) and were diagnosed with diabetes (n 1060) or CVD
(n 320). After additional removal of those with missing information
for detection of diabetes incidence during follow-up (n 119), and
participants who deceased during the follow-up period (n 132),
prospective analyses were conducted on (n 5105) subjects.

Dietary intake assessment

Participants’ dietary information was collected by trained
interviewers completing a semi-quantitative FFQ in the YaHS-
TAMYZ study. Validity and reliability of this questionnaire were
measured and confirmed in a previous study®". The FFQ used in
this study was a 178 item questionnaire that contained 168 food
items commonly consumed in Iran and 10 questions related to
foods traditionally consumed in Yazd city. For each food item,
participants were asked to respond to a ten-choice frequency
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response section, ranging from ‘never or less than once a month’ to
‘10 or more times each day’. Five different portion sizes were asked
for each food item, depending on the Iranian standard serving size.
This questionnaire required participants to answer two questions:
the frequency of food consumption and the amount of food
consumed at each time of consumption. Using household
measures, the quantity and frequency of daily intake of all food
items were transformed to grams per day®?. The USA Department
of Agriculture’s food composition database was used to calculate
each subject’s energy and nutrient intakes!”).

Glycemic indices

The total dietary GI was calculated using the following formula:
Y (GI, X available carbohydrate)/total available carbohydrate.
Total carbohydrate minus dietary fibre was used to compute
available carbohydrates in food items®. The GI of each food item
was obtained using the international table of GI'? and the list of
the GI of Iranian food®*. The total carbohydrate and fibre content
of food items was derived from the USA Department of
Agriculture food-composition table®>. The GI values for the
other food items, such as some traditional sweets and desserts,
which were not available on Iranian or international tables, were
calculated using the composition of their ingredients. For example
the GI value of Qottab, a traditional sweet popular in Yazd that
primarily consists of sugar with negligible amounts of flour and
almonds, is considered to be same as sugar. Mixed meal GI were
calculated using the GI values of each meal’s component®).
Glucose was utilised as the reference food for all GI calculations.
Moreover, dietary GL was calculated by the following formula:
[(dietary GI X total available carbohydrates)/100]©3).

Insulin indices

The DII was computed using previously published estimations by
Brand-Miller et al., which are based on the insulin index of dietary
food items(!73%), The difference between the area under the curve
after ingestion of a 1000-k] portion of the test food and the area
under the curve after ingestion of a 1000-k]J portion of the reference
food during 2 h is known as the food insulin index. Food items that
were not available in the food list released by Brand-Miller et al.
were considered equal to their similar foods (based on the
similarity between their energy, carbohydrate, fibre, fat and protein
content). To determine DIL, the insulin load of each item was first
determined using the following formula:

Insulin load = Insulin index X energy content (kcal/d)

DIL was calculated for each subject by adding up the insulin load of
consumed foods. After that, each participant’s DII was calculated
by dividing DIL by total energy intake.

Outcome ascertainment

Follow-up length was computed from study baseline to the first
date of an event (diagnosis of diabetes) or the last date of follow-up
examination, whichever came first. According to the criteria of the
American Diabetes Association, people with a fasting blood sugar
of 126 mg/dl and above, or a 2-hour blood sugar above 200 mg/dl
or those on diabetes medication are considered to have confirmed
diabetes.

During the follow-up phase of the study, a physician confirmed
the accuracy of the participant’s reports. The date of the
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diabetes diagnosis was the date on which the subject made the
announcement.

Assessment of other variables

In the YaHS-TAMYZ study, physical activity was determined
using the short form of the standard international physical activity
questionnaire. The short form of the validated international
questionnaire of physical activity included questions in four parts
of intense activity, moderate activity, walking and sitting activities
during the last 7 d, which were completed by individuals in terms
of intensity, duration and repetition®”. In this study, anthropo-
metric variables including height, weight, waist circumference and
hip circumference were measured. Demographic information,
history of chronic diseases such as CVD and hypertension, cancer,
pregnancy status and following a special diet during the last year
were obtained as primary information from all participants in the
YaHS-TAMYZ study.

Statistical analysis

Using the above-mentioned methods, the score of GI, GL, DII and
DIL was calculated, and individuals were classified based on the
scores obtained in different tertiles. For categorical data, the
percentage was used and for continuous variables, and mean
(standard error (SE)) was used. Using ANOVA and the 42, the
difference in continuous and categorical variables between GI, GL,
DII and DIL tertiles was examined, respectively. The analysis of
covariance was performed to compare dietary nutrient intake
across tertiles, in which adjustments were done for sex, age and
energy intake. Logistic regression in crude and multivariable-
adjusted models was done to assess the association between dietary
GI, GL, DII and DIL and presence of diabetes. To examine the risk
of incident diabetes, we computed hazard ratio (HR) and 95% CI
using Cox proportional hazard regression (HR and 95 % CI) in
crude and multivariable-adjusted models. The adjustments were
done for age (categorical), gender (categorical) and total energy
(continuous) in model 1 and BMI (categorical), marital status
(categorical), physical activity (continuous, MET-h/wk), smoking
status (categorical), education status (categorical), job status
(categorical) and family history of diabetes (categorical). All
analyses were done using SPSS software (Version 26-0; SPSS Inc,
Chicago IL). Statistical significance was defined as a P value < 0-05.

Results

This study included a total of 6178 participants in the cross-
sectional analysis and 5105 subjects in the prospective phase,
ranging in age from 20 to 70 years old. Tables 1 and 2 show the
overall characteristics of participants across dietary tertiles of GI
and GL (Table 1) and DII and DIL (Table 2). Participants in the top
tertile of GI were less likely to be educated compared with those in
the bottom tertile (P < 0-05). Also, the distribution of participants
in terms of age was significantly different across GI tertiles
(P <0-05). With regard to tertiles of GL, participants in the
highest tertile were more likely to be male, educated, physically
active and less likely to be married and with a family history of
diabetes compared with those in the lowest tertile (P < 0-05 for
all). In addition, the distribution of participants in terms of age
categories and job status was significantly different across GL
tertiles (P < 0-05).

Subjects in the top tertile of DII were more likely to be male and
less likely to be educated than those in the bottom tertile (P < 0-05).
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The distribution of individuals in terms of job status was
significantly different across DII tertiles (P < 0-05). Compared
with those in the bottom tertile of DIL, people in the top tertile
were more likely to be male, educated and physically active,
have greater BMI and were less likely to have a family history of
diabetes (P<0:05 for all). There was also a significant
difference across DIL tertiles in terms of distribution of
participants with regard to age, job status and marital status
(P < 0-05 for all).

Dietary intakes of selected foods and nutrients across tertiles
of independent variables are shown in Tables 3 and 4.
Individuals in the highest tertile of GI had a higher intake of
total energy, total fat, total carbohydrates, simple sugars, whole
grains and processed meats and a lower intake of saturated
fat, poly-unsaturated fat, total protein, vitamin C, vitamin E,
thiamine, riboflavin, vitamin Bj,, folic acid, Mg, Ca, Fe, Zn,
refined grains, high-fat dairy products, low-fat dairy products,
red meats, nuts, legumes, fruits and vegetables compared with
those in the lowest tertile (P < 0-05) (Table 3). Higher dietary
GL was associated with greater intakes of total energy, total
carbohydrate, simple sugars, vitamin C, thiamine, vitamin B,
folic acid, Mg, Ca, Fe, whole grains, refined grains, processed
meats, fruits, vegetables and a lower intake of total protein, total
fat, saturated fat, monounsaturated fat, poly-unsaturated fat,
riboflavin, vitamin E, Bj,, Zn, low-fat dairies, legumes, red
meats and nuts (P < 0-05).

Comparing extreme tertile of DII, we found that subjects in the
highest tertile had a higher intake of total carbohydrates, thiamine,
whole grains, refined grains and a lower intake of total energy, total
fat, saturated fat, monounsaturated fat, poly-unsaturated fat, total
protein, vitamin C, E, Bg, By, riboflavin, folic acid, Mg, Ca, Fe, Zn,
high-fat dairy products, low-fat dairy products, red meats,
processed meats, nuts, legumes and vegetables than those in the
lowest tertile (P < 0-05). Higher DIL was associated with greater
intakes of total energy, total carbohydrate, total protein, vitamin C,
thiamine, Ca, Zn, whole grains, refined grains, legumes, red
meats and fruits and a lower intake of total fat, saturated fat,
monounsaturated fat, poly-unsaturated fat, vitamin E, folic acid,
Fe, nuts and processed meats (P < 0-05, Table 4).

Examining in the cross-sectional phase, we failed to find any
significant association between dietary GI and GL as well as DII or
DIL and prevalence of diabetes in all participants (data not shown).
This was also the case when we examined these associations in
different subgroups including BMI status (BMI > 25/BMI < 25)
and gender (male/female).

Hazard ratios and the relevant 95 % CI for incident diabetes
across tertiles of dietary GI and GL are provided in Table 5. In the
crude model, we observed a non-significant association between
greater dietary GI and risk of T2DM in the whole population (HR
for T3 v. T1:1-14; 95 % CI: 0-72, 1-81, P = 0-58) as well as across all
subgroups. After controlling for potential confounders, these
associations did not change much either in the whole population
(HR for T3 v. T1:1-11; 95% CI: 0-69, 1-80, P=0-66) or across
subgroups. In terms of dietary GL, we found no significant
relationship between dietary GL and risk of diabetes in the whole
population before (HR for T3 v. T1:0-80; 95% CI: 0-50, 1-27,
P=0-36) or after controlling for confounders (HR for T3 v.
T1:0-76; 95 % CI: 0-35, 1:66, P =0-79).

In our stratified analysis by gender, a marginally significant (HR
for T3 v. T1:0-54; 95 % CI: 0-28, 1-02, P = 0-07) inverse association
between greater dietary GL and risk of T2DM before taking
potential confounders into account among women; however, after
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Table 1. General characteristics of participants across tertiles of dietary glycaemic index and dietary glycaemic load*(Mean values with their standard errors)

Dietary glycaemic index

Dietary glycaemic load

T T T3 T T Ts

Variables n 2059 n 2060 n 2059 Pt n 2059 n 2060 n 2059 Pt
Sex (male, %) 516 49-1 52-0 0-139 46-6 52.0 54-1 < 0-001
Age (year, %) 0-017 < 0-001

20-29 223 20-9 20-2 183 219 233

30-39 20-5 211 21-8 180 22-6 22-8

40-49 213 229 209 219 215 217

50-59 212 179 19 20-5 19-2 185

60-69 147 17-2 181 213 14-8 13.7
Education (Diploma and Graduate Diploma, %) 35-8 30-1 27-4 0-033 285 31.0 31.0 < 0-001
Job status, % 0-226 < 0-001

Unemployed 229 21-4 24-4 240 22-4 22.0

Government employee 45.3 48-4 44.8 49-1 46-9 42-6

Manual worker 32 34 34 34 2.7 39

Self-employed 286 26-8 27-6 23:5 28-0 315
Married, % 820 829 833 0-210 83-4 81-8 830 0-015
Smoking status (current smoker, %) 10-9 10-5 10-2 0-916 10-0 10-6 111 0-63
Family history of diabetes, % 41-4 39:0 395 0-283 426 397 37-6 0-007

Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE

Physical activity (METxmin/week) 868 19 838 19 862

20 0-52 808 19 861 19 900 20 0-005

BMI (kg/m?) 2664 013 2655 012 2679

0-13 042 2667 013 26:54 013 26-76 012 0488

PA, physical activity; ME, metabolic equivalent.
*Values are mean (se) otherwise indicated.

P are resulted from »? for qualitative variables and from ANOVA for quantitative variables and from.

considering covariates, this relationship weakened (HR for T3 v.
T1:0-57; 95 % CI: 0-20, 1-65, P = 0-53).

The association between DII and DIL and incidence of diabetes
is indicated in Table 6. Examining across tertiles of DII, we
observed a non-significant relationship between greater DII and
risk of diabetes in the crude model (HR for T3 v. T1:0-86; 95 % CI:
0-54, 1-37, P=0-55). When potential confounders were consid-
ered, this relationship remained non-significant as well (HR for
T3 v. T1:0-78; 95 % CI: 0-48, 1-26, P = 0-32). This was also the case
for DIL, such that no significant relationship was seen between
greater DIL and risk of diabetes either before (HR for T3 v. T1:0-78;
95 % CI: 0-50, 1-21, P = 0-26) or after controlling for confounders
(HR for T3 v. T1:0-80; 95 % CI: 0-33, 1-95, P =0-62).

In our stratified analysis by gender, there was an inverse
significant association between DIL and risk of diabetes comparing
those in the top tertile v. individuals in the bottom tertile (HR for
T3 v. T1=0-56; 95% CI: 0-30, 1.01; P=0-04) before taking
potential confounders into account among women. However, this
association disappeared in the fully adjusted model (HR for T3 v.
T1:0-66; 95 % CI: 0-19, 2-26, P=0-47). No such association was
seen among men. Looking at subgroups of BMI status, we failed to
find a significant relationship; however, a marginally significant
inverse association was observed between DIL and risk of T2DM in
the crude model (HR for T3 v. T1:0-33; 95% CI: 0-09, 1-21,
P=0-07) that was disappeared after considering potential

confounding factors (HR for T3 v. T1:0-12; 95 % CI: 0-01, 1-98
P=0-12, Table 6).

Regarding subgroup analyses about DII, we failed to find any
significant associations by subgroups of males or females.
Examined across categories of BMI status, we observed that
non-obese and overweight participants (BMI < 25 kg/m?) in the
top tertile of DII had a lower risk of diabetes compared with those
in the bottom tertile after considering potentially confounding
factors (HR for T3 v. T1:0-19; 95 % CI: 0-04, 0-92; P =0-03). There
was no significant association between DII and risk of diabetes
among overweight or obese individuals (Table 6).

Discussion

The present prospective study conducted in the Middle East region
revealed no significant association between dietary GI/ dietary
GL and risk of developing T2DM in a 5-year follow-up. No
significant relationship was also seen between DII/DIL and risk
of T2DM in this population; however, in the stratified analysis
by BMI status, there was an inverse significant association
between DII and risk of T2DM in non-obese and overweight
participants (BMI < 25 kg/m?).

As we know, the rising global prevalence of diabetes has raised
concerns about this problem®®, Numerous studies have been
performed on the effect of dietary components, especially
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Table 2. General characteristics of participants across tertiles of dietary insulin index and dietary insulin load*(Mean values with their standard errors)

Dietary insulin index

Dietary insulin load

T T, Ts T T, Ts

Variables n 2059 n 2060 n 2059 Pt n 2059 n 2060 n 2059 Pt
Sex (male, %) 49-8 49-8 53:2 0-047 46-8 52.0 53-9 < 0:001
Age (year, %) 0-065 < 0-001

20-29 228 20-9 19-8 17-8 23-2 22:6

30-39 20-8 21.5 211 177 22-4 232

40-49 221 22:1 20-8 229 206 215

50-59 19-4 181 20-8 20-0 191 19-2

60-69 149 17-4 17-5 216 147 135
Education (Diploma and Graduate Diploma, %) 32:1 28-8 28-8 0-004 27-2 31.7 30-8 < 0-001
Job status, % 0-004 < 0-001

Unemployed 22:0 21-4 25.0 238 223 223

Government employee 47-6 48-2 429 493 46-3 431

Manual worker 3-8 2-8 34 34 29 3.7

Self-employed 266 277 287 235 28:5 30-9
Married, % 81.5 831 83:6 0-237 832 81-8 832 < 0-001
Smoking status (current smoker, %) 10-1 10-2 114 0-602 10-4 10-3 10-9 0-771
Family history of diabetes 387 40-5 40-8 0-359 42-6 389 384 0-015

Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE

Physical activity (METxmin/week) 867 19 828 19 873 20 0-231 815 19 834 19 919 20 < 0-001

BMI (kg/m?) 26:79 013 2656 0-13  26-63

0-12 0452 26:72 013 2641 013 268 0-12 0-042

PA, physical activity; ME, metabolic equivalent.
*Values are mean (se) otherwise indicated.

1P resulted from 42 for qualitative variables and from ANOVA for quantitative variables and from.

carbohydrates, on diabetes®”. GI and GL as indices of carbohydrate
quality have been at the centre of such studies. In the current
study, we failed to find any significant association between
dietary GI and GL and risk of developing T2D. This finding was
in line with earlier studies. Sahyoun et al., in a 4-year follow-up
of 1898 individuals, reached similar findings“?. This was also
reported by Simila et al. in a 12-year cohort study of 25 943 male
smokers! and by Mosdel et al. in a 13-year follow-up of 7321
subjects?. Additionally, Teymoori et al. found no significant
association between dietary GI and the risk of T2DM in their
prospective study®”). In contrast to our findings, some studies have
shown that higher dietary GI and GL are associated with an
increased risk of T2DM44344) Ag several other cohort studies, we
used the international table of GI developed by Foster-Powell
et al.!?, while some studies used international tables developed by
Atkinson et al.**. This difference in the database might explain the
discrepancies in study findings. In addition, for local foods, with
different ingredients and processing methods than those available
in the databases, researchers have to decide subjectively, which
might be another reason for the different findings. Also, we noted
variations in their methodology, particularly regarding how
confounding variables were controlled. Some studies may have
employed stringent controls that potentially led to over control of
variables that could be mediators rather than confounders,
potentially masking the true relationship between dietary GI/GL

and T2DM risk. For example, studies utilising extensive adjustments
for lifestyle factors — such as physical activity and socio-economic
status — might inadvertently diminish the observed effects of dietary
factors if these variables were indeed part of the causal pathway.
Due to the involvement of dietary insulinemic potential in the
incidence of diabetes, we examined the association between DII
and DIL and developing diabetes in this study and reached no
significant findings. This finding was in accordance with the study
of Teymoori et al.; however, when they considered these exposure
variables as continuous, they reported a significant association
between each sp increase in DII and DIL score and risk of
T2DM®"), We are aware of no further study examining these
indices with diabetes, but some investigations have been conducted
on the association of these indices with insulin resistance®),
obesity'”), hyperglycaemia, dyslipidaemia and inflammatory
markers”). Nimptsch et al. in a cross-sectional study failed to
find any significant association between DII and DIL and fasting
biomarkers of glycaemic control®”. However, Mozaffari et al.
observed higher FBS in older men with greater DIL in their cross-
sectional study*®. In a 3-year prospective study, participants with
greater DII and DIL had a higher risk for insulin resistance“®). The
differences observed in these studies may be attributed to several
factors. First, the methodological variations between the studies -
such as sample size, demographic characteristics and data
collection methods - could play a significant role. For instance,
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Table 3. Comparison of age, gender and energy adjusted dietary food groups and nutrients intake according to tertiles of dietary glycaemic index and dietary glycemic load(Mean values with their standard errors)t

w

Dietary glycaemic index Dietary glycaemic load gﬁ

Ty T, Ts T T, Ts 02

Mean SE Mean SE Mean SE P-value Mean SE Mean SE Mean SE P-value §

Total energy (kcal/d) 23887 24.22 25742 24.2° 31475 24.2° < 0-001 17227 15-42 2460-4 15-3° 3927-4 15-3¢ < 0-001 2\

Nutrients* g

Total fat (g/d) 102-3 0-7 101 0.7 103-9 0-7° 0-021 1151 0.9 1027 0-7° 89.5 0-9° < 0:001 §:

Saturated fat (g/d) 30 0-22 29-7 0-22 268 0-2° < 0-001 32:5 0-22 295 0-2° 24.1 0-2¢ < 0-001 S
Mono-unsaturated fat (g/d) 312 0-2 309 0-2 317 0-2 0-113 35-9 0-3? 319 0-2° 26 0-3¢ < 0-001
Poly-unsaturated fat (g/d) 276 0.3 26 0-3° 256 0-3° < 0-001 30-3 0-4 271 0-3° 218 0-5° < 0-001
Total protein (g/d) 112-4 0-72 110-8 0-7 99.8 0-7° < 0-001 114-8 0-9° 1121 0-7° 96-1 1° < 0-001
Total carbohydrate (g/d) 3586 1.7 3669 1-6° 407-8 17° < 0001 3287 22 357-1 1-6° 4475 2:2¢ < 0-001
Simple sugars (g/d) 2333 9.22 258.7 9-1 2709 9.3° 0-015 201-2 11-6 2138 9.22 3479 12.9° < 0-001
Vitamin C (um /d) 214-4 32 2151 32 163-4 3b < 0001 164-6 3.9? 199-1 3.1° 2293 4.3 < 0-001
Vitamin E (mg /d) 12-8 0-22 11-4 0-2° 8.9 0-2¢ < 0-001 12:4 0-3° 115 0-2° 91 0-3¢ < 0-001
Thiamine (mg/d) 2:30 0-01° 2:14 0-01° 1:96 0-01¢ < 0-001 1.96 0-01° 2:18 0-01° 2:26 0-02¢ < 0-001
Riboflavin (um/d) 2:33 0-01° 2:27 0-01° 2:10 0-01¢ < 0001 2:27 0-01° 2:24 0-01° 2:19 0-02° 0-033
Vitamin Bg (mg/d) 2:34 0-02 2:40 0-02 2:35 0-02 0-127 2:24 0-02? 2:30 0-022 2:56 0-03° < 0-001
Folic acid (ug/d) 3855 3.1° 364-8 g 3183 3-1¢ < 0-001 3518 4 364-5 3.1° 352:3 4.4 0-005
Vitamin By, (ug/d) 5-61 0-10° 5.97 0-10° 5-26 0-10° < 0001 5.96 0-13° 5-65 0-10 523 0-14° 0-006
Mg (mg/d) 3361 1.8° 3238 1.8° 290-3 1.9 < 0-001 3082 2.42 3173 1.9° 3247 2.7° < 0-001
Ca (mg/d) 1003-4 7 951-5 6-9° 816-4 7-1° < 0001 907-7 9.22 940-6 7-2° 923 10-1 0-006
Fe (mg/d) 465 1.7 46 1.72 367 1.7° < 0-001 39-6 2.22 473 1.7° 423 2:4 0-006
Zn (mg/d) 12:41 0-07° 11-88 0-07° 9-73 0-07¢ < 0-001 12:27 0-10° 12-11 0-07° 9-64 0-10° < 0-001

Food groupst

Whole grains (g/d) 67 1.5 816 1.5° 80-8 1.5P < 0-001 59.2 1.9? 84.7 1.5° 855 2:1° < 0-001
Refined grains (g/d) 292 3.4 2139 3.4° 155 3.5 < 0001 204-8 4.72 235 3.7° 2211 51 < 0-001
Low-fat dairy products (g/d) 80-1 2.6 68-9 2.6° 37.7 2.7 < 0-001 68-2 3.4 68-8 2.7° 497 3.8 0-001
High-fat dairy products (g/d) 1936 3.62 1826 3.62 144 3.7° < 0-001 1773 4.7 174-1 37 168-8 52 0-608
Nuts (g/d) 23 0-6° 20-5 0-6° 209 0-6 0-010 266 0-8° 226 0-6° 15-1 0-8° < 0-001
Legumes (g/d) 575 1.22 466 1.2° 362 1.2¢ < 0-001 50-2 1.6° 50-1 1.22 40 1.7° < 0-001
Red meats (g/d) 63-4 1.22 60-1 1.22 39.7 1.3° < 0-001 687 1.6° 67-2 1.22 272 1.8° < 0:001
Processed meats (g/d) 88 0-5° 12:5 0-5° 15-4 0-5¢ < 0001 10-5 0-7 10-1 0-5 16-1 0-8° < 0-001
Fruits (g/d) 527-4 8.8 5234 8.7° 3747 8.9° < 0-001 376 11.32 499.8 8.9° 549.7 12:4¢ < 0-001
Vegetables (g/d) 1755 3.6 162-5 3.5 141-4 36 < 0-001 147-8 4.6 1566 3.6 1752 50 0-004

*Values are adjusted for, sex, age and total energy.
tValues are reported as mean (standard error (sE)).
1Values with different super scripts are significantly different.
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Table 4. Comparison of age, gender and energy adjusted dietary food groups and nutrients intake according to tertiles of dietary insulin index and dietary insulin load(Mean values with their standard errors)f

Dietary insulin index Dietary insulin load
Ty T, Ts Ty T, T3
Mean SE Mean SE Mean SE P value Mean SE Mean SE Mean SE P-value
Total energy (kcal/d) 30066 25.0 2532:2 25.1° 25766 25.1° < 0:001 1661-5 13.6° 2437-9 13.5° 40082 13.5¢ < 0:001
Nutrients*
Total fat (g/d) 1174 0-6 997 0-6° 90-4 0-6° < 0-001 1205 092 1066 0-7° 80-7 1.1¢ < 0:001
Saturated fat (g/d) 331 0-2? 281 0-2° 253 0-2¢ < 0:001 31.0 032 298 0-2° 25.7 0-3¢ < 0:001
Mono-unsaturated fat (g/d) 369 0-2? 30-2 0-2° 26-8 0-2¢ < 0001 372 0-3° 329 0-2° 239 0-4¢ < 0-001
Poly-unsaturated fat (g/d) 321 0-3? 253 0-3° 22:0 0-3¢ < 0-001 32:9 052 284 0-3° 181 0-5¢ < 0:001
Total protein (g/d) 1174 0.7 107-4 0.7° 980 0.7¢ < 0:001 1050 1.0 109-4 0.7° 1084 11 0-001
Total carbohydrate (g/d) 3307 1.5 3850 1.5P 4187 1.5¢ < 0-001 356:3 242 3652 1-8° 4124 2:7¢ < 0-001
Simple sugar (g/d) 268-9 9.1 252:4 9.1 240-4 9.1 0-091 264-6 12:8 242-6 9.4 2545 14.5 0-255
Vitamin C (pm/d) 202-9 31° 203-9 312 1854 3.1° < 0:001 1684 4.3 1979 320 225-8 4.9 < 0:001
Vitamin E (mg/d) 139 0-2 105 0-2 86 0-2 < 0:001 122 032 11.7 022 9.1 0-3° < 0-001
Thiamine (mg/d) 203 0-01° 217 0-012 219 0-01° < 0-001 1.91 0-022 2:15 0-01° 2:35 0-02¢ < 0-001
Riboflavin (um/d) 235 0-012 226 0-01° 209 0-01° < 0:001 220 002 224 0-01 225 0-02 0-110
Vitamin Bg (mg/d) 242 0-022 241 0-02% 227 0-02° < 0:001 2:38 003 2:38 0-02 234 0-03 0-653
Folic acid (ug/d) 389-1 312 364-4 3.0 3159 3-0° < 0-001 3601 4.4 3685 3.22 341.0 5.0 < 0-001
Vitamin By, (ug/d) 63 0-12 55 0-1° 4.9 0-1¢ < 0001 53 0-1 5.5 0-1 5.9 0-1 0-073
Mg (mg/d) 3332 1.9 3217 1.9° 295-6 1.9¢ < 0:001 315-8 2.7 3203 1.9 3145 3.0 0-105
Ca (mg/d) 9433 712 931-4 712 895.0 71° < 0-001 8720 1002 930-5 7.3° 967-1 11.3¢ < 0-001
Fe (mg/d) 46-3 1.7° 43.5 1.7 391 1.7° 0013 413 24 475 1-8 40-1 27 0-009
Zn (mg/d) 12:65 0-072 11.28 0-07° 10-08 0-07¢ < 0:001 1097 0-112 1162 0-08° 1142 0-12 < 0-001
Food groupst
Whole grains (g/d) 54.9 1.5 724 1.5° 102'5 1.5¢ < 0001 45.4 2.12 783 1.5° 105-8 2.4¢ < 0-001
Refined grains (g/d) 201-0 3.7 2272 3-6° 2320 3-6¢ < 0001 1922 5.12 2233 3.8 244.4 5.8 < 0-001
Low-fat dairy products (g/d) 758 2.7° 635 2.7° 47-7 2.7° < 0-001 61:9 3.8 676 28 57-4 4.3 0-082
High-fat dairy products (g/d) 184.7 3.7 1740 3.7° 1596 3.7° 0-001 1731 52 174-8 38 170-4 58 0-807
Nuts (g/d) 27-8 0-6 20-8 0-6° 16-0 0-6 < 0001 327 0-8° 24.3 0-6° 77 1-0° < 0-001
Legumes (g/d) 50-7 1.22 472 1.22 42:4 1.2° < 0-001 40-2 1.8 46-3 1.3° 53.7 2:0° < 0:001
Red meats (g/d) 60-5 1.3° 54-1 1.3° 486 1.3¢ < 0-001 41-6 1.8% 55-4 1.3° 66-3 2.0° < 0-001
Processed meats (g/d) 16-34 0-54 11-31 053> 8:62 0-53¢ < 0-001 13-8 0-72 12:5 0-52 9-8 0-8° 0-019
Fruits (g/d) 481.7 8.9 4737 89 469-2 89 0612 368-0 12.42 471-4 9.1° 584-5 14.0¢ < 0:001
Vegetables (g/d) 168-8 3.62 1709 362 141.7 3.6° < 0:001 154.7 51 1611 37 1657 58 0-466

*Values are adjusted for, sex, age and total energy.
tValues are reported as mean (standard error (SE)).
tValues with different superscripts are significantly different.
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Table 5. The likelihood for incidence of diabetes according to tertiles of glycaemic index and glycaemic load*(Hazard ratio and 95 % confidence intervals)

uonRLIINN JO JoUINOf Ysiug

Dietary glycaemic index Dietary glycaemic load
T2 T3 T2 T3

Variables T, Hazard ratio 95% Cl Hazard ratio 95% Cl P trend T, Hazard ratio 95 9% Cl Hazard ratio 959% ClI P trend
All participants

Crude 1 1.28 0-82, 2:01 114 0-72, 1-81 0-58 1 1.08 0-70, 1-66 0-80 0-50, 1.27 0-36

Model 1t 1 1.25 0-80, 1-96 1.08 0-67, 1-73 0-75 1 1.17 0-73, 1-89 0-73 0-34, 1-58 0-64

Model 2% 1 1.26 0-80, 1-98 111 0-69, 1-80 0-66 1 1.26 0-78, 2:03 0-76 0-35, 1:66 0-79
Male

Crude 1 1-47 0-72, 2-98 1.23 0-59, 2-55 0-60 1 1.53 072, 3:21 1.39 0-66, 2-96 0-42

Model 1 1 143 0-70, 2-90 1.06 0-49, 225 0-90 1 1-47 0-66, 3-:28 1.06 0-33, 3:43 0-81

Model 2 1 1-44 0-71, 2-93 0-98 0-45, 2:13 0-96 1 1.57 0-70, 3-48 1.17 0-36, 3-:80 0-67
Female

Crude 1 1.12 0-62, 2:02 1.08 0-60, 1-96 0-79 1 0-95 0-56, 1-62 0-54 0-28, 1-02 0-07

Model 1 1 1-.10 0-61, 1-99 111 0-60, 2:05 0-72 1 1.08 0-59, 1.99 0-54 0-18, 1.57 0-45

Model 2 1 1.17 0-65, 2:12 1.22 0-66, 2-26 0-51 1 1.15 0-62, 2:12 0-57 0-20, 1-65 0-53
BMI < 25

Crude 1 1.13 0-38, 3-37 0-68 0-19, 243 0-58 1 0-72 0-25, 2-08 0-38 0-10, 1-43 0-15

Model 1 1 1.13 0-38, 3-38 0-71 0-19, 2:60 0-63 1 0-80 0-23, 2.75 0-36 0-03, 3:60 0-45

Model 2 1 1.09 0-36, 3-29 0-67 0-18, 2-49 0-57 1 0-82 0-23, 2-85 0-35 0-03, 3-61 0-45
BMI > 25

Crude 1 1.33 0-82, 2:18 1.22 0-74, 2-00 0-45 1 1.19 0-74, 1.90 0-89 0-54, 1-46 0-64

Model 1 1 1.31 0-80, 214 1-16 0-70, 1-95 0-56 1 1.25 0-74, 2:10 0-81 0-36, 1-82 0-83

Model 2 1 1.31 0-79, 2:15 1.20 0-72, 2:02 0-48 1 1.35 0-81, 2.27 0-84 0-37, 1.90 0-97

*Data are hazard ratio (95 % Cl).
TAdjusted for age (category), sex and total energy.
tAdjusted for age (category), sex, total energy, BMI (category), marital status (category), physical activity (continuous), smoking status (category), education status (category), job status (category) and family history of diabetes (category).
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Table 6. The likelihood for incidence of diabetes according to tertiles of insulin index and insulin load*(Hazard ratio and 95 % confidence intervals)

Dietary insulin index Dietary insulin load
T Ts T, Ts

Variables T, Hazard ratio 95 9% ClI Hazard ratio 95 9% ClI Pirend T, Hazard ratio 95% Cl Hazard ratio 95 % Cl Pirend
All participants

Crude 1 1-16 0-75, 1.78 0-86 0-54, 1-37 0-55 1 0-76 0-49, 1:18 0-78 0-50, 1-21 0-26

Model 11 1 1.10 0-71, 1.70 0-81 0-51, 1-30 0-38 1 0-81 0-49, 1-34 0-69 0-29, 1-63 0-36

Model 2% 1 1.08 0-69, 1-67 0-78 0-48, 1-26 0-32 1 0-90 0-54, 1-49 0-80 0-33, 1.95 0-62
Male

Crude 1 1-67 0-81, 3-44 1-40 0-67, 2-94 0-40 1 1.10 0-53, 2:28 1.27 0-63, 2-57 0-50

Model 1 1 1.76 0-84, 3-56 1.38 0-65, 2:92 0-45 1 1.04 0-46, 2:33 0-90 0-25, 3:26 0-91

Model 2 1 1.75 0-84, 3-65 1.27 0-59, 275 0-59 1 1.13 0-50, 2-55 1.11 0-30, 4-10 0-83
Female

Crude 1 0-89 0-52, 1.54 0-63 0-34, 1-17 0-15 1 0-65 0-37, 1-13 0-56 0-30, 1-01 0-04

Model 1 1 0-79 0-45, 1-37 0-58 0-31, 1-09 0-09 1 0-73 0-37, 1-41 0-55 0-16, 1-83 0-29

Model 2 1 0-81 0-46, 1-42 0-60 0-32, 112 0-11 1 0-79 0-40, 1-56 0-66 0-19, 2:26 0-47
BMI < 25

Crude 1 0-90 0-33, 2:49 0-26 0-05, 1-24 0-10 1 0-48 0-16, 1-43 0-33 0-09, 1-21 0-07

Model 1 1 0-75 0-27, 2:11 0-21 0-04, 1-02 0-05 1 0-40 0-10, 1-55 0-12 0-01, 2.01 0-12

Model 2 1 0-72 0-25, 2:04 0-19 0-04, 0-92 0-03 1 0-40 0-10, 1.57 0-12 0-01, 1.98 0-12
BMI > 25

Crude 1 1.21 0-75, 1.95 1.00 0-61, 1-64 0-99 1 0-88 0-54, 1-42 0-89 0-55, 1-43 0-63

Model 1 1 1.19 0-74, 1.93 0-97 0-58, 1-61 0-90 1 0-93 0-54, 1-60 0-90 0-36, 2:35 0-80

Model 2 1 1.13 0-69, 1-83 0-92 0-55, 1-15 0-75 1 1.00 0-58, 1.74 1.03 0-40, 2-61 0-95

*Data are hazard ratio (95 % ClI).
tAdjusted for age (category), sex and total energy.
tAdjusted for age (category), sex, total energy, BMI (category), marital status (category), physical activity (continuous), smoking status (category), education status (category), job status (category) and family history of diabetes (category).
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Nimptsch et al.’s study involved a broader population, which may
have diluted the relationship between dietary insulin metrics and
fasting biomarkers due to population heterogeneity. In contrast,
Mozaffari et al. focused on older men, whose metabolic responses
may differ significantly, thereby revealing a clearer association with
fasting blood sugar levels. Additionally, the timing of dietary
assessments in relation to biomarker measurement could differ
across studies. Cross-sectional studies capture only a snapshot of
data, making it challenging to infer causal relationships, whereas
the prospective design used in the study that reported higher
insulin resistance risk allows for tracking changes over time,
potentially leading to more robust findings. Furthermore,
individual variability in metabolism, activity levels and underlying
health conditions may influence how different populations
respond to dietary insulin, contributing to these conflicting results.
Very limited studies have been conducted on the relationship
between DII and DIL and the incidence of diabetes. Given the
importance of insulin in the incidence of diabetes, it seems that the
application of these indices to predict the risk of diabetes might
open a new area in the research field to prevent diabetes.

Contrary to expectations, no significant relationship was
observed between glycaemic and insulin indices and the incidence
of diabetes, and the following possible mechanisms may explain
these findings. The findings of the present study revealed that
participants with higher dietary GI and DII had a significantly
higher intake of diabetes-protecting food groups such as whole
grains®” and lower consumption of diabetes-threatening food
groups such as red meat®”. In addition, subjects with higher
dietary GL and DIL consumed significantly higher anti-diabetic
micronutrients such as Ca®, as well as diabetic protective food
groups such as fruits®?. Although mechanisms such as elevated
blood glucose and blood insulin levels and the consequent
exhaustion and failure of pancreatic beta cells®> after consuming
diets with high glycaemic and insulin indices conflict with these
mechanisms, this contradiction can explain that glycaemic and
insulin indicators alone are not good predictors of diabetes, but
should be considered along with the consumption of nutrients and
food groups effective in the development of diabetes. Also, the
significant inverse relationship observed between DII and the
incidence of diabetes in the subgroup of individuals with normal
BMI in the present study can be a misinterpretation that occurred
due to the very limited number of diabetic cases in this subgroup
or observed by chance, and we found no logical reasoning to
support it.

Our finding revealed that people consuming higher GL foods
were more commonly male, educated, physically active, and
unmarried. It is plausible that individuals within these demo-
graphics consume higher GL foods such as sports drinks and
energy bars as part of their athletic routines. As such, the context of
consumption - namely, surrounding physical activity - may
contribute to the higher GL intake observed in this population.
While we made efforts to control for physical activity levels in our
analysis, the specific nature and timing of food intake related to
sports may indeed influence overall dietary patterns and health
outcomes in ways we could not fully capture. This highlights a
potential gap in our methodology, suggesting that future studies
should consider the contexts of dietary consumption, particularly
in relation to sports participation and exercise recovery.

The current study has several strengths like prospective setting,
large sample size and considering several possible confounders.
BMI and sex-stratified analysis was done. Using valid FFQ and
physical activity questionnaires is other strength of this study. The
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attrition rate of participants during the follow-up period was about
17 %, which is much lower than the usual attrition rate in these
studies®®. However, this investigation had several limitations. One
of the main limitations of this study was its short follow-up period,
which led to a low number of new cases of diabetes. Due to the
incompleteness of Iranian data, we used international data to
calculate glycaemic and insulinemic indices, which may have
caused measurement errors. Moreover, although more important
covariates have been controlled in the current study, some
potential confounders might remain unadjusted because of
unmeasured factors. In this study, we excluded participants with
self-imposed dietary restrictions because these participants might
have underlying diseases and including them in the analyses would
bias the associations. Additionally, it would be better to use the
haemoglubin Alc test for confirming T2DM; however, due to the
high cost of this test and the limited financial resources, we were
unable to conduct this test for all participants. In our analysis, we
made adjustments for energy intake, physical activity and BMI;
however, we acknowledge that this approach may not fully capture
the complexity of how different foods interact with satiety, energy
balance and physical activity levels, particularly concerning
carbohydrate-rich foods. The research indicates that foods with
varying glycaemic indices can influence appetite and overall
energetic consumption differently®. Also, high-glycaemic foods,
such as refined carbohydrates, have been shown to cause rapid
fluctuations in blood sugar levels, which can lead to feelings of
lethargy and decreased motivation for physical activity®®. For
instance, high-glycaemic foods, like white bread, can lead to rapid
increases in blood sugar, which may encourage subsequent
overeating. Conversely, lower-glycaemic foods such as berries
are more satiating per calorie. This difference in satiety could
naturally moderate energy intake, highlighting that controlling
exclusively for total energy intake may obscure important
relationships within our data. Moreover, the palatability and
energy density of certain foods play significant roles in dietary
behaviour. Foods that are more palatable tend to be consumed in
larger quantities, which can inadvertently lead to higher energetic
intake and subsequent weight gain — a concerning factor in the
context of T2D.

In conclusion, we found no significant association between
dietary GI, dietary GL, DII and DIL with the risk of T2DM.
However, choosing these indicators to evaluate the quality of
dietary carbohydrates and examine their relationship with chronic
diseases in future studies can be useful. More research, particularly
with longer follow-up duration, is needed to confirm these
findings.
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