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ABSTRACT

Objectives:

Hyperinsulinemia and insulin resistance are proposed as a significant contributor to
the evergrowing incidence of unhealthy cardiometabolic phenotypes. (CMPs). This
study analyzed the association between dietary insulin load (DIL) and dietary insulin

index (DIl) with CMPs in AZAR cohort population.

Design:

The current study was a cross-sectional analysis of the AZAR cohort study,

beginning in 2014 and continuing to this date.

Setting:

AZAR cohort is a part of an Iranian national screening program named the Persian
cohort and involves participants who have lived in the Shabestar region in East-

Azarbaijan province, Iran for at least 9 months.

Participants:

A total number of 15006 participants agreed to partake in the study. We excluded
participants with missing data (N=9), participants with a daily energy intake lower
than 800 kcal (N=7) or higher than 8000 kcal (N=17), and participants with cancer

(N=85). Finally, 14888 individuals remained.

Primary and secondary outcome measures:
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The gathered information included demographic, dietary, anthropometric, and

activity data of the participants.

oNOYTULT D WN =

10 Results: The findings of the unadjusted model demonstrated that high DIL and DII
12 were associated with decreased odds of unhealthy CMPs. The fourth quartile of DIL
14 had 79% lesser odds for having metabolically unhealthy normal weight (MUHN)
17 phenotype and 63% lesser odds for having metabolically unhealthy obese (MUHO)
19 phenotype compared to those in the first quartile. The same results were observed
21 for DIl. mean energy intake of each unhealthy CMP was lower than mean energy

intake of the corresponding healthy CMP.

Conclusions: DIl and DIL were correlated with a decreased odds ratio of MUHN
29 and MUHO. We suggest that the reason for this observation was an unnoticed
31 lifestyle behavior change in participants with unhealthy CMPs that caused a lower

energy intake. Further studies are required to confirm this speculation via taking
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36 possible recent lifestyle behavior changes into account.

42 Article summary:

45 Strengths and limitations of this study:

48 e The current study was an analysis of the AZAR cohort study which is a very
49 large population. The final number of participants included was just less than
50 15,000 individuals.

¢ In this study, the associations between DIl and DIL with four different CMPs
53 were studied for the first time. This model helped us to analyze the data in a
54 more organized fashion.
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e The presense of confounders and their effect were considered while
analyzing the data.

e Even though the data were analyzed with the consideration of confounding
factors, still some of them were not assessed.

Introduction

According to World Health Organization (WHO), over 600 million adults are obese.
(1) Metabolic Syndrome (MetS), which is closely associated with obesity, has
increased the global burden of cardiovascular diseases, and its prevalence and
incidence have significantly risen the past two decades. (2) The incidence of MetS
usually agrees with the incidence of obesity. Prevalence of MetS has doubled in 73

countries and has notably increased in others as of 1980. (3)

Even though abdominal obesity is one of the criteria for MetS, MetS doesn’t always
equal obesity. Some other interesting phenotypes are recently seen more often.
Some obese individuals do not have the criteria for MetS. They are called the
Metabolically Healthy Obese (MHO). (4) Conversely, some non-obese individuals
fulfill the criteria for MetS. They are called the Metabolically Unhealthy Normal
Weight (MUHN) or the Metabolically Obese Normal Weight. (5)(6)(7)(8) This calls
for classifying individuals into four different cardiometabolic phenotype (CMP)
groups and assessing different metabolic factors based on four phenotypes; obese
individuals who fulfill MetS criteria, called the Metabolically Unhealthy Obese
(MUHO), obese individuals who do not fulfill MetS criteria, called the Metabolically

Healthy Obese (MHO), normal weight individuals who fulfill MetS criteria, called the
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Metabolically Unhealthy Normal Weight (MUHN), and normal weight individuals who

do not fulfill MetS criteria, called the Metabolically Healthy Normal Weight (MHN).
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10 Previous studies show a strong relationship between cardiometabolic status and
12 insulin resistance. (9)(10) The ability of foods to induce postprandial insulin secretion
14 is a significant factor in assessing the effect of individuals’ diets on weight gain,
17 hyperlipidemia, and type 2 diabetes. (11) Therefore, it is beneficial to quantify the
19 ability of individuals’ diets to induce postprandial insulin secretion. A diet with a high
21 glycemic index (Gl) and high Glycemic Load (GL) can lead to increased postprandial
insulin secretion, leading to obesity and diabetes. (12)(13) Still, these two Indexes
26 solely measure the effect of carbohydrates in this regard. In addition to
28 carbohydrates, proteins and lipids also increase postprandial insulin secretion.
Moreover, proteins enhance the effect of carbohydrates on insulin secretion. This

33 leads to the fact that the amount of carbohydrates in a diet is not accurately
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35 proportional to postprandial insulin secretion. (14) A food Insulin Index (ll) and
37 Dietary Insulin Load (DIL) have been suggested. Il can directly quantify the
40 postprandial insulin response to a test food compared to an isoenergetic portion of
42 a reference food. (11)(14) DIL can be calculated for each individual using Il and the
44 energy content of each food they consume. (15) since Il and DIL are directly based

on insulin response, they are more satisfactory to evaluate hypotheses that connect

N
O
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49 insulin exposure to cardiometabolic diseases compared to Gl and GL.(11)

52 Some studies have assessed the relation between insulin exposure of diets with

54 MetS and obesity but to the best of our knowledge, no studies have ever structured
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and grouped individuals in different CMP classifications and assessed the relation
between the insulinemic potential of their diets according to their CMP. Therefore, in
this study we try to investigate the association between Il and DIL with CMP in AZAR

cohort population.

Materials and Methods

Study design and participants

Azar cohort is a prospective population-based study(16) in Iran and a part of a
national screening program named prospective epidemiological research studies in
Iran (Persian cohort).(17)(18) Its main goal is to investigate the major non-
communicable diseases risk factors, including cardiovascular, pulmonary, and renal
diseases, diabetes, and cancer. Azar cohort started in October 2014 and is still in
progress in East- Azarbaijan province in Northwestern Iran. It is a study of up to
15000 individuals within the range of 35-70 years of age who have lived in the
Shabestar region for at least 9 months. Subjects with severe psychiatric or physical
illnesses and pregnant women were excluded from the study. This study is explained

in greater detail in other studies. (16)(17)(18)

Our cross-sectional study was conducted on the AZAR cohort population. A total
number of 15006 individuals agreed to participate. Then, we excluded individuals
with missing data (N=9). We excluded individuals who had a daily energy intake
lower than 800 kcal (N=7) or higher than 8000 kcal (N=17). Individuals who had

cancer were also excluded (N=85). Finally, 14888 individuals remained. The
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v9)
1 Z
2 g
3 g
g information included demographic, dietary, anthropometric, and activity data of the =
6 2
7 participants. All participants filled out a written informed consent form before the S
S =
9 study. The Bioethics Committee of Tabriz University of Medical Sciences, Tabriz, %
10 U v
:; Iran, approved the study. (Ethics Number: IR.TBZMED.REC.1401.414) % E
13 g 3
1‘5‘ Socioeconomic status of the participants was evaluated by the Wealth Score Index é: %
s 3
1? (WSI), calculated by Multiple Correspondence Analysis (MCA). Each participant's E g
18 EEEY
19 WSI was determined by assessing their possession of different permanent property 3 §
20 c &
;; (eg TV, dishwasher, and car), their residence’s conditions (eg type of ownership, the 3 §
G
;i number of rooms), and levels of education. Participants were separated into five WSI S ms
D S<
25 N
26 quintiles, from the lowest WSI to the highest one (1st to 5th quintile, respectively). g%g
27 g3o
28 By using a questionnaire completed by the participants, their daily activity was 85%
29 cwns
X c
2(1) assessed. We used Metabolic Equivalent of Task (MET) as a criterion for this goal. gg %
Q—C_D'_,,
32 c3
33 MET shows the amount of energy consumed by each person based on their weight. %g
34 3ma2
35 For instance, one MET is the amount of oxygen consumed per kilogram of body 222
36 @ - g
;73 weight per minute by each resting person, that is 3.5 ml of oxygen. And therefore, E ;%
E. S
ig four MET equals 16 milliliters of oxygen used per kilogram of body weight per minute. é _5
4 2 3
42 We measured the activity levels of each participant by using this criterion. o g
43 3 3
44 5 €
45 Smokers were defined as participants who continuously smoked at least one T o
46 S K
47 cigarette per day for more than six months. Ex-smokers were considered as S §
48 Q o0
D
gg participants who had stopped smoking at least a year before, and non-smokers were @ i’;
51 o)
52 considered as participants who had never smoked. Other tobacco smokers were 3
53 =
54 considered as participants who smoked other tobacco products. Participants were E
55 =
56 §
57 3
58 °
59 8 i
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divided into three categories based on their alcohol consumption; non-drinkers
(participants who had never consumed alcohol), experienced/ex-drinkers
(participants who had experienced alcohol consumption or who had used to drink),

and drinkers (participants who regularly consumed alcohol).

Biochemical measurements

Samples of blood were collected from every individual after an overnight fast of 12
hours. Fasting blood sugar (FBS), serum triglyceride (TG), and high-density
lipoprotein (HDL) were determined using a commercial kit (Pars Azmoon, Tehran).

(17)

Anthropometric measurements

We used a mounted tape for measuring the height to the nearest 1 mm. Weight was
measured with light clothing and without using shoes with a Seca scale to the
nearest 0.1 kg. BMI was calculated by dividing weight (kg) by the square of height
(m) and presented as kg/ m2. The waist circumference (WC) was measured
according to NIH guidelines. Female individuals with WC =88 cm and male

individuals with WC of = 102 cm were considered abdominally obese. (19)

Blood pressure measurements

The blood pressure was measured two times in each arm in the sitting position and
according to Persian cohort protocol. (17) The individuals rested for ten minutes
between each measurement. The blood pressure of every individual was calculated

as the average of the two measurements in each arm.
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Cardiometabolic phenotypes and Metabolic syndrome definition

We defined Mets according to the National Cholesterol Education Program’s Adult

oNOYTULT D WN =

10 Treatment Panel Il report (ATPIII) criteria. (3) According to these criteria, MetS is
12 defined by the presence of three or more of the followings: Fasting blood glucose
14 =100 mg/dl; HDL cholesterol less than 40 mg/dl in men or less than 50 mg/dl in
17 women; blood triglycerides = 150 mg/dl or drug treatment for elevated triglycerides;
19 waist circumference greater than 102 cm in men or greater than 88 cm in women;
21 systolic blood pressure =130 and/or diastolic blood pressure =85 mmHg or

antihypertensive drug treatment in a patient with a history of hypertension.
26 We considered the cut off point for Body Mass Index (BMI) to be 25 kg/mZ. (20)

In this study, we categorized the subjects into four CMPs based on their BMI and

32 the presence of MetS. The categories include:

35 1. Obese individuals who fulfill MetS criteria, called the Metabolically Unhealthy
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37 Obese (MUHO)

39 2. Obese individuals who do not fulfill MetS criteria, called the Metabolically
4 Healthy Obese (MHO)

44 3. Normal weight individuals who fulfill MetS criteria, called the Metabolically

46 Unhealthy Normal Weight (MUHN)
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. Normal weight individuals who do not fulfil MetS criteria, called the

51 Metabolically Healthy Normal Weight (MHN)

54 Measuring DIl and DIL
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The Food Insulin Index (FIl) is the area under the curve of increasing insulin over 2
hours after consumption of a 1000-kJ (239 kcal) portion of a test food divided by the
area under the curve after consumption of a 1000-kJ (239 kcal) portion of the
reference food. The insulin index for 68 food items was gathered from studies by
Holt et al (14), Bao et al (21), and Bell et al (22). The Insulin Index for salt, tea, and
coffee was considered zero since the amount of carbohydrate, protein, and fat, and
the energy content of these foods is approximately zero. For the rest of the 49 food
items that were not included in the food lists of the aforementioned studies, the FlI
of similar food items considering the similarity of their energy, carbohydrate, protein,
fat, and fiber content was used. For instance, both dates and raisins are dried fruits.
The energy, carbohydrate, fat, protein, and fiber content of both fruits are
comparable to each other. Hence, the insulin index of raisins was used for dates. To
calculate DIL, the insulin load of each food was determined using the following
formula: Insulin load of a given food = insulin index of that food x energy content per
1 g of that food x amount of that food consumed (g/d). By summing up the insulin
load of each food, DIL was obtained for each participant. DIl for each participant was

then determined by dividing DIL by total energy intake.

Statistical analysis

Statistical Package for the Social Sciences (SPSS, version 11.5, Chicago, IL) was
used for the data analysis. Descriptive statistics were obtained for all study variables
and reported as mean + SD as well as number (percentage) where applicable. x2

test was used for comparing nominal qualitative variables in different
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Cardiometabolic groups and Kruskal-Wallis test was used for comparing ordinal

qualitative variables in different Cardiometabolic groups. One-way ANOVA test was

oNOYTULT D WN =

9 used to compare mean values amongst different Cardiometabolic groups. The
multinomial logistic regression analysis was used for estimating crude and adjusted
14 odds ratios (OR) and their corresponding 95% confidence intervals (95% Cls). Mets
16 components  (hypertension, high FBS, Hypo-HDL, cholesterolemia,
18 hypertriglyceridemia, and abdominal obesity), Insulin Index, and Dietary Insulin Load
were considered independent variables. Each variable was introduced in the model
23 one by one. The effect of confounding factors (age, gender, educational level, marital
25 status, current smoking status, and frame size) was adjusted, and MHN was
considered as the reference group. Statistical significance was considered

30 as P value <0.05.

33 Finally, We used the STROBE cross sectional checklist when writing our report.(23)
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36 Results

39 Participants’ characteristics

42 Table 1 presents the participants’ baseline characteristics according to their CMPs
44 and Table 2 presents the same characteristics in both genders. Among the four

phenotypes, the MUHO phenotype had the highest proportion of female and married
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49 participants. (Table 1). The married participants’ ratio was significantly higher in both
51 genders. (Table 2) Education levels regardless of gender, and in female participants

were lower in the MUHO phenotype group, (p<0.001) but the education levels in
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male participants showed no significant differences. (p< 0.39). Physical activity in
both genders was significantly lower in metabolically unhealthy participants (Both
MUHN and MUHO). (p<0.001) Assessing the quintiles of WSl in all of the participants
(Table 1) and female participants (Table 2) showed that the MUHO were mostly
among the 1st quintile of WSI. (p<0.001) whereas in male participants (Table 2), the
MUHO phenotype was associated with higher income. (p<0.001) Interestingly, mean
energy intake of each unhealthy CMP was lower than mean energy intake of the
corresponding healthy CMP. For instance, mean energy intake of MUHN participants
was 2850.34+919.82 whereas it was 3109.21+919.32 in MHN participants.
Moreover, frequency of alcohol consumption and Smoking was significantly higher
in MHN participants than in MUHO participants. (p<0.001) On the other hand, the
percentage of secondhand smokers was significantly higher in MUHO participants
than in MHN ones, both regardless and according to their gender. (Tables 1 and 2)
(p<0.001) The mean values of Age, BMI, and waist circumference showed
incremental trends from being in a healthy phenotype (whether normal weight or
obese) to an unhealthy phenotype. (p<0.001) (Tables 1 and 2). Hip circumference

was lower in the MHN than in the MHO and MUHO. (p<0.001)

Relationship between Cardiometabolic Phenotypes and Dietary Insulin Load

and Index

The frequency of Insulin load and index quartiles showed a significant decrease from
the 1stto 4t quartile in metabolically unhealthy participants (Both MUHN and MUHO)

(p<0.001).
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1 Z
2 @)
3 3
g Unexpectedly, the mean values of Dietary Insulin Index and Dietary Insulin Load =
6 2
7 showed to be higher in metabolically healthy phenotypes than in unhealthy ones, S
8 =
9 with the MUHN phenotype being the lowest. (p<0.001) In addition, the mean value %
10 U v
:; of energy intake was lower in metabolically unhealthy phenotypes compared to their % E
s &

12 corresponding healthy phenotypes, with the MUHN consuming the lowest energy E g
15 )
16 intake. (p<0.001) (Table 1) This trend was seen both regardless of the participants’ é o}
17 & 3
B gender, (Table 1) and in male or female participants divided. (Table 2) z E
;; The findings of the unadjusted model indicated that compared to the 1st DIL quartile, g 2
G

;i the risks of MUHN and MUHO in the 4t DIL quartile decreased by 0.21 (0.14 - 0.32) S ms
D S<

25 N
26 and 0.37 (0.33 — 0.43), respectively (Table 3). After adjustment for different g%g
27 g3o
28 intervening factors (ie age, gender, education, MET, and Energy intake), a strong 85%
29 G2
2(1) negative correlation was observed between DIL with MUHN. But there were no gg%
32 D-g =
33 significant correlations between DIL with MHO and MUHO after the adjustments. 223
34 3ma2
35 (Table3). The aforementioned negative correlation was more obvious in the 4t DIL 222
36 e 3
;73 quartile. In Model 2, the observed odds ratio for MUHN was 0.61 (0.42 — 0.90) in the E S
o 3

ig 27 DIL quartile, while it was 0.23 (0.12 — 0.47) in the 4" DIL quartile. (Table3). é _5
4 2 é
fé The findings of the unadjusted model for the DIl quartiles indicated that compared to ‘g §
44 5 €
45 the 1st DIl quartile, the risks of MUHN and MUHO in the 4t DIl quartile decreased T o
46 S K
47 by 0.18 (0.11 - 0.28) and 0.39 (0.34 — 0.45), respectively (Table 3). After adjustment S 3
48 a &
gg for the same intervening factors as DIL quartiles, a strong negative correlation was 3 i’;
51 o)
52 observed between DIl with MUHN and MUHO. But there was no significant 3
53 =
54 correlation between DIl with MHO after the adjustments. (Table3). The E
55 =
56 {’%’
57 3
58 °
59 1 o
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aforementioned negative correlations were more obvious in the 4t DIl quartile. In
Models 1 and 2, the observed odds ratio for MUHN were 0.59 (0.41 — 0.84)
respectively in the 2" DIl quartile, while they were both 0.24 (0.15 — 0.37) in the 4t

DIl quartile. (Table3).

These models were also run for both male and female participants separately. The

results in both genders were overall the same as all participants combined.

Discussion

This cross-sectional study looked into the association between DIl and DIL with
different CMPs. The findings indicated that there was a significant negative
correlation between DIl and DIL and MUHN and MUHO phenotypes both before and
after considering confounding variables. Our findings demonstrated no significant
correlation between DIL and DIl and MHO. The prevalence of chronic conditions
such as MetS has increased in recent years. (2)(24) Previous studies indicate a
significant positive association between insulin resistance and unhealthy
cardiometabolic status. (25) One of the main causes of insulin resistance is the
tendency towards diets with high insulinemic capability. (21)(26) Thus, it is of great
importance to establish a reliable index to demonstrate the insulinemic potential of
individuals’ diets. Since DIl and DIL directly depend on insulin response to food,
there has been an increase of attention to these two in evaluating the
aforementioned potential. (11)(21) By measuring these two indices in different

populations, we can search for an association between these two and different
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v9)
1 £
2 g
3 g
g CMPs and deduce whether we can use DIl and DIL to predict the odds of unhealthy =
6 2
7 CMPs or not. To the best of our knowledge, this is the first study trying to answer S
S =
9 this question and evaluate this association in different CMPs. In our study, there was %
10 U v
:; a correlation between unhealthy CMPs and lower DIL and DIl values. In addition, % S
T o
12 high DIL and DIl were associated with lower odds of unhealthy CMPs. (both MUHN E %
15 g ©
16 and MUHO). The trend of odds ratio in metabolically healthy phenotypes was not é E
17 & 3
B significant. We can conclude these findings in two different parts. z E
;; First, the correlation between lower DIL and DIl with unhealthy CMPs can be justified g 2
G
;i by the fact that the mean energy intake in unhealthy phenotypes was lower than in Gms
D S<
25 N
26 healthy phenotypes. This finding suggests that the participants with unhealthy g%g
27 g3o
28 phenotypes restricted their energy intake and possibly lowered the insulinemic 85%
29 cwns
X c
2(1) potential of their diet (ie lowered their DIl and DIL) to lose weight and modify their gg%
Q—C_D'_,,
32 c3
33 lifestyle behavior. Additionally, our findings demonstrate that alcohol consumption %g
34 3Rz
35 and smoking were also lower in metabolically unhealthy phenotypes. This supports 222
36 @ - g
;73 the speculation that participants with unhealthy phenotypes were following a lifestyle E ;%
E. S
ig modification plan in diet, smoking, and alcohol consumption. This modification could é _5
4 2 3
42 be the reason for lower DIl and DIL in unhealthy phenotypes. Therefore, we suggest o g
43 3 3
2‘5‘ that measuring DIl and DIL cannot be a reliable index for predicting the CMP and 2 c
o ®
O
j? the risk of developing chronic diseases. Further studies are needed to take recent s &
= O
48 a B
49 lifestyle modifications into account and determine the associations between DIl and 2 &UJ
50 &
51 DIL with CMPs in participants who have not had a recent lifestyle modification, %
52 o
v9)
gi specifically modifications in their diets. =2
55 =
56 {’%’
57 g
58 °
59 1 o
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Secondly, the insignificant trend of odds ratio in metabolically healthy phenotypes
suggests that insulin resistance may not be easily assessed and predicted by simply
measuring indices such as DIl and DIL since insulin secretion depends on different

components including the participant’s diet, neural, and hormonal activity. (27)

In line with our findings, Karimbeiki et al demonstrated that a higher insulinemic
effect of diet was not associated with higher rates of obesity. (28) Another study by
Anjom-Shojaei et al showed that a high DIl of diet was not associated with obesity
in men, although it was associated with obesity in women. (15) A cross-sectional
study on 262 participants of the Dortmund Nutritional and Anthropometric
Longitudinally Designed Study demonstrated that a higher DIl and DIL were
associated with higher body fat percentage, but not higher BMI. (29) On the other
hand, a cross-sectional study conducted on 203 overweight/obese adolescents
showed that a diet with higher DIl and DIL was associated with higher odds of being
in the MUHO group. (30) A cross-sectional study on the Shahidieh cohort
demonstrated that a higher DIl was associated with higher odds of MetS in women,
but no such association was seen in men. (24) moreover, a clinical trial with a
Mediterranean diet style was associated with healthier CMPs, lower body weight,
lower BMI and fat mass, and lower blood glucose and lipids in children and
adolescents with obesity. (31) Approving the aforementioned study, a cross-
sectional study on 137 European overweight and obese participants in their puberty,
showed that a Mediterranean diet was associated with a lower risk of MUHO

phenotype. (32) Another cross-sectional study involving both overweight and
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normal-weight Turkish children has demonstrated that breakfast and dinner with

higher DIl and DIL were associated with a higher odds ratio of being overweight. (33)

oNOYTULT D WN =

9 Two other studies were investigating the correlation between DIl and DIL with
diabetes, and cardiovascular disease respectively. The first study concluded that a
14 higher DIl and DIL of the diet were associated with a higher risk of diabetes, and DIL
16 was a better predictor for diabetes compared to DIl. (34) The other study
18 demonstrated that DIl and DIL were not associated with the risk of CVD,(35) which
is in line with our findings. In the current study, we demonstrated that DIl and DIL
23 were strongly correlated with a decreased odds ratio of MUHN and MUHO and that

25 there was no significant correlation between DIL and DIl and MHO.

28 Previous studies suggest several mechanisms for the correlation between DIl and
DIL with unhealthy CMPs. Insulin secretion can be a result of highly insulinemic

33 diets, which in turn, increases the oxidation of carbohydrates and decreases the
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35 oxidation of lipids. Therefore, these diets can cause a surplus in abdominal fat
37 storage, and increase the risk of obesity and unhealthy CMPs. (30) Moreover, high
40 insulinemic diets potentially cause faster carbohydrate digestion and absorption, and
42 higher blood glucose and insulin levels. They also cause a faster drop in the post-
44 prandial blood glucose levels after the surge. (36)(37) This sudden drop in blood

glucose can reduce satiety and cause a high-calorie intake of food, resulting in
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49 abdominal obesity and unhealthy CMPs. (36)(37) Additionally, High DIl and DIL are

51 associated with a higher incidence of insulin resistance and diabetes. (34)(38)
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Our study had several strengths. The associations between DIl and DIL with four
different CMPs were studied for the first time, and these CMPs were organized
based on the presence or absence of obesity, and the presence or absence of MetS.
This model helped assess the data in a more organized pattern. In addition, the
effect of confounding factors was also taken into account while analyzing the data.
Another strength of this study was its large population. Our study was conducted on
just less than 15000 participants. Nevertheless, there were some limitations during
the conduction of this study which should be taken into consideration while
evaluating the results. Since this was a cross-sectional study, we could not establish
a cause and effect correlation and more prospective studies are needed to establish
and assert such causality. Even though the data were analyzed with the confounding
factors taken into account, still some confounding factors including dietary habits,
psychological factors, parental obesity, and family history of cardiometabolic
diseases were not assessed. Finally, considering our findings demonstrated that
participants with unhealthy CMPs had lower energy intake and alcohol consumption,
and a lower smoking rate, it is presumable that some may have changed their
lifestyle behavior. This presumed lifestyle behavior change can be the main reason
for DIl and DIL being associated with a lower odds ratio of unhealthy CMPs. This
finding highlights the importance of considering recent lifestyle behavior change as
a confounding factor and further studies are needed to evaluate the association
between DIl and DIL with different CMPs in participants with no recent lifestyle
behavior change or evaluate this association while taking the aforementioned

confounding factor into account.
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Conclusion

oNOYTULT D WN =

This current cross-sectional study demonstrated that DIl and DIL were strongly
10 correlated with a decreased odds ratio of MUHN and MUHO and that there was no
significant correlation between DIL and DIl and MHO. As mentioned before, we
15 speculate that a lower energy intake in participants with unhealthy cardiometabolic
17 phenotypes, as a result of lifestyle behavior change, was the main reason for this
19 observation. Further studies, specifically with a prospective design, are required to
confirm this speculation via assessing the correlation between DIl and DIL with
24 different CMPs in participants who have not experienced a recent lifestyle behavior

26 change.
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Tablel: General characteristics of participants stratified by cardio metabolic phenotypes

Cardiometabolic Phenotype

MHN(n=2954) MUHN(N=240) MHO(n=6870) MUHO(n=4824) P value
N(%) N(%) N(%) N(%)

Gender *<0.001

Male 1822(61.7) 106(44.2) 3136(45.6) 1604(33.3)

Female 1132(38.3) 134(55.8) 3734(54.4) 3220(66.7)

Marital *<0.001

status

Not married  220(7.4) 20(8.3) 401(5.8) 441(9.1)

Married 2734(92.6) 220(91.7) 6469(94.2) 4383(90.9)

Education **<0.00

level 1

Illiterate 390(132) 60(25) 896(13.1) 1127(23.4)

Primary 1040(35.2) 73(30.4) 2745(40) 1955(40.5)

school

Diploma 1181(40) 87(36.3) 2562(37.3) 1451(30.1)

University 341(11.6) 20(8.3) 662(9.6) 289(6)

Physical activity level (METs")

**<0.001

Low 821(27.8) 88(36.7) 2110(30.7) 1958(40.6)

Moderate 852(28.8) 83(34.6) 2353(34.3) 1665(34.5)

High 1281(43.4) 69(28.7) 2407(35) 1201(24.9)

Quintiles of wealth index **<0.00
1

1 (poorest) 759(25.7) 51(21.3) 1402(20.4) 1232(25.5)

2 472(16) 39(16.3) 1097(43.6) 909(18.8)

3 564(19.1) 62(25.8) 1452(21.1) 949(19.7)

4 598(20.2) 37(15.4) 1570(22.9) 902(18.7)

5 (richest) 561(19) 51(21.3) 1349(19.6) 832(17.2)

Current Smoking status **<0.00
1

No smoker 1935(65.5) 176(73.3) 5276(76.8) 3922(81.3)

Ex-Smoker 238(8.1) 17(7.1) 608(8.9) 373(7.7)

Smoker 728(24.6) 44(18.3) 843(12.3) 451(9.3)

Smoker 53(1.8) 3(1.3) 143(2.1) 78(1.6)

other

tobacco

products(wat

er pipe,

hookah,pipe,

)

2
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Secondhand 1261(42.7) 104(43.3) 3205(46.7) 2433(50.4) *<(0.001

smoking

Alcohol consumption **<0.00
1

No 2567(86.9) 216(90) 6247((90.9) 4452(92.3)

Experiment 296(10) 17(7.1) 482(7) 276(5.7)

Limit time 3(0.1) 0 7(0.1) 6(0.1)

(for

treatment

Ex-drinker 9(0.3) 0 24(0.3) 8(0.2)

drinker 79(2.7) 7(2.9) 110(1.6) 82(1.7)

Insulin load **<0.00
1

1th 564(19.1) 97(40.4) 1503(21.9) 1545(32)

2nd 686(23.2) 64(26.7) 1747(25.4) 1233(25.6)

3rd 795(26.9) 45(18.8) 1778(25.9) 1105(22.9)

4th 909(30.8) 34(14.2) 1842(26.8) 941(19.5)

Insulin **<0.00

index 1

1th 578(19.6) 97(40.4) 1507(21.9) 1524(31.6)

2nd 707(23.9) 56(23.3) 1690(24.6) 1272(26.4)

3rd 762(25.8) 59(24.6) 1831(26.7) 1078(22.3)

4th 907(30.7) 28(11.7) 1842(26.8) 950(19.7)

Mean £SD Mean £SD Mean £SD Mean £SD

Age (years)  48.68+9.75 55.36+9.03 48.06+8.81 52.09+8.98 **<0.00
1

Height (cm) 165.4049.51 161.66+9.26 162.36+9.29 160.43+9.27 **<0.00
1

Weight (kg) 61.86+8.54 61.93+7.94 77.98+11.30 82.23+13.19 **<0.00
1

Waist 80.98+7.22 87.21+6.36 94.97+8.83 101.77+£9.14 ***<0.00

circumferen 1

ce (cm)

Hip 95.42+4.86 95.19+4.59 105.94+7.28 108.40+8.61 **<0.00

circumferenc 1

e (cm)

Dietary 54.88+19.42 47.95+9.24 53.42+18.46 50.78+16.52 **<0.00

insulin index 1

Dietary 157814.75+84217 121546.75+£612  150506.01£80295 135191.32+£72140 ***<0.00

insulin load .19 28.21 .64 .76 1

Energy 2830.454+911.30 2476.97+875.68 2768.65+885.93 2611.62+859.49 **<0.00

intake (kcal ) 1

; IMETSs: metabolic equivalent of task

*P value: chi-square test ; ** P value :kruskal —Wallis; *** P value :One Way ANOVA
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Table 2: General characteristics of participants stratified by cardio metabolic phenotypes in both genders

Cardiometabolic Phenotype

MHN (n=1822) MUHN (n=106) MHO (n=3136) MUHO(n=1604) P value
N(%) N(%) N(%) N(%)

Male
Marital *0.01
status
Not married  34(1.9) 1(0.9) 28(0.9) 16(1)
Married 1788(98.1) 105(99.1) 3108(99.1) 1588(99)
Education **0.39
level
[lliterate 171(9.4) 9(8.5) 250(8) 152(9.5)
Primary 658(36.1) 34(32.1) 1158(36.9) 591(36.8)
school
Diploma 774(42.5) 51(48.1) 1313(41.9) 681(42.5)
University 218(12) 12(11.3) 413(13.2) 180(11.2)
Physical activity level (METsT) **<0.001
Low 464(25.5) 35(33) 927(29.6) 617(38.5)
Moderate 334(18.3) 24(22.6) 621(19.8) 340(21.2)
High 1024(56.2) 47(44.3) 1588(50.6) 647(40.3)
Quintiles of wealth index **<0.001
1 (poorest) 409(22.4) 11(10.4) 505(16.1) 259(16.1)
2 304(16.7) 17(16) 472(15.1) 259(16.1)
3 351(19.3) 32(30.2) 683(21.8) 347(21.6)
4 369(20.3) 16(15.1) 702(22.4) 326(20.3)
5 (richest ) 389(21.4) 30(28.3) 774(24.7) 413(25.7)
Current Smoking status **<0.001
No smoker  820(45) 44(41.5) 1578(50.3) 745(46.4)
Ex-Smoker  234(12.8) 15(14.2) 591(18.8) 358(22.3)
Smoker 718(39.4) 44(41.5) 831(26.5) 434(27.1)
Smoker 50(2.7) 3(2.8) 136(4.3) 67(4.2)
other
tobacco
products(wa
ter pipe,
hookah,pipe
a")

econdhan  752(41.3) 35(33) 1371(43.7) 722(45) *0.02
d smoking
Alcohol consumption **0.3
No 1442(79.1) 82(77.4) 2552(80.4) 1243(77.5)
Experiment  290(15.9) 17(16) 476(15.2) 269(16.8)
Limit time 3(0.2) 0 6(0.2) 5(0.3)
(for
treatment
Ex-drinker 9(0.5) 0 22(0.7) 7(0.4)
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drinker
Insulin load
1th

2nd

3rd

4th
Insulin
index
1th

2nd

3rd

4th

Age (years)
Height (cm)
Weight (kg)

Waist
circumfere
nce (cm)
Hip
circumfere
nce (cm)
Dietary
insulin
index
Dietary
insulin load
Energy
intake (kcal

)

N(%)
Female
Marital
status
Not married  186(16.4)
Married 946(83.6)
Education
level
Illiterate 219(19.4)
Primary 382(33.8)
school
Diploma 407(36)
University 123(10.9)
Physical activity level (METs")
Low 357(31.5)
Moderate 518(45.8)
High 257(22.7)
Quintiles of
wealth
index

78(4.3)

166(9.1)

358(19.6)
553(30.4)
745(40.9)

250(13.7)
404(22.2)
518(28.4)
650(35.7)
Mean £SD
49.71+£9.61
170.61£7.00
65.48+7.58

82.85+6.95

95.58+4.65

56.44+19.27

178265.37+9195

3.88

3109.21+£919.32

MHN (n=1132)

7(6.6)

23(21.7)
27(25.5)
31(29.2)
25(23.6)

30(28.3)
28(26.4)
28(26.4)
20(18.9)
Mean £SD
55.15+8.85
169.29+6.35
67.76+6.17

89.20+5.58

96.11+4.09

50.20+9.74

146325.32+6833

8.32

2850.34+919.82

MUHN (n=134)

N(%)

19(14.2)
115(85.8)

51(38.1)
39(29.1)

36(26.9)
8(6)

53(39.6)
59(44)
22(16.4)

BMJ Open

110(3.5)

240(7.7)
607(19.4)
946(30.2)
1343(42.8)

435(13.9)
719(22.9)
955(30.5)
1027(32.7)
Mean £SD
49.234+9.04
169.78+6.63
82.66+9.94

97.82+7.37

104.05+5.30

55.38+17.39

179204.06+8816

4.46

3192.65+931.32

MHO (n=3734)

N(%)

373(10)
3361(90)

646(17.3)
1587(42.5)

1249(33.5)
249(6.7)

1183(31.7)
1732(46.4)
819(21.9)

80(29.1)

200(12.5)
338(21.1)
472(29.4)
594(37)

313(19.5)
439(27.4)
424(26.4)
428(26.7)
Mean £SD
52.01+£8.97
170.35+6.33
90.27+11.94

105.2648.33

107.11+6.33

53.10£15.33

169201.99+8385

7.36

3132.97+£961.05

MUHO(n=3220)

N(%)

425(13.2)
2795(86.8)

975(30.3)
1364(42.4)

770(23.9)
109(3.4)

1341(41.6)
1325(41.1)
554(17.2)
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**%<0.00
1

*#%<20.00
01
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1
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1 (poorest) 350(30.9)

2 168(14.8)

3 213(18.8)

4 229(20.2)

5 (richest ) 172(15.2)

Current Smoking status

No smoker 1115(98.5)

Ex-Smoker  4(0.4)

Smoker 10(0.9)

Smoker 3(0.3)

other

tobacco

products(wa

ter pipe,

hookah,pipe

5")

Secondhan  509(12.3)

d smoking

Alcohol consumption

No 1125(99.4)

Experiment  6(0.5)

Limit time 0

(for

treatment

Ex-drinker 0

drinker 0

Insulin load

1th 398(35.2)

2nd 328(29)

3rd 242(21.4)

4th 164(14.5)

Insulin

index

1th 328(29)

2nd 303(26.8)

3rd 244(21.6)

4th 257(22.7)
Mean £SD

Age (years) 47.01+9.75

Height (cm) 157.01+6.58

Weight (kg) 56.02+6.54

Waist 77.97+6.62

circumfere

nce (cm)

Hip 95.16+5.30

circumfere

nce (cm)

Dietary 52.35+19.40

insulin

index

Dietary 124898.66+5609

insulin load

0.32
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40(29.9)
22(16.4)
30(22.4)
21(15.7)
21(15.7)

132(98.5)
2(1.5)

0

0

69(51.5)

134(100)
0
0

0
0

74(55.2)
37(27.6)
14(10.4)
96.7)

67(50)
28(20.9)
31(23.1)
8(6)

Mean £SD
55.524+9.21
155.63+6.25
57.324+5.89
85.63+6.52

94.45+4.84

46.17+£8.44

101945.79+4661

9.43

BMJ Open

897(24)
625(16.7)
769(20.6)
868(23.2)
575(15.4)

3698(99)
17(0.5)
12(0.3)
7(0.2)

1834(49.1)

3725(99.8)
6(0.2)
1(0.

2(0.1)
0

1263(33.8)
1140(30.5)
832(22.3)
499(13.4)

1072(28.7)
971(26)
876(23.5)
815(21.8)
Mean £SD
47.07+8.49
156.12+
74.04+10.87
92.574+9.24

107.54+8.27

51.78+19.16

126403.94+6374

1.27

973(30.2)
650(20.2)
602(18.7)
576(17.9)
419(13)

3177(98.7)
15(0.5)
17(0.5)
11(0.3)

1711(53.1)

3209(99.7)
7(0.2)
1(0.02)

1(0.02)
2(0.1)

1345(41.8)
895(27.8)
633(19.7)
347(10.8)

1211(37.6)
833(25.9)
654(20.3)
522(16.2)
Mean £SD
52.13+8.98
155.49+5.94
78.23+11.90
100.03+£9.03

109.04+9.48

49.62+16.96

118249.36+5858

5.05

*#0.21

*<0.001

*#0.65

**<0.001

*#<0.001

<0.001
"*<0.001
**<0.001
**<0.001

**<0.001

*<0.001

**<0.001
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Energy 2381.774693.49  2165.50+£708.04  2412.56+£661.78  2351.92+666.32  *<0.001
intake (kcal

)
; IMETSs: metabolic equivalent of task

oNOYTULT D WN =

10 *P value: chi-square test ; ** P value :kruskal —-Wallis; *** P value :One Way ANOVA
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Table3: Association between cardiometabolic phenotype and across quartiles of DIL and DIL scores of Azar

cohort population

48 Quartiles of DIL Quartiles of DII

49 1 2 3 4 1 2 3 4

50 (n=3711 (n=3730 (n=3725) (3726) (n=370  (n=3726) (n=3730) (3728)
51 ) ) 8)

53 Q <99828. 99828.0  129348.5 >171278. <4443  44.44-48.64 48.65-5529 >55.30
54 rang 05 6- 4- 61

N
©
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129348. 171278.6
53 0

Crud
e
MUH  Referen 0.54(0.3 0.32(0.2 0.21(0.14 Referen 0.47(0.33- 0.46(0.32- 0.18(0.1
L ce 8-0.75) 2-0.47) -0.32) ce 0.66) 0.64) 1-0.28)
MHO  Referen 0.95(0.8 0.83(0.7 0.76(0.67 Referen 0.91(0.80- 0.92(0.81- 0.77(0.6

ce 3-1.08) 3-0.95) -0.86) ce 1.04) 1.04) 8-0.88)
MUH  Referen 0.65(0.5 0.50(0.4 0.37(0.33 Referen 0.68(0.59- 0.53(0.47- 0.39(0.3
O ce 7-0.75) 4-0.57) -0.43) ce 0.77) 0.61) 4-0.45)
MUH
L
Model Referen 0.66(0.4 0.45(0.3 0.34(0.22 Referen 0.59(0.410. 0.58(0.41- 0.24(0.1
1 ce 6-0.93) 0-0.67) -0.53) ce 84) 0.83) 5-0.37)
Model Referen 061(0.4 0.38(0.2 0.23(0.12 Referen 0.57(0.40- 0.57(0.40- 0.24(0.1
2 ce 2-0.90) 3-0.62) -0.47) ce 0.81) 0.82) 5-0.37)
MHO
Model Referen 1.05(0.9 1.03(0.9 1.04(0.90 Referen 0.97(0.85- 1.03(0.90- 0.88(0.7
1 ce 1-1.20) 0-1.18) -1.20) ce 1.11) 1.17) 8-1.01)
Model Referen 1.01(0.8 0.94(0.8 0.85(0.74 Referen 0.91(0.80- 0.94(0.82- 0.80(0.7
2 ce 7-1.16) 0-1.09) -1.04) ce 1.04) 1.07) 0-0.91)
MUH
(0]
Model Referen  0.88(0.7 0.85(0.7 0.80(0.69 Referen 0.86(0.75- 0.74(0.64- 0.57(0.5
1 ce 6-1.01) 4-0.99) -0.93) ce 0.99) 0.85) 0-0.66)
Model Referen 0.48(0.3 0.65(0.5 0.772(0.6 Referen 0.77(0.67- 0.64(0.56- 0.48(0.4
2 ce 8-0.59) 5-0.76) 6-0.89) ce 0.89) 0.74) 2-0.561)
Male Referen

ce

Crud
e
MUH  Referen 0.54(0.3 0.40(0.2 0.24(0.13 Referen 0.57(0.33- 0.45(0.26- 0.25(0.1
L ce 0-0.97) 3-0.71) -0.43) ce 0.99) 0.77) 4-0.46)
MHO Referen 1.17(0.9 1.18(0.9 1.24(1.00 Referen 1.02(0.83- 1.06(0.87- 0.90(0.7

ce 2-1.48) 4-1.48) -1.54) ce 1.24) 1.28) 5-1.09)
MUH  Referen 0.66(0.5 0.70(0.5 0.78(0.60 Referen 0.86(0.70- 0.65(0.53- 0.52(0.4
O ce 2-0.83) 5-0.90) -1.01) ce 1.07) 0.80) 2-0.64)
MUH
L
Model Referen 0.56(0.3 0.44(0.2 0.28(0.15 Referen 0.64(0.37- 0.46(0.27(0.  0.27(0.1
1 ce 1-1.02) 5-0.79) -0.52) ce 1.11) 80) 5-0.50)
Model Referen 0.49(0.2 0.34(0.1 0.17(0.06 Referen 0.66(0.38- 0.50(0.29- 0.30(0.1
2 ce 6-0.92) 7-0.69) -0.46) ce 1.14) 0.86) 6-0.55)
MHO
Model Referen 1.12(0.8 1.10(0.8 1.16(0.93 Referen 0.99(0.81- 1.01(0.84- 0.86(0.7
1 ce 8-1.42) 8-1.39) -1.45) ce 1.21) 1.22) 1-1.03)
Model Referen  1.05(0.8 0.98(0.7 0.93(0.70 Referen 0.98(0.80- 0.99(0.81- 0.82(0.6
2 ce 2-1.35) 6-1.26) -1.24) ce 1.19) 1.20) 8-1)
MUH
(0]
Model Referen 0.78(0.6 0.72(0.5 0.70(0.55 Referen 0.89(0.72- 0.65(0.53- 0.53(0.4
1 ce 0-1.01) 6-0.92) -0.89) ce 1.11) 0.81) 3-0.65)
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observational studies.

Reporting Item

o
o

02
(¢]

Number

1X3] 01 palejal sasn 1o} Buipnjoul ‘1ybliAdoo Ag palosloid

11adns juawaublasug

pue

Title and

abstract

Title #la
Abstract #1b
Introduction
Background / #2
rationale

Objectives #3
Methods

Study design #4
Setting #5

a Indicate the study’s design with a commonly used term in the title or the
abstract
b  Provide in the abstract an informative and balanced summary of what

was done and what was found

Explain the scientific background and rationale for the investigation

being reported

State specific objectives, including any prespecified hypotheses

Present key elements of study design early in the paper

Describe the setting, locations, and relevant dates, including periods of

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

—

[98)

N

‘saifojouyoa) Jejiwis pue ‘Buluresy |y ‘Buiuiw eyep

(@)

* (s3gv) 1ns
| @p anbiydesbollqig soushy 1e GZoz ‘vT sunc uo /wod fwg uadolwa//:diy woly papeojumod "€20zZ AeIN Z UO £0£890-2202-uadolwa/oeTT 0T Se paysiignd 1si1) :uado rINg

Page 34 of 35


https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#1a
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#1b
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#2
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#3
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#4
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#5
http://bmjopen.bmj.com/

Page 35 of 35

oNOYTULT D WN =

Eligibility criteria

Data sources /

measurement

Bias
Study size

Quantitative

variables

Statistical

methods

Statistical

methods

Statistical

methods

Statistical

methods

Statistical

methods
Results

Participants

Participants

Participants

BMJ Open
recruitment, exposure, follow-up, and data collection g
(&
@)
#6a  Give the eligibility criteria, and the sources and methods of selection of 8 E
participants. =
(%]
©
#7 Clearly define all outcomes, exposures, predictors, potential 9 &
confounders, and effect modifiers. Give diagnostic criteria, if applicable %
o
QD
#8 For each variable of interest give sources of data and details of methods 93 2
S o
of assessment (measurement). Describe comparability of assessment 8 r
o w
methods if there is more than one group. Give information separately = 2
. . < 3
for for exposed and unexposed groups if applicable. g ©
#9 Describe any efforts to address potential sources of bias ) §
RN
N
#10  Explain how the study size was arrived at 8§ %
2 o
S w
#11  Explain how quantitative variables were handled in the analyses. If 92“ S
applicable, describe which groupings were chosen, and why g m%
D S<
nwn N
#12a Describe all statistical methods, including those used to control for 12%%‘%
confounding g% g
Sh=] g
#12b Describe any methods used to examine subgroups and interactions 122%” 3
o
e
#12¢ Explain how missing data were addressed 8; %i
538
ST
&3
#12d If applicable, describe analytical methods taking account of sampling n/aE )
]
strategy S o
a 3
#12e Describe any sensitivity analyses 128 é
o
)
3 3
5 ¢
—_ ]
D @
o
RN
#13a Report numbers of individuals at each stage of study—eg numbers 122 §
potentially eligible, examined for eligibility, confirmed eligible, E ;,:
included in the study, completing follow-up, and analysed. Give ' %
information separately for for exposed and unexposed groups if §
applicable. g
3
#13b Give reasons for non-participation at each stage 12 3
>
2
#13c  Consider use of a flow diagram na
[oX
D

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#6a
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#7
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#8
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#9
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#10
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#11
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#12a
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#12b
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#12c
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#12d
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#12e
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#13a
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#13b
https://www.goodreports.org/reporting-checklists/strobe-cross-sectional/info/#13c
http://bmjopen.bmj.com/

oNOYTULT D WN =

Descriptive data

Descriptive data

Outcome data

Main results

Main results

Main results

Other analyses

Discussion
Key results

Limitations

Interpretation

Generalisability

Other

Information

Funding

3+
—
N
)

=
—_
N
(on

H
—_—
(9]

=
N
[

=
o
S)

H=
—_
N
o

H=
—_
-

i
oo

H=
—_
O

#22

BMJ Open

Give characteristics of study participants (eg demographic, clinical,
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ABSTRACT

Objectives:

Hyperinsulinemia and insulin resistance are proposed as contributors to the
incidence of cardiometabolic phenotypes (CMPs) with unhealthy metabolic status.
This study analyzed the association between dietary insulin load (DIL) and dietary

insulin index (DII) with CMPs in the AZAR cohort population.

Design:

This study was a cross-sectional analysis of the AZAR cohort study, beginning in

2014 and continuing to this date.

Setting:

AZAR cohort is a part of an Iranian screening program named the Persian cohort

and involves participants living in the Shabestar region, Iran for at least 9 months.

Participants:

A total of 15006 participants agreed to partake in the study. We excluded participants
with missing data (N=15), daily energy intake lower than 800 kcal (N=7) or higher

than 8000 kcal (N=17), and cancer (N=85). Finally, 14882 individuals remained.

Primary and secondary outcome measures:

The gathered information included the participants’' demographic, dietary,

anthropometric, and physical activity data.
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2 g
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g Results: The frequency of DIL and DIl significantly decreased from the 1st to 4t =
6 2
7 quartile in metabolically unhealthy participants (p<0.001). The mean values of DIL S
S =
9 and DIl were greater in metabolically healthy participants than in unhealthy ones. %
10 U v
:; (p<0.001). The findings of the unadjusted model presented that the risks of % 'E
T o
12 unhealthy phenotypes in the 4t DIL quartile decreased by 0.21 (0.14 - 0.32) and E §
15 g S
16 0.37 (0.33 —0.43) respectively compared to the 15t quartile. The same model showed é E
17 & 3
B the same risks for DIl decreased by 0.18 (0.11 - 0.28) and 0.39 (0.34 — 0.45) ; E
O (]
=l [00]
;? respectively. The results in both genders were the same as all participants o §
22 ‘% S
23 combined. E D
24 o D2
25 N
26 Conclusions: DIl and DIL were correlated with a decreased odds ratio of unhealthy g%ﬁ
27 g3o
28 phenotypes. We suggest the reason may be either a lifestyle change in metabolically 8 3%
29 cwns
X c
2(1) unhealthy participants or elevated insulin secretion not being as detrimental as gg%
g
32 c3
33 previously thought. Further studies can confirm these speculations. §$§
34 3mz
35 . 202
36 Article Summary: @ g
37 § é.
38 5 8
39 Strengths and limitations of this study: = 5
40 e 2
4 2 3
42 e The current study was an analysis of the AZAR cohort study which is a very o §
43 large population. The final number of participants included was just less than 3 2
j‘s‘ 15000 individuals. ol
46 ¢ In this study, the associations between DIl and DIL with four different CMPs § N
47 were studied for the first time. This model helped us to analyze the data in a s N
48 more organized fashion. & N
49 e The presence of confounders and their effect were considered while & &;
50 analyzing the data. &
g; e This was a cross-sectional study. Therefore we were unable to establish a §
53 cause-and-effect correlation. More prospective studies are needed to w
54 investigate and establish such causality. %
55 S
56 =
57 3
58 °
59 4 °
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Introduction

According to World Health Organization (WHO), over 600 million adults are obese.
(1) Metabolic Syndrome (MetS), which is closely associated with obesity, has
increased the global burden of cardiovascular diseases, and its prevalence and
incidence have significantly risen in the past two decades. (2) MetS represents a
collection of different metabolic abnormalities. MetS is a pathophysiological,
asymptomatic condition characterized by obesity, insulin resistance, hypertension,
glycemic abnormalities, and dyslipidemia(3). Although various criteria and definitions
have been proposed to describe MetS(3); it is mainly agreed that a combination of
three or more of the following constituents should be present: Hypertension, elevated
fasting blood glucose, elevated triglycerides, low HDL cholesterol, and large waist
circumference. The incidence of MetS usually agrees with the incidence of obesity.
The prevalence of MetS has doubled in 73 countries and has notably increased in

others as of 1980. (4)

Even though abdominal obesity is one of the criteria for MetS, MetS doesn’t always
equal obesity. Some other interesting phenotypes are recently seen more often.
Some obese individuals do not have the criteria for MetS. They are called the
Metabolically Healthy Obese (MHO). (5) Conversely, some non-obese individuals
fulfill the criteria for MetS. They are called the Metabolically Unhealthy Normal
Weight (MUHN) or the Metabolically Obese Normal Weight. (6)(7)(8)(9) This calls
for classifying individuals into four different cardiometabolic phenotypes (CMPs)

groups and assessing different metabolic factors based on four phenotypes; obese
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individuals who fulfill MetS criteria, called the Metabolically Unhealthy Obese

(MUHO), obese individuals who do not fulfill MetS criteria, called the MHO, normal

oNOYTULT D WN =

9 weight individuals who fulfill MetS criteria, called the MUHN, and normal weight
individuals who do not fulfill MetS criteria, called the Metabolically Healthy Normal

ot Weight (MHN).

17 Previous studies show a strong relationship between cardiometabolic status and
19 insulin resistance. (10)(11) The ability of foods to induce postprandial insulin
21 secretion is a significant factor in assessing the effect of individuals’ diets on weight
gain, hyperlipidemia, and type 2 diabetes. (12) Therefore, it is beneficial to quantify
26 the ability of individuals’ diets to induce postprandial insulin secretion. A diet with a
28 high glycemic index (Gl) and high Glycemic Load (GL) can lead to increased
postprandial insulin secretion, leading to obesity and diabetes. (13)(14) Still, these

33 two Indexes solely measure the effect of carbohydrates in this regard. In addition to
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35 carbohydrates, proteins and lipids also increase postprandial insulin secretion.
37 Moreover, proteins enhance the effect of carbohydrates on insulin secretion. This
40 points out that the amount of carbohydrates in a diet is not accurately proportional
42 to postprandial insulin secretion. (15) A food Insulin Index (ll) and Dietary Insulin
44 Load (DIL) have been suggested. The Il can directly quantify the postprandial insulin

response to a test food compared to an isoenergetic portion of a reference food.

N
O
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49 (12)(15) DIL can be calculated for each individual using Il and the energy content of

51 each food they consume. (16) since Il and DIL are directly based on insulin
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response, they are more satisfactory to evaluate hypotheses that connect insulin

exposure to cardiometabolic diseases compared to Gl and GL.(12)

Some studies have assessed the relation between insulin exposure of diets with
MetS and obesity but to the best of our knowledge, no studies have ever structured
and grouped individuals in different CMP classifications and assessed the relation
between the insulinemic potential of their diets according to their CMP. Therefore, in
this study, we try to investigate the association between Il and DIL with CMP in the

AZAR cohort population.

Materials and Methods

Study design and participants

AZAR cohort is a prospective population-based study(17) in Iran and a part of a
national screening program named prospective epidemiological research studies in
Iran (Persian cohort). (18)(19) Its main goal is to investigate the major non-
communicable diseases risk factors, including cardiovascular, pulmonary, and renal
diseases, diabetes, and cancer. The AZAR cohort started in October 2014 and is
still in progress in East- Azarbaijan province in Northwestern Iran. It is a study of up
to 15000 individuals within the range of 35-70 years of age who have lived in the
Shabestar region for at least 9 months. Subjects with severe psychiatric or physical
illnesses and pregnant women were excluded from the study. This study is explained

in greater detail in other studies. (17)(18)(19)
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vs)
1 Z
; :
g Our cross-sectional study was conducted on the AZAR cohort population. A total 3
6 2
7 number of 15006 individuals agreed to participate. Then, we excluded individuals S
S =
9 with missing data (N=15). We excluded individuals who had a daily energy intake %
10 U v
1; lower than 800 kcal (N=7) or higher than 8000 kcal (N=17). Individuals who had % E
T o
12 cancer were also excluded (N=85). Finally, 14882 individuals remained. The E %
15 g ©
16 information included demographic, dietary, anthropometric, and activity data of the é E
17 & 3
B participants. All participants filled out a written informed consent form before the ; E
O (o2}
=l (o]
;? study. The Bioethics Committee of Tabriz University of Medical Sciences, Tabriz, 2. §
« o
22 —h =]
23 Iran, approved the study. (Ethics Number: IR.TBZMED.REC.1401.414) E N
24 o r:”§
25 N
26 The socioeconomic status of the participants was evaluated by the Wealth Score g%g
27 g3o
28 Index (WSI), calculated by Multiple Correspondence Analysis (MCA). Each 85%
29 cwns
X c
30 participant's WSI was determined by assessing their possession of different $8§
31 g_(ll;-o.
32 =
33 permanent property (eg TV, dishwasher, and car), their residence’s conditions (eg §$§
34 3ma2
35 type of ownership, the number of rooms), and levels of education. Participants were 222
36 @ - g
;73 separated into five WSI quintiles, from the lowest WSI to the highest one (1st to 5th E ;%
E. S
ig quintile, respectively). The participants' dietary intake was assessed by using a food é _5
4 2 3
42 frequency questionnaire (FFQ) which they were asked to complete. The FFQ was o g
43 3 3
2‘5‘ designed as a semi-quantitative, interviewer-administered questionnaire with 130 2 c
o ®
O
j? items, enquiring about participants' usual intake of each food item over the past year. g g
48 a B
49 Participants reported their daily, weekly, monthly, or yearly use of each item, as well 2 &UJ
50 &
51 as the portion consumed each time, based on portion sizes applicable to each item. %
52 o
v}
gi Actual dishes, cups, and utensils, as well as several portion size models, were S
o
55 <
56 {’%’
57 g
58 °
59 8 o
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shown to participants for a more precise portion size estimation. In addition, a 64-
picture album (20) including standard portions of bread, fruits, and vegetables, was
used whenever needed. We used Metabolic Equivalent of Task (MET) as a criterion
for this goal. MET shows the amount of energy consumed by each person based on
their weight. For instance, one MET is the amount of oxygen consumed per kilogram
of body weight per minute by each resting person, that is 3.5 ml of oxygen. And
therefore, four MET equals 14 milliliters of oxygen used per kilogram of body weight
per minute. We measured the activity levels of each participant by using this

criterion.

Smokers were defined as participants who continuously smoked at least one
cigarette per day for more than six months. Ex-smokers were considered as
participants who had stopped smoking at least a year before, and non-smokers were
considered as participants who had never smoked. Other tobacco smokers were
considered as participants who smoked other tobacco products. Participants were
divided into three categories based on their alcohol consumption; non-drinkers
(participants who had never consumed alcohol), experienced/ex-drinkers
(participants who had experienced alcohol consumption or who had used to drink),

and drinkers (participants who regularly consumed alcohol).

Patient and public involvement

Patients and/or the public were not involved in the design, conduct, reporting, or

dissemination plans of this research.
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1 Z
2 g
> g
g Biochemical measurements =
: :
; Samples of blood were collected from every individual after an overnight fast of 12 %
)
9 o
10 hours. Fasting blood sugar (FBS), serum triglyceride (TG), and high-density v B
11 S o
12 lipoprotein (HDL) were determined using a commercial kit (Pars Azmoon, Tehran). % B
13 Q
14 18 g€ 3
. (18) 5 3
16 < 3
1; Anthropometric measurements ‘g S
;‘1) We used a mounted tape for measuring the height to the nearest 1 mm. Weight was s §
5 ™
« o
;g measured with light clothing and without using shoes with a Seca scale to the RN
c =z
24 ALY
25 nearest 0.1 kg. Body Mass Index (BMI) was calculated by dividing weight (kg) by the % g_é
26 55 R
27 square of height (m) and presented as kg/ m2. The waist circumference (WC) was 8% 9
28 =
;g measured according to NIH guidelines. Female individuals with WC 288 cm and gé’g
Y

31 S 3
32 male individuals with WC of = 102 cm were considered abdominally obese. (21) Zg %
33 533
34 3ma2
35 Blood pressure measurements ERZIS]
36 & g
37 . . . - i > 35
38 The blood pressure was measured two times in each arm in the sitting position and 5 3
39 g o
40 according to Persian cohort protocol. (18) The individuals rested for ten minutes a 2
41 2 8
3
fé between each measurement. The blood pressure of every individual was calculated g o
jg as the average of the two measurements in each arm. = %
46 % =
j; Cardiometabolic phenotypes and Metabolic syndrome definition § §
49 g =
’ >
g? We defined Mets according to the National Cholesterol Education Program’s Adult E
52 @
53 Treatment Panel Ill report (ATPIII) criteria. (4) According to these criteria, MetS is 2
54 S
55 defined by the presence of three or more of the followings: Fasting blood glucose S
56 =
57 3
58 °
59 10 i
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=100 mg/dl or drug treatment for elevated blood glucose; HDL cholesterol less than
40 mg/dl in men or less than 50 mg/dl in women or drug treatment for low HDL; blood
triglycerides =150 mg/dl or drug treatment for elevated triglycerides; waist
circumference greater than 102 cm in men or greater than 88 cm in women; systolic
blood pressure =130 and/or diastolic blood pressure 285 mmHg or antihypertensive

drug treatment in a patient with a history of hypertension.

We considered the cut-off point for Body Mass Index (BMI) to be 25 kg/m? for

overweight and obese participants. (22)

In this study, we categorized the subjects into four CMPs based on their BMI and

the presence of MetS. The categories include:

1. Obese individuals who fulfill MetS criteria, called the MUHO
2. Obese individuals who do not fulfill MetS criteria, called the MHO
3. Normal-weight individuals who fulfill MetS criteria, called the MUHN

4. Normal-weight individuals who do not fulfill MetS criteria, called the MHN
Measuring DIl and DIL

The Food Insulin Index (FIl) is the area under the curve of increasing insulin over 2
hours after consumption of a 1000-kJ (239 kcal) portion of a test food divided by the
area under the curve after consumption of a 1000-kJ (239 kcal) portion of the
reference food. The insulin index for 68 food items was gathered from studies by
Holt et al (15), Bao et al (23), and Bell et al (24). The Insulin Index for salt, tea, and

coffee was considered zero since the amount of carbohydrates, protein, and fat, and

11
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the energy content of these foods is approximately zero. For the rest of the 49 food

items that were not included in the food lists of the aforementioned studies, the FlI

oNOYTULT D WN =

9 of similar food items considering the similarity of their energy, carbohydrate, protein,
fat, and fiber content was used. For instance, both dates and raisins are dried fruits.
14 The energy, carbohydrate, fat, protein, and fiber content of both fruits are
16 comparable to each other. Hence, the insulin index of raisins was used for dates. To
18 calculate DIL, the insulin load of each food was determined using the following
formula: Insulin load of a given food = insulin index of that food x energy content per
23 1 g of that food x amount of that food consumed (g/d). By summing up the insulin
25 load of each food, DIL was obtained for each participant. DIl for each participant was

then determined by dividing DIL by total energy intake.
Statistical analysis

Statistical Package for the Social Sciences (SPSS, version 11.5, Chicago, IL) was
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36 used for the data analysis. Descriptive statistics were obtained for all study variables
38 and reported as mean + SD as well as number (percentage) where applicable. x2
40 test was used for comparing nominal qualitative variables in different
Cardiometabolic groups and the Kruskal-Wallis test was used for comparing ordinal
45 qualitative variables in different Cardiometabolic groups. A one-way ANOVA test

47 was used to compare mean values amongst different Cardiometabolic groups. The

N
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multinomial logistic regression analysis was used for estimating crude and adjusted
52 odds ratios (OR) and their corresponding 95% confidence intervals (95% Cls). Mets

54 components  (hypertension, high FBS, Hypo-HDL, cholesterolemia,
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hypertriglyceridemia, and abdominal obesity), Insulin Index, and Dietary Insulin Load
were considered independent variables. Each variable was introduced in the model
one by one. The effect of confounding factors (age, gender, educational level, marital
status, current smoking status, and frame size) was adjusted, and MHN was
considered as the reference group. Statistical significance was considered

as P value <0.05.

Finally, We used the STROBE cross-sectional checklist when writing our report. (25)

Results

Participants’ characteristics

Table 1 presents the participants’ baseline characteristics according to their CMPs

and Tables 2 and 3 present the same characteristics in both genders.

Tablel: General characteristics of participants stratified by cardiometabolic phenotypes

Cardiometabolic Phenotype P value
MHN(n=2948) MUHN(n=240) MHO(n=6870) MUHO(n=4824)
N(%) N(%) N(%) N(%)
Gender *<0.001
Male 1820(61.7) 106(44.2) 3136(45.6) 1604(33.3)
Female 1128(38.3) 134(55.8) 3734(54.4) 3220(66.7)
Marital status *<0.001
Not married 218(7.4) 20(8.3) 401(5.8) 44109.1)
Married 2730(92.6) 220(91.7) 6469(94.2) 4383(90.9)
Education **<0.001
level
Illiterate 387(13.1) 60(25) 898(13.1) 1128(23.4)
Primary school 1040(35.3) 73(30.4) 2747(40) 1956(40.5)
Diploma 1180(40) 87(36.3) 2562(37.3) 1451(30.1)
13
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<
[
O
he]
®
=
University 341(11.6) 20(8.3) 663(9.7) 289(6) =
n
Physical activity level (METs") *%<0.001 -S
c
Low 816(27.7) 88(36.7) 2110(30.7) 1958(40.6) %
>
Moderate 851(28.9) 83(34.6) 2353(34.3) 1665(34.5) 5
)
High 1281(43.5) 69(28.7) 2407(35) 1201(24.9) @
S 5
Quintiles of wealth index **<0.001 ®
Q Bk
w
1 (poorest) 758(25.7) 51(21.3) 1402(20.4) 1232(25.5) g (o2
o O
2 470(15.9) 39(16.3) 1097(43.6) 909(18.8) ‘: %.
o -
3 564(19.1) 62(25.8) 1452(21.1) 949(19.7) 2 e
4 597(20.3) 37(15.4) 1570(22.9) 902(18.7) ‘% §
- N
5 (richest ) 559(19) 51(21.3) 1349(19.6) 832(17.2) g g
= o
Current Smoking status **<0.001 S 8
5
No smoker 1930(65.5) 176(73.3) 5276(76.8) 3922(81.3) ‘i g
o
= N
Ex-Smoker 238(8.1) 17(7.1) 608(8.9) 373(7.7) c =
n My
Smoker 727(24.7) 44(18.3) 843(12.3) 451(9.3) ? QE
323
Smokers of 53(1.8) 3(1.3) 143(2.1) 78(1.6) g‘% %
other tobacco o CBD o
products(water e g
: S
pipe, hookah, 2 =1
pipe...) g_(gf) 8
Secondhand 1256(42.6) 104(43.3) 3205(46.7) 2433(50.4) *<0.001 20 %
smoking 23 i
oS =
Alcohol consumption *#%<0.001 o~ g
Q> >
No 2561(86.9) 216(90) 6247((90.9) 4452(92.3) 3 % =
SnT
Experiment 296(10) 17(7.1) 482(7) 276(5.7) ,:g . g
Limit time (for 3(0.1) 0 7(0.1) 6(0.1) > )
treatment = 9
o 3
Ex-drinker 9(0.3) 0 24(0.3) 8(0.2) g 5‘
Q 2
drinker 79(2.7) 7(2.9) 110(1.6) 82(1.7) © g
5
Insulin load **<0.001 : i
= O
1th 561(19) 97(40.4) 1503(21.9) 1545(32) % Z.
c
2nd 685(23.2) 64(26.7) 1747(25.4) 1233(25.6) T g
o
3rd 794(26.9) 45(18.8) 1778(25.9) 1105(22.9) 3 »
o N
= O
4t 908(30.8) 34(14.2) 1842(26.8) 941(19.5) (8 N
o o
Insulin index **<(.001 » ';
Q@
1th 577(19.6) 97(40.4) 1507(21.9) 1524(31.6) o
)
2nd 703(23.8) 56(23.3) 1690(24.6) 1272(26.4) %
3rd 761(25.8) 59(24.6) 1831(26.7) 1078(22.3) =
8
)
o
=
o
c
®
o
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4th 907(30.7) 28(11.7) 1842(26.8) 950(19.7)
Mean +SD Mean £SD Mean £SD Mean £SD
Age (years) 48.68+9.75 55.36+9.03 48.06+8.81 52.09+8.98 ***<0.001
Height (cm) 165.4049.51 161.66+9.26 162.36+9.29 160.43+£9.27 **<0.001
Weight (kg) 61.86+8.54 61.93+7.94 77.98+11.30 82.23+13.19 **<0.001
Waist 80.98+7.22 87.21+6.36 94.97+8.83 101.77+£9.14 **<0.001
circumference
(cm)
Hip 95.42+4.86 95.19+4.59 105.94+7.28 108.40+8.61 **<0.001
circumference
(cm)
Dietary 54.89+19.43 47.95+9.24 53.42+18.46 50.78+16.52 **<0.001
insulin index
Dietary 157907.354+84258.16 | 121546.75+61228. | 150506.01+80295.64 | 135191.32+72140.76 *<0.001
insulin load 21
Energy intake 2831.29+911.44 2476.97+875.68 2768.65+885.93 2611.62+859.49 **<0.001
(kcal)

; IMETs: the metabolic equivalent of task

*P value: chi-square test ; ** P value :kruskal —Wallis; *** P value :One Way ANOVA

Table 2: General characteristics of participants stratified by cardiometabolic phenotypes in male participants

Cardiometabolic Phenotype

MHN (n=1820) MUHN (n=106) MHO (n=3136) MUHO(n=1604) | P value
N(%) N(%) N(%) N(%)

Male

Marital *0.01

status

Not married 34(1.9) 1(0.9) 28(0.9) 16(1)

Married 1786(98.1) 105(99.1) 3108(99.1) 1588(99)

Education **0.39

level

Illiterate 170(9.3) 9(8.5) 252(8) 152(9.5)

Primary 659(36.2) 34(32.1) 1158(36.9) 591(36.8)

school

Diploma 773(42.5) 51(48.1) 1313(41.9) 681(42.5)

University 218(12) 12(11.3) 413(13.2) 180(11.2)
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1
2
3
4 Physical activity level (METs") **<0,001
5
6 Low 462(25.4) 35(33) 927(29.6) 617(38.5)
7 Moderate 334(18.4) 24(22.6) 621(19.8) 340(21.2)
2 High 1024(56.3) 47(44.3) 1588(50.6) 647(40.3)
10 Quintiles of wealth index **<0.001
1; 1 (poorest) 408(22.4) 11(10.4) 505(16.1) 259(16.1)
13 2 304(16.7) 17(16) 472(15.1) 259(16.1)
14 3 351(19.3) 32(30.2) 683(21.8) 347(21.6)
1
1 2 4 369(20.3) 16(15.1) 702(22.4) 326(20.3)
17 5 (richest) 388(21.3) 30(28.3) 774(24.7) 413(25.7)
12 Current Smoking status **<0.001
20 No smoker 819(45) 44(41.5) 1578(50.3) 745(46.4)
21 Ex-Smoker 234(12.8) 15(14.2) 591(18.8) 358(22.3)
22
23 Smoker 717(39.4) 44(41.5) 831(26.5) 434(27.1)
24 Smokers of 50(2.7) 3(2.8) 136(4.3) 67(4.2)
25 other tobacco
26 products(wate
I pipe,
27 hookabh,
;g pipe,..)
30 Secondhand | 750(41.2) 35(33) 1371(43.7) 722(45) *0.02
31 smoking
32 Alcohol consumption **(.3
gi No 1440(79.1) 82(77.4) 2552(80.4) 1243(77.5)
35 Experiment 290(15.9) 17(16) 476(15.2) 269(16.8)
36 Limit time 3(0.2) 0 6(0.2) 5(0.3)
37 (for treatment
gg Ex-drinker 9(0.5) 0 22(0.7) 7(0.4)
40 drinker 78(4.3) 7(6.6) 110(3.5) 80(29.1)
41 Insulin load **<0.001
42
43 1th 166(9.1) 23(21.7) 240(7.7) 200(12.5)
44 2nd 358(19.6) 27(25.5) 607(19.4) 338(21.1)
22 3d 552(30.3) 31(29.2) 946(30.2) 472(29.4)
47 4th 744(40.9) 25(23.6) 1343(42.8) 594(37)
48 Insulin index *%<0.001
49
50 1th 250(13.7) 30(28.3) 435(13.9) 313(19.5)
51 2nd 403(22.1) 28(26.4) 719(22.9) 439(27.4)
g; 3rd 517(28.4) 28(26.4) 955(30.5) 424(26.4)
54 4th 650(35.7) 20(18.9) 1027(32.7) 428(26.7)
55
56
57
58
59 16
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Mean £SD Mean £SD Mean £SD Mean £SD
Age (years) 49.7149.61 55.15+8.85 49.2349.04 52.01+£8.97 **%<0.001
Height (cm) 170.61+£7.00 169.29+6.35 169.78+6.63 170.35+6.33 **%<0.001
Weight (kg) 65.48+7.58 67.76+6.17 82.66+9.94 90.27+11.94 **%<0.001
Waist 82.85+6.95 89.20+5.58 97.82+7.37 105.26+8.33 **%<0.001
circumferenc
e (cm)
Hip 95.58+4.65 96.11+4.09 104.05+5.30 107.11+6.33 **%<0.001
circumferenc
e (cm)
Dietary 56.44+19.27 50.20+9.74 55.38+17.39 53.10+15.33 **%<0.001
insulin index
Dietary 178265.37£91953.8 | 146325.32+68338.3 | 179204.06+88164.4 | 169201.99+8385 | ***<(0.0001
insulin load 8 2 6 7.36
Energy 3109.21+£919.32 2850.34+919.82 3192.65+931.32 3132.97+961.05 **%<0.001
intake (kcal )

; IMETs: the metabolic equivalent of task

*P value: chi-square test ; ** P value :kruskal —-Wallis; *** P value :One Way ANOVA

Table 3: General characteristics of participants stratified by cardiometabolic phenotypes in female participants

Cardiometabolic Phenotype
MHN (n=1128) MUHN (n=134) MHO (n=3734) MUHO(n=3220)
N(%) N(%) N(%) N(%)
Female
Marital *<0.001
status
Not married 184(16.4) 19(14.2) 373(10) 425(13.2)
Married 944(83.7) 115(85.8) 3361(90) 2795(86.8)
Education **<0.001
level
Illiterate 217(19.2) 51(38.1) 646(17.3) 976(30.3)
Primary 381(33.8) 39(29.1) 1589(42.5) 1365(42.4)
school
Diploma 407(36) 36(26.9) 1249(33.5) 770(23.9)
University 123(10.9) 8(6) 250(6.7) 109(3.4)
Physical activity level (METs") **<0.001
Low 354(31.4) 53(39.6) 1183(31.7) 1341(41.6)
Moderate 517(45.8) 59(44) 1732(46.4) 1325(41.1)
High 257(22.7) 22(16.4) 819(21.9) 554(17.2)
17
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Quintiles of **<0.001
wealth index
1 (poorest) 350(30.9) 40(29.9) 897(24) 973(30.2)
2 166(14.8) 22(16.4) 625(16.7) 650(20.2)
3 213(18.8) 30(22.4) 769(20.6) 602(18.7)
4 228(20.2) 21(15.7) 868(23.2) 576(17.9)
5 (richest ) 171(15.2) 21(15.7) 575(15.4) 419(13)
Current Smoking status **0.21
No smoker 1111(98.5) 132(98.5) 3698(99) 3177(98.7)
Ex-Smoker 4(0.4) 2(1.5) 17(0.5) 15(0.5)
Smoker 10(0.9) 0 12(0.3) 17(0.5)
Smoker other | 3(0.3) 0 7(0.2) 11(0.3)
tobacco
products(wate
r pipe,
hookah,
pipe,..)
Secondhand 506(12.3) 69(51.5) 1834(49.1) 1711(53.1) *<0.001
smoking
Alcohol consumption **0.65
No 1121(99.4) 134(100) 3725(99.8) 3209(99.7)
Experiment 6(0.5) 0 6(0.2) 7(0.2)
Limit time 0 0 1(0. 1(0.02)
(for treatment
Ex-drinker 0 0 2(0.1) 1(0.02)
drinker 1(0.1) 0 0 2(0.1)
Insulin load **<0.001
1th 395(35) 74(55.2) 1263(33.8) 1345(41.8)
2nd 327(29) 37(27.6) 1140(30.5) 895(27.8)
3rd 242(21.4) 14(10.4) 832(22.3) 633(19.7)
4th 164(14.5) 9(6.7) 499(13.4) 347(10.8)
Insulin index **<0.001
1th 327(29) 67(50) 1072(28.7) 1211(37.6)
2nd 300(26.6) 28(20.9) 971(26) 833(25.9)
3rd 244(21.6) 31(23.1) 876(23.5) 654(20.3)
4t 257(22.7) 8(6) 815(21.8) 522(16.2)

Mean £SD Mean £SD Mean +SD Mean £SD
Age (years) 47.01+£9.75 55.52+9.21 47.07+£8.49 52.13+8.98 **<0.001
Height (cm) 157.01£6.58 155.63+6.25 156.12+ 155.49+5.94 **<0.001

18
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Weight (kg) 56.02+6.54 57.32+5.89 74.04£10.87 78.23+£11.90 *<0.001
Waist 77.97+6.62 85.63+6.52 92.57+£9.24 100.03+9.03 "*<0.001
circumferenc
e (cm)
Hip 95.16+5.30 94.45+4.84 107.54+8.27 109.04+9.48 *<0.001
circumferenc
e (cm)
Dietary 52.35+£19.40 46.17+8.44 51.78+19.16 49.62+16.96 *<0.001
insulin index
Dietary 124898.66+56090.3 | 101945.79+46619.4 | 126403.94+63741.2 | 118249.36+5858 | ***<0.001
insulin load 2 3 7 5.05
Energy 2381.77+£693.49 2165.50+708.04 2412.56+661.78 2351.92+666.32 **<0.001
intake (kcal )

; IMETs: the metabolic equivalent of task

*P value: chi-square test ; ** P value :kruskal —Wallis; *** P value :One Way ANOVA

Among the four phenotypes, the MUHO phenotype had the highest proportion of
female and married participants. (Table 1). The married participants’ ratio was
significantly higher in both genders. (Tables 2 and 3) Education levels regardless of
gender, and in female participants were lower in the MUHO phenotype group,
(p<0.001) but the education levels in male participants showed no significant
differences. (p< 0.39). Physical activity in both genders was significantly lower in
metabolically unhealthy participants (Both MUHN and MUHO). (p<0.001) Assessing
the quintiles of WSI in all of the participants (Table 1) and female participants (Table
3) showed that the MUHO were mostly among the 1st quintile of WSI. (p<0.001)
whereas in male participants (Table 2), the MUHO phenotype was associated with
higher income. (p<0.001) Interestingly, the mean energy intake of each unhealthy
CMP was lower than the mean energy intake of the corresponding healthy CMP. For
instance, the mean energy intake of MUHN participants was 2850.34+919.82

whereas it was 3109.21£919.32 in MHN participants. Moreover, the frequency of

1
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alcohol consumption and Smoking was significantly higher in MHN participants than

in MUHO participants. (p<0.001) On the other hand, the percentage of secondhand

oNOYTULT D WN =

9 smokers was significantly higher in MUHO participants than in MHN ones, both
regardless and according to their gender. (Tables 1 and 2) (p<0.001) The mean
14 values of Age, BMI, and waist circumference showed incremental trends from being
16 in a healthy phenotype (whether normal weight or obese) to an unhealthy phenotype.
18 (p=0.001) (Tables 1 and 2). Hip circumference was lower in the MHN than in the

MHO and MUHO. (p<0.001)

Relationship between Cardiometabolic Phenotypes and Dietary Insulin Load

26 and Index

29 The frequency of Insulin load and index quartiles showed a significant decrease from
31 the 18t to 4t quartile in metabolically unhealthy participants (Both MUHN and MUHO)

33 (p<0.001).
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Unexpectedly, the mean values of the Dietary Insulin Index and Dietary Insulin Load
39 showed to be higher in metabolically healthy phenotypes than in unhealthy ones,
41 with the MUHN phenotype being the lowest. (p<0.001) In addition, the mean value
43 of energy intake was lower in metabolically unhealthy phenotypes compared to their
corresponding healthy phenotypes, with the MUHN consuming the lowest energy

48 intake. (p<0.001) (Table 1) This trend was seen both regardless of the participants’
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The findings of the unadjusted model indicated that compared to the 15t DIL quartile,

the risks of MUHN and MUHO in the 4t DIL quartile decreased by 0.21 (0.14 - 0.32)

and 0.37 (0.33 — 0.43), respectively (Table 4).

Table4: Association between cardiometabolic phenotype and across quartiles of DIL and DIL scores of Azar

cohort population

Quartiles of DIL Quartiles of DII
1 2 3 4 1 2 3 4
(111?37 (n=3730 | (n=3725) | (3726) (n=3708 | (n=3726) (n=3730) (3728)
) )
Q rang <99828 | 99828.06- 129348.54- >171278.61 <44.43 44.44-48.64 48.65-55.29 >55.30
.05 129348.53 171278.60
Crude
MUHN Refer | 0.54(0.3 | 0.32(0.22 | 0.21(0.14 | Referen | 0.47(0.33- 0.46(0.32- 0.18(0.1
ence 8-0.75) -0.47) -0.32) ce 0.66) 0.64) 1-0.28)
MHO Refer | 0.95(0.8 | 0.83(0.73 | 0.76(0.67 | Referen | 0.91(0.80- 0.92(0.81- 0.77(0.6
ence 3-1.08) -0.95) -0.86) ce 1.04) 1.04) 8-0.88)
MUHO Refer | 0.65(0.5 | 0.50(0.44 | 0.37(0.33 | Referen | 0.68(0.59- 0.53(0.47- 0.39(0.3
ence 7-0.75) -0.57) -0.43) ce 0.77) 0.61) 4-0.45)
MUHN
Model 1 | Refer | 0.66(0.4 | 0.45(0.30 | 0.34(0.22 | Referen | 0.59(0.410. | 0.58(0.41- 0.24(0.1
ence 6-0.93) -0.67) -0.53) ce 84) 0.83) 5-0.37)
Model2 Refer | 061(0.42 | 0.38(0.23 | 0.23(0.12 | Referen | 0.57(0.40- 0.57(0.40- 0.24(0.1
ence -0.90) -0.62) -0.47) ce 0.81) 0.82) 5-0.37)
MHO
Modell Refer | 1.05(0.9 | 1.03(0.90 | 1.04(0.90 | Referen | 0.97(0.85- 1.03(0.90- 0.88(0.7
ence 1-1.20) -1.18) -1.20) ce 1.11) 1.17) 8-1.01)
Model2 Refer | 1.01(0.8 | 0.94(0.80 | 0.85(0.74 | Referen | 0.91(0.80- 0.94(0.82- 0.80(0.7
ence 7-1.16) -1.09) -1.04) ce 1.04) 1.07) 0-0.91)
MUHO
Modell Refer | 0.88(0.7 | 0.85(0.74 | 0.80(0.69 | Referen | 0.86(0.75- 0.74(0.64- 0.57(0.5
ence 6-1.01) -0.99) -0.93) ce 0.99) 0.85) 0-0.66)
Model2 Refer | 0.48(0.3 | 0.65(0.55 | 0.772(0.6 | Referen | 0.77(0.67- 0.64(0.56- 0.48(0.4
ence 8-0.59) -0.76) 6-0.89) ce 0.89) 0.74) 2-0.561)
Male
Crude
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MUHN Refer | 0.54(0.3 | 0.40(0.23 | 0.24(0.13 | Referen | 0.57(0.33- 0.45(0.26- 0.25(0.1
ence 0-0.97) -0.71) -0.43) ce 0.99) 0.77) 4-0.46)

MHO Refer | 1.17(0.9 | 1.18(0.94 | 1.24(1.00 | Referen | 1.02(0.83- 1.06(0.87- 0.90(0.7
ence 2-1.48) -1.48) -1.54) ce 1.24) 1.28) 5-1.09)

MUHO Refer | 0.66(0.5 | 0.70(0.55 | 0.78(0.60 | Referen | 0.86(0.70- 0.65(0.53- 0.52(0.4
ence 2-0.83) -0.90) -1.01) ce 1.07) 0.80) 2-0.64)

MUHN

Model 1 | Refer | 0.56(0.3 | 0.44(0.25 | 0.28(0.15 | Referen | 0.64(0.37- 0.46(0.27(0. | 0.27(0.1
ence 1-1.02) -0.79) -0.52) ce 1.11) 80) 5-0.50)

Model2 Refer | 0.49(0.2 | 0.34(0.17 | 0.17(0.06 | Referen | 0.66(0.38- 0.50(0.29- 0.30(0.1
ence 6-0.92) -0.69) -0.46) ce 1.14) 0.86) 6-0.55)

MHO

Modell Refer | 1.12(0.8 | 1.10(0.88 | 1.16(0.93 | Referen | 0.99(0.81- 1.01(0.84- 0.86(0.7
ence 8-1.42) -1.39) -1.45) ce 1.21) 1.22) 1-1.03)

Model2 Refer | 1.05(0.8 | 0.98(0.76 | 0.93(0.70 | Referen | 0.98(0.80- 0.99(0.81- 0.82(0.6
ence 2-1.35) -1.26) -1.24) ce 1.19) 1.20) 8-1)

MUHO

Modell Refer | 0.78(0.6 | 0.72(0.56 | 0.70(0.55 | Referen | 0.89(0.72- 0.65(0.53- 0.53(0.4
ence 0-1.01) -0.92) -0.89) ce 1.11) 0.81) 3-0.65)

Model2 Refer | 0.68(0.5 | 0.55(0.42 | 0.41(0.30 | Referen | 0.89(0.71- 0.64(0.52- 0.51(0.4
ence 2-0.89) -0.73) -0.57) ce 1.11) 0.80) 1-0.63)

Female

Crude

MUHN Refer | 0.60(0.3 | 0.31(0.17 | 0.29(0.14 | Referen | 0.45(0.28- 0.62((0.39- 0.15(0.0
ence 9-0.92) -0.56) -0.60) ce 0.72) 0.98) 7-0.32)

MHO Refer | 1.09(0.9 | 1.08(0.90 | 0.95(0.77 | Referen | 0.98(0.82- 1.09(0.91- 0.97(0.8
ence 2-1.29) -1.30) -1.18) ce 1.17) 1.32) 0-1.17)

MUHO Refer | 0.80(0.6 | 0.77(0.64 | 0.62(0.50 | Referen | 0.74(0.62- 0.72(0.60- 0.55(0.4
ence 8-0.95) -0.93) -0.77) ce 0.89) 0.87) 5-0.66)

MUHN

Model 1 | Refer | 0.77(0.5 | 0.43(0.23 | 0.42(0.20 | Referen | 0.55(0.34- 0.78(0.49- 0.18(0.0
ence 0-1.18) -0.78) -0.88) ce 0.89) 1.25) 8-0.39)

Model2 Refer | 0.66(0.4 | 0.33(0.15 | 0.29(0.11 | Referen | 0.57(0.35- 0.82(0.51- 0.19(0.0
ence 0-1.10) -0.70) -0.78) ce 0.92) 1.31) 9-0.41)

MHO

Modell Refer | 1.06(0.9 | 1.06(0.88 | 0.95(0.6- | Referen | 0.96(0.808- | 1.07(0.89- 0.95(0.7
ence 0-1.26) -1.28) 1.17) ce 1.15) 1.30) 8-1.14)

Model2 Refer | 0.98(0.8 | 0.92(0.73 | 0.77(0.57 | Referen | 0.95(0.8- 1.06(0.88- 0.93(0.7
ence 1-1.19) -1.18) -1.05) ce 1.14) 1.29) 7-1.13)

MUHO
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Modell | Refer | 0.95(0.8 | 0.96(0.79 | 0.81(0.64 | Referen | 0.84(0.70- | 0.84(0.69- | 0.62(0.5
ence | 0-1.13) |-1.17) -1..01) ce 1.01) 1.02) 1-0.76)
Model2 | Refer | 0.78(0.6 | 0.67(0.52 | 0.47(0.34 | Referen | 0.83(0.69- | 0.83(0.68- | 0.60(0.4
ence | 4-0.95) | -0.86) -0.66) ce 1.00) 1.01) 9-0.74)

MHL was considered as a reference group; Model 1: adjusted for age, gender, education level, WSI; Model 2
adjusted for age, gender, MET, Energy intake. Adjusted for gender where appropriate

After adjustment for different intervening factors (ie age, gender, education, MET,
and Energy intake), a strong negative correlation was observed between DIL with
MUHN and MUHO. But there were no significant correlations between DIL with MHO
after the adjustments. (Table 4). The aforementioned negative correlation was more
obvious in the 4t DIL quartile. In Model 2, the observed odds ratio for MUHN was
0.61 (0.42 — 0.90) in the 2" DIL quartile, while it was 0.23 (0.12 — 0.47) in the 4" DIL

quartile. (Table 4).

The findings of the unadjusted model for the DIl quartiles indicated that compared to
the 1st DIl quartile, the risks of MUHN and MUHO in the 4t DIl quartile decreased
by 0.18 (0.11 - 0.28) and 0.39 (0.34 — 0.45), respectively (Table 4). After adjustment
for the same intervening factors as DIL quartiles, a strong negative correlation was
observed between DIl with MUHN and MUHO. But there was no significant
correlation between DIl with MHO after the adjustments. (Table 4). The
aforementioned negative correlations were more obvious in the 4t DIl quartile. In
Models 1 and 2, the observed odds ratio for MUHN were 0.59 (0.41 — 0.84) and
0.57(0.40-0.81) respectively in the 2 DIl quartile, while they were both 0.24 (0.15 —

0.37) in the 4" DIl quartile. (Table 4).
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1 Z
2 g
3 g
g These models were also run for both male and female participants separately. The =
6 2
7 results in both genders were overall the same as all participants combined. S
S =
9 : : &
10 Discussion S
1 S B
12 8 &
13 This cross-sectional study looked into the association between DIl and DIL with 3 §
14 2 3
12 different CMPs. The findings indicated that there was a significant negative S 3
< S

17 , g
18 correlation between DIl and DIL and MUHN and MUHO phenotypes both before and % %
19 s 8
20 after considering confounding variables. Our findings demonstrated no significant < %
21 s 3
;g correlation between DIL and DIl and MHO. The prevalence of chronic conditions 2" %
ms

;‘; such as MetS has increased in recent years. (2)(26) Previous studies indicate a 3 §‘E
)

26 SS R
27 significant positive association between insulin resistance and unhealthy ig g
28 592
29 cardiometabolic status. (27) One of the main causes of insulin resistance is the §<Cn§
30 =] o
£292

g; tendency towards diets with high insulinemic capability. (23)(28) Thus, it is of great gg'i
o = O

33 5353
34 importance to establish a reliable index to demonstrate the insulinemic potential of ;ﬁg
35 202
36 individuals’ diets. Since DIl and DIL directly depend on insulin response to food, i' g
37 > 2
gg there has been an increase in attention to these two in evaluating the 5 3
= o

2 3

40 . . . . . . @ =
41 aforementioned potential. (12)(23) By measuring these two indices in different » 9
42 e 3
43 populations, we can search for an association between these two and different 3 S
44 5 <
jg CMPs and deduce whether we can use DIl and DIL to predict the odds of unhealthy g °
> >

j; CMPs or not. To the best of our knowledge, this is the first study trying to answer é §
49 o 2
50 this question and evaluate this association in different CMPs. In our study, there was 2
51 o)
52 a correlation between unhealthy CMPs and lower DIL and DIl values. In addition, o
53 =
gg high DIL and DIl were associated with lower odds of unhealthy CMPs. (both MUHN g
56 §
57 g
58 °
59 24 i
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and MUHO). The trend of odds ratio in metabolically healthy phenotypes was not

significant. We can conclude these findings in two different parts.

First, the correlation between lower DIL and DIl with unhealthy CMPs can be justified
by the fact that the mean energy intake in unhealthy phenotypes was lower than in
healthy phenotypes. This finding suggests that the participants with unhealthy
phenotypes restricted their energy intake and possibly lowered the insulinemic
potential of their diet (ie lowered their DIl and DIL) to lose weight and modify their
lifestyle behavior. Additionally, our findings demonstrate that alcohol consumption
and smoking were also lower in metabolically unhealthy phenotypes. This supports
the speculation that participants with unhealthy phenotypes were following a lifestyle
modification plan in diet, smoking, and alcohol consumption. This modification could
be the reason for lower DIl and DIL in unhealthy phenotypes. Therefore, we suggest
that measuring DIl and DIL cannot be a reliable index for predicting the CMP and
the risk of developing chronic diseases. Further studies are needed to take recent
lifestyle modifications into account and determine the associations between DIl and
DIL with CMPs in participants who have not had a recent lifestyle modification,

specifically modifications in their diets.

Secondly, the insignificant trend of odds ratio in metabolically healthy phenotypes
suggests that insulin resistance may not be easily assessed and predicted by simply
measuring indices such as DIl and DIL since insulin secretion depends on different

components including the participant’s diet, neural, and hormonal activity. (29)

2
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1 =
; :
g In line with our findings, Karimbeiki et al demonstrated that a higher insulinemic %
? effect of diet was not associated with higher rates of obesity. (30) Another study by %
:;O Anjom-Shojaei et al showed that a high DIl of diet was not associated with obesity %
:; in men, although it was associated with obesity in women. (16) A cross-sectional g E
12 study on 262 participants of the Dortmund Nutritional and Anthropometric Eﬁ %
12 Longitudinally Designed Study demonstrated that a higher DIl and DIL were é 7;
3 N

ig associated with higher body fat percentage, but not higher BMI. (31) On the other 2 §
;? hand, a cross-sectional study conducted on 203 overweight/obese adolescents § %
@ o

§§ showed that a diet with higher DIl and DIL was associated with higher odds of being gmg
gg in the MUHO group. (32) A cross-sectional study on the Shahidieh cohort ggé
3573 demonstrated that a higher DIl was associated with higher odds of MetS in women, %g g
§§ but no such association was seen in men. (26) moreover, a clinical trial with a %%g
200

% Mediterranean diet style was associated with healthier CMPs, lower body weight, ;gg
2‘5‘ lower BMI and fat mass, and lower blood glucose and lipids in children and %E;ﬁ:
g? adolescents with obesity. (33) Approving the aforementioned study, a cross- ;;g
;E sectional study on 137 European overweight and obese participants in their puberty, gi §
j; showed that a Mediterranean diet was associated with a lower risk of MUHO % g
ji phenotype. (34) Another cross-sectional study involving both overweight and g i
22 normal-weight Turkish children has demonstrated that breakfast and dinner with % %
N

i% higher DIl and DIL were associated with a higher odds ratio of being overweight. (35) % g
g? Two other studies were investigating the correlation between DIl and DIL with | §
§§ diabetes, and cardiovascular disease respectively. The first study concluded that a %
gg higher DIl and DIL of the diet were associated with a higher risk of diabetes, and DIL §
:
58 °
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was a better predictor for diabetes compared to DIl. (36) The other study
demonstrated that DIl and DIL were not associated with the risk of CVD,(37) which
is in line with our findings. In the current study, we demonstrated that DIl and DIL
were strongly correlated with a decreased odds ratio of MUHN and MUHO and that

there was no significant correlation between DIL and DII, and MHO.

Previous studies suggest several mechanisms for the correlation between DIl and
DIL with unhealthy CMPs. Insulin secretion can be a result of highly insulinemic
diets, which in turn, increases the oxidation of carbohydrates and decreases the
oxidation of lipids. Therefore, these diets can cause a surplus in abdominal fat
storage, and increase the risk of obesity and unhealthy CMPs. (32) Moreover, high
insulinemic diets potentially cause faster carbohydrate digestion and absorption, and
higher blood glucose and insulin levels. They also cause a faster drop in post-
prandial blood glucose levels after the surge. (38)(39) This sudden drop in blood
glucose can reduce satiety and cause a high-calorie intake of food, resulting in
abdominal obesity and unhealthy CMPs. (38)(39) Additionally, High DIl and DIL are

associated with a higher incidence of insulin resistance and diabetes. (36)(40)

Our study had several strengths. The associations between DIl and DIL with four
different CMPs were studied for the first time, and these CMPs were organized
based on the presence or absence of obesity, and the presence or absence of MetS.
This model helped assess the data in a more organized pattern. In addition, the
effect of confounding factors was also taken into account while analyzing the data.

Another strength of this study was its large population. Our study was conducted on

27
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g just less than 15000 participants. Nevertheless, there were some limitations during %
? the conduction of this study which should be taken into consideration while %
:;O evaluating the results. Since this was a cross-sectional study, we could not establish %
- B
:; a cause-and-effect correlation and more prospective studies are needed to establish % E
12 and assert such causality. Another limitation was recall bias. The most frequently Ei %
12 used tool to assess the dietary habits of participants in epidemiological studies is the é %
3 N
ig FFQ, however there is always a recall bias when using this tool. Even though the § §
;? data were analyzed with the confounding factors taken into account, still some § %
@ o
§§ confounding factors including dietary habits, psychological factors, parental obesity, gmg
gg and family history of cardiometabolic diseases were not assessed. We suggest two ggé
=E
;; possible reasons for our observations. First, despite the presumed belief that %%g
§§ increased insulin secretion is correlated with increased rates of different metabolic g% g
% abnormalities, genetic data, as opposed to epidemiological data, propose this ;gg
&
2‘5‘ correlation to be overrated. Elevated insulin secretion could even be beneficial. ggé‘;
g? (41)(42) Secondly, considering our findings demonstrated that participants with eg :g’
;E unhealthy CMPs had lower energy intake and alcohol consumption, and a lower gi §
j; smoking rate, it is presumable that some may have changed their lifestyle behavior. % g
ji This presumed lifestyle behavior change can be the main reason for DIl and DIL g i
22 being associated with a lower odds ratio of unhealthy CMPs. This finding highlights % E
3 N
i% the importance of considering recent lifestyle behavior change as a confounding cg g
g? factor and further studies are needed to evaluate the association between DIl and | §
§§ DIL with different CMPs in participants with no recent lifestyle behavior change or %
gg evaluate this association while taking the aforementioned confounding factors into §
;
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account. Moreover, further studies can observe participants with healthy CMPs and
look into possible eventual shifts to unhealthy CMPs. Genetic factors can also be

studied to evaluate the correlation between elevated insulin secretion and CMPs.
Conclusion

This current cross-sectional study demonstrated that DIl and DIL were strongly
correlated with a decreased odds ratio of MUHN and MUHO and that there was no
significant correlation between DIL and DIl and MHO. As mentioned before, we
speculate that a lower energy intake in participants with unhealthy cardiometabolic
phenotypes, as a result of lifestyle behavior change, was the main reason for this
observation. Further studies, specifically with a prospective design, are required to
confirm this speculation by assessing the correlation between DIl and DIL with
different CMPs in participants who have not experienced a recent lifestyle behavior

change.
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ABSTRACT

Objectives:

Hyperinsulinemia and insulin resistance are proposed as contributors to the
incidence of cardiometabolic phenotypes (CMPs) with unhealthy metabolic status.
This study analyzed the association between dietary insulin load (DIL) and dietary

insulin index (DII) with CMPs in the AZAR cohort population.

Design:

This study was a cross-sectional analysis of the AZAR cohort study, beginning in

2014 and continuing to this date.

Setting:

AZAR cohort is a part of an Iranian screening program named the Persian cohort

and involves participants living in the Shabestar region, Iran for at least 9 months.

Participants:

A total of 15006 participants agreed to partake in the study. We excluded participants
with missing data (N=15), daily energy intake lower than 800 kcal (N=7) or higher

than 8000 kcal (N=17), and cancer (N=85). Finally, 14882 individuals remained.

Primary and secondary outcome measures:

The gathered information included the participants’' demographic, dietary,

anthropometric, and physical activity data.
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9 and DIl were greater in metabolically healthy participants than in unhealthy ones %
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46 more organized fashion. 8 w
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Introduction

The World Health Organization (WHO) has reported that over 600 million adults
worldwide are obese (1) Obesity is closely associated with Metabolic Syndrome
(MetS), which has increased the global burden of cardiovascular diseases. The
prevalence and incidence of MetS have significantly increased in the past two
decades. (2) MetS represents a collection of different metabolic abnormalities. MetS
is a pathophysiological, asymptomatic condition characterized by obesity, insulin
resistance, hypertension, glycemic abnormalities, and dyslipidemia(3). Although
various criteria and definitions have been proposed to describe MetS(3), it is
generally agreed that a combination of three or more of the following constituents
should be present: Hypertension, elevated fasting blood glucose, elevated
triglycerides, low HDL cholesterol, and large waist circumference. The incidence of
MetS usually correlates with the incidence of obesity. The prevalence of MetS has

doubled in 73 countries and has notably increased in others since 1980. (4)

Although abdominal obesity is one of the criteria for MetS, it should be noted that
MetS doesn’t always equal obesity. In fact, some other interesting phenotypes have
recently been seen more often. For instance, some obese individuals do not meet
the criteria for MetS. They are called the Metabolically Healthy Obese (MHO). (5)
Conversely, some non-obese individuals do fulfill the criteria for MetS. They are
called the Metabolically Unhealthy Normal Weight (MUHN) or the Metabolically
Obese Normal Weight. (6)(7)(8)(9) This calls for classifying individuals into four

different cardiometabolic phenotypes (CMPs) groups and assessing different
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metabolic factors based on four phenotypes; obese individuals who fulfill MetS

criteria, called the Metabolically Unhealthy Obese (MUHO), obese individuals who

oNOYTULT D WN =

9 do not fulfill MetS criteria, called the MHO, normal weight individuals who fulfill MetS
criteria, called the MUHN, and normal weight individuals who do not fulfill MetS

14 criteria, called the Metabolically Healthy Normal Weight (MHN).

17 Previous studies have shown a strong relationship between cardiometabolic status
19 and insulin resistance. (10)(11) Assessing the effect of individuals' diets on weight
21 gain, hyperlipidemia, and type 2 diabetes requires measuring the ability of foods to
induce postprandial insulin secretion. (12) Hence, it is essential to quantify the
26 capability of individuals’ diets to induce postprandial insulin secretion. A diet with a
28 high glycemic index (Gl) and high Glycemic Load (GL) can increase postprandial
insulin secretion, leading to obesity and diabetes. (13)(14) However, these two

33 Indices solely measure the effect of carbohydrates in this regard. In addition to
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35 carbohydrates, proteins and lipids also increase postprandial insulin secretion.
37 Moreover, proteins enhance the effect of carbohydrates on insulin secretion. This
40 suggests that the amount of carbohydrates in a diet is not accurately proportional to
42 postprandial insulin secretion. (15) As a result, a food Insulin Index (ll) and Dietary
44 Insulin Load (DIL) have been suggested. (13) (15)(16) The Il can directly quantify

the postprandial insulin response to a test food compared to an isoenergetic portion

N
O
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49 of a reference food. (12)(15) DIL can be calculated for each individual using Il and

51 the energy content of each food they consume. (17) since Il and DIL are directly
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based on insulin response, they are more satisfactory to evaluate hypotheses that

connect insulin exposure to cardiometabolic diseases compared to Gl and GL.(12)

Although some studies have assessed the relation between insulin exposure of diets
with MetS and obesity, to the best of our knowledge, no studies have ever structured
and grouped individuals into different CMP classifications and assessed the relation
between the insulinemic potential of their diets according to their CMP. Therefore, in
this study, we try to investigate the association between Il and DIL with CMP in the

AZAR cohort population.

Materials and Methods

Study design and participants

AZAR cohort is a prospective population-based study(18) in Iran and a part of a
national screening program named prospective epidemiological research studies in
Iran (Persian cohort). (19)(20) The study's main goal is to investigate the major non-
communicable diseases risk factors, including cardiovascular, pulmonary, and renal
diseases, diabetes, and cancer. The AZAR cohort started in October 2014 and is
still in progress in East- Azarbaijan province in Northwestern Iran. The study includes
up to 15000 individuals aged between 35-70 years who have lived in the Shabestar
region for at least nine months. Subjects with severe psychiatric or physical illnesses
and pregnant women were excluded from the study. This study is explained in

greater detail in other studies. (18)(19)(20)
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vs)
1 Z
2 @)
3 3
g Our cross-sectional study was conducted on the AZAR cohort population. A total =
6 2
7 number of 15006 individuals agreed to participate. We excluded individuals with S
S =
9 missing data (N=15). Additionally, individuals with a daily energy intake lower than %
10 T »
:; 800 kcal (N=7) or higher than 8000 kcal (N=17) were also excluded, as well as those % E
7 o
12 who had cancer (N=85). Finally, 14882 individuals remained. The information ; %
15 s 2
16 collected included demographic, dietary, anthropometric, and activity data of the é E
17 & 3
B participants. All participants filled out a written informed consent form before the ; E
O (o2}
c (o]
;? study. The Bioethics Committee of Tabriz University of Medical Sciences, Tabriz, 2. §
« o
22 - 5
23 Iran, approved the study. (Ethics Number: IR.TBZMED.REC.1401.414) E >
24 LR
25 N
26 The socioeconomic status of the participants was evaluated by the Wealth Score g%g
27 g3o
28 Index (WSI), calculated by Multiple Correspondence Analysis (MCA). Each 85%
29 cwns
X c
2(1) participant's WSI was determined by assessing their possession of different gg%
g
32 €3
33 permanent property (eg TV, dishwasher, and car), their residence’s conditions (eg §$§
34 3ma2
35 type of ownership, the number of rooms), and levels of education. Participants were 222
36 @ - g
;73 divided into five WSI quintiles, ranging from the lowest to the highest (1st to 5th E ;%
p 2
ig quintile, respectively). The participants' dietary intake was assessed using a food é _5
41 2 8
42 frequency questionnaire (FFQ), which they were asked to complete. The FFQ was o g
43 3 3
2‘5‘ designed as a semi-quantitative, interviewer-administered questionnaire with 130 2 c
® ®
o
j? items, enquiring about participants' usual intake of each food item over the past year. g g
48 a N
49 Participants reported their daily, weekly, monthly, or yearly use of each item, as well 2 &UJ
50 &
51 as the portion consumed each time, based on portion sizes applicable to each item. %
52 o
v}
gi Actual dishes, cups, and utensils, as well as several portion size models, were S
o
55 S
56 {’%’
57 g
58 °
59 8 i
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shown to participants for a more precise portion size estimation. In addition, a 64-
picture album (21) including standard portions of bread, fruits, and vegetables, was
used whenever needed. We used Metabolic Equivalent of Task (MET) as a criterion
for measuring physical activity levels. MET shows the amount of energy consumed
by each person based on their weight. For instance, one MET is the amount of
oxygen consumed per kilogram of body weight per minute by each resting person,
that is 3.5 ml of oxygen. And therefore, four MET equals 14 milliliters of oxygen used
per kilogram of body weight per minute. We measured the activity levels of each

participant by using this criterion.

Smokers were defined as participants who continuously smoked at least one
cigarette per day for more than six months. Ex-smokers were considered as
participants who had stopped smoking at least a year before, and non-smokers were
considered as participants who had never smoked. Other tobacco smokers were
considered as participants who smoked other tobacco products. Participants were
divided into three categories based on their alcohol consumption; non-drinkers
(participants who had never consumed alcohol), experienced/ex-drinkers
(participants who had previously consumed alcohol but had stopped), and drinkers

(participants who regularly consumed alcohol).

Patient and public involvement

Patients and/or the public were not involved in the design, conduct, reporting, or

dissemination plans of this research.
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v9)
1 Z
; :
g Biochemical measurements 3
6 2
; Blood samples were collected from every individual after an overnight fast of 12 %
(9]
9 o
10 hours. Fasting blood sugar (FBS), serum triglyceride (TG), and high-density v B
11 S o
12 lipoprotein (HDL) were determined using a commercial kit (Pars Azmoon, Tehran). % B
13 a 9
14 g 3
. (19) E 3
16 z 3
1; Anthropometric measurements ‘g §
- N
19 3 3
;‘1) We used a mounted tape for measuring the height to the nearest 1 mm. Weight was s §
5 ™
« o
;g measured with light clothing and without using shoes with a Seca scale to the S o
c =z
24 AL
25 nearest 0.1 kg. Body Mass Index (BMI) was calculated by dividing weight (kg) by the % g_é
26 55 R
27 square of height (m) and presented as kg/ m2. The waist circumference (WC) was 8% 9
28 =
;g measured according to NIH guidelines. Female individuals with WC =88 cm and gé’g
Y

31 S 3
32 male individuals with WC of = 102 cm were considered abdominally obese. (22) Zg %
33 533
34 3ma2
35 Blood pressure measurements 20%
36 &; =
37 > 2
38 The blood pressure was measured two times in each arm in the sitting position and 5 %
39 g o
40 according to Persian cohort protocol. (19) The individuals rested for ten minutes a 2
4 2 3
3
fé between each measurement. The blood pressure of every individual was calculated g o
jg as the average of the two measurements in each arm. n:; 5
46 EE
j; Cardiometabolic phenotypes and Metabolic syndrome definition § §
49 g =
’ >
g? We defined Mets according to the National Cholesterol Education Program’s Adult E
52 @
53 Treatment Panel Ill report (ATPIII) criteria. (4) According to these criteria, MetS is 2
54 S
55 defined by the presence of three or more of the followings: Fasting blood glucose S
56 =
57 3
58 °
59 10 °
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=100 mg/dl or drug treatment for elevated blood glucose; HDL cholesterol less than
40 mg/dl in men or less than 50 mg/dl in women or drug treatment for low HDL; blood
triglycerides =150 mg/dl or drug treatment for elevated triglycerides; waist
circumference greater than 102 cm in men or greater than 88 cm in women; systolic
blood pressure =130 and/or diastolic blood pressure 285 mmHg or antihypertensive

drug treatment in a patient with a history of hypertension.

We considered the cut-off point for Body Mass Index (BMI) to be 25 kg/m? for

overweight and obese participants. (23)

In this study, we categorized the subjects into four CMPs based on their BMI and

the presence of MetS. The categories include:

1. Obese individuals who fulfill MetS criteria, called the MUHO
2. Obese individuals who do not fulfill MetS criteria, called the MHO
3. Normal-weight individuals who fulfill MetS criteria, called the MUHN

4. Normal-weight individuals who do not fulfill MetS criteria, called the MHN
Measuring DIl and DIL

The Food Insulin Index (Fll) is a measure of the area under the curve of increasing
insulin over 2 hours after consumption of a 1000-kJ (239 kcal) portion of a test food,
divided by the area under the curve after consumption of a 1000-kJ (239 kcal) portion
of a reference food. The insulin index for 68 food items was collected from studies
by Holt et al (15), Bao et al (24), and Bell et al (25). Salt, tea, and coffee

were considered to have an insulin index of zero due to their low carbohydrate,

11
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protein, fat, and energy content. For the remaining 49 food items that were not

included in the food lists of the aforementioned studies, the Fll of similar food items

oNOYTULT D WN =

9 was used taking into account the similarity of their energy, carbohydrate, protein, fat,
and fiber content. For example, since both dates and raisins are dried fruits and have
14 comparable nutritional content, the insulin index of raisins was used for dates. To
16 calculate DIL, the insulin load of each food was determined using the following
18 formula: Insulin load of a given food = insulin index of that food *x energy content per
1 g of that food x amount of that food consumed (g/d). By summing up the insulin
23 load of each food, DIL was obtained for each participant. DIl for each participant was

25 then determined by dividing DIL by total energy intake.
28 Statistical analysis

31 Data analysis was performed using the Statistical Package for the Social Sciences

(SPSS, version 11.5, Chicago, IL). Descriptive statistics were obtained for all study
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36 variables and reported as mean + SD, as well as number (percentage) where
38 applicable. The x2 test was used to compare nominal qualitative variables in different
40 cardiometabolic groups and the Kruskal-Wallis test was used for comparing ordinal
qualitative variables in different cardiometabolic groups. A one-way ANOVA test was
45 used to compare mean values amongst different cardiometabolic groups.

47 Multinomial logistic regression analysis was used to estimate crude and adjusted

N
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odds ratios (OR) and their corresponding 95% confidence intervals (95% Cls). Mets
52 components  (hypertension, high FBS, Hypo-HDL, cholesterolemia,

54 hypertriglyceridemia, and abdominal obesity), Insulin Index, and Dietary Insulin Load

59 12
60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

were considered independent variables. Each variable was introduced in the model
one by one, and the effect of confounding factors (age, gender, educational level,
marital status, current smoking status, and frame size) was adjusted. The MHN
group was considered as the reference group. Statistical significance was

considered at a P value <0.05.

the STROBE cross-sectional checklist was used when writing our report (26).(26)

Results

Participants’ characteristics

Table 1 presents the baseline characteristics of participants according to their
cardiometabolic phenotypes (CMPs), while Tables 2 and 3 present the same

characteristics for both genders.

Tablel: General characteristics of participants stratified by cardiometabolic phenotypes

Cardiometabolic Phenotype P value
MHN(n=2948) MUHN(n=240) MHO(n=6870) MUHO(n=4824)
N(%) N(%) N(%) N(%)
Gender *<0.001
Male 1820(61.7) 106(44.2) 3136(45.6) 1604(33.3)
Female 1128(38.3) 134(55.8) 3734(54.4) 3220(66.7)
Marital status *<0.001
Not married 218(7.4) 20(8.3) 401(5.8) 44109.1)
Married 2730(92.6) 220(91.7) 6469(94.2) 4383(90.9)
Education **<0.001
level
Illiterate 387(13.1) 60(25) 898(13.1) 1128(23.4)
Primary school 1040(35.3) 73(30.4) 2747(40) 1956(40.5)
Diploma 1180(40) 87(36.3) 2562(37.3) 1451(30.1)
13
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he]
®
=
University 341(11.6) 20(8.3) 663(9.7) 289(6) =
n
Physical activity level (METs") *%<0.001 -S
c
Low 816(27.7) 88(36.7) 2110(30.7) 1958(40.6) %
>
Moderate 851(28.9) 83(34.6) 2353(34.3) 1665(34.5) 5
)
High 1281(43.5) 69(28.7) 2407(35) 1201(24.9) @
S 5
Quintiles of wealth index **<0.001 ®
Q Bk
w
1 (poorest) 758(25.7) 51(21.3) 1402(20.4) 1232(25.5) g (o2
o O
2 470(15.9) 39(16.3) 1097(43.6) 909(18.8) ‘: %.
o -
3 564(19.1) 62(25.8) 1452(21.1) 949(19.7) 2 e
4 597(20.3) 37(15.4) 1570(22.9) 902(18.7) ‘% §
- N
5 (richest ) 559(19) 51(21.3) 1349(19.6) 832(17.2) g g
= o
Current Smoking status **<0.001 S 8
5
No smoker 1930(65.5) 176(73.3) 5276(76.8) 3922(81.3) ‘i g
o
= N
Ex-Smoker 238(8.1) 17(7.1) 608(8.9) 373(7.7) c =
n My
Smoker 727(24.7) 44(18.3) 843(12.3) 451(9.3) ? QE
323
Smokers of 53(1.8) 3(1.3) 143(2.1) 78(1.6) g‘% %
other tobacco o CBD o
products(water e g
: S
pipe, hookah, 2 =1
pipe...) g_(gf) 8
Secondhand 1256(42.6) 104(43.3) 3205(46.7) 2433(50.4) *<0.001 20 %
smoking 23 i
oS =
Alcohol consumption *#%<0.001 o~ g
Q> >
No 2561(86.9) 216(90) 6247((90.9) 4452(92.3) 3 % =
SnT
Experiment 296(10) 17(7.1) 482(7) 276(5.7) ,:g . g
Limit time (for 3(0.1) 0 7(0.1) 6(0.1) > )
treatment = 9
o 3
Ex-drinker 9(0.3) 0 24(0.3) 8(0.2) g 5‘
Q 2
drinker 79(2.7) 7(2.9) 110(1.6) 82(1.7) © g
5
Insulin load **<0.001 : i
= O
1th 561(19) 97(40.4) 1503(21.9) 1545(32) % Z.
c
2nd 685(23.2) 64(26.7) 1747(25.4) 1233(25.6) T g
o
3rd 794(26.9) 45(18.8) 1778(25.9) 1105(22.9) 3 »
o N
= O
4t 908(30.8) 34(14.2) 1842(26.8) 941(19.5) (8 N
o o
Insulin index **<(.001 » ';
Q@
1th 577(19.6) 97(40.4) 1507(21.9) 1524(31.6) o
)
2nd 703(23.8) 56(23.3) 1690(24.6) 1272(26.4) %
3rd 761(25.8) 59(24.6) 1831(26.7) 1078(22.3) =
8
)
o
=
o
c
®
o
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4th 907(30.7) 28(11.7) 1842(26.8) 950(19.7)
Mean +SD Mean £SD Mean £SD Mean £SD
Age (years) 48.68+9.75 55.36+9.03 48.06+8.81 52.09+8.98 ***<0.001
Height (cm) 165.4049.51 161.66+9.26 162.36+9.29 160.43+£9.27 **<0.001
Weight (kg) 61.86+8.54 61.93+7.94 77.98+11.30 82.23+13.19 **<0.001
Waist 80.98+7.22 87.21+6.36 94.97+8.83 101.77+£9.14 **<0.001
circumference
(cm)
Hip 95.42+4.86 95.19+4.59 105.94+7.28 108.40+8.61 **<0.001
circumference
(cm)
Dietary 54.89+19.43 47.95+9.24 53.42+18.46 50.78+16.52 **<0.001
insulin index
Dietary 157907.354+84258.16 | 121546.75+61228. | 150506.01+80295.64 | 135191.32+72140.76 *<0.001
insulin load 21
Energy intake 2831.29+911.44 2476.97+875.68 2768.65+885.93 2611.62+859.49 **<0.001
(kcal)

; IMETs: the metabolic equivalent of task

*P value: chi-square test ; ** P value :kruskal —Wallis; *** P value :One Way ANOVA

Table 2: General characteristics of participants stratified by cardiometabolic phenotypes in male participants

Cardiometabolic Phenotype

MHN (n=1820) MUHN (n=106) MHO (n=3136) MUHO(n=1604) | P value
N(%) N(%) N(%) N(%)

Male

Marital *0.01

status

Not married 34(1.9) 1(0.9) 28(0.9) 16(1)

Married 1786(98.1) 105(99.1) 3108(99.1) 1588(99)

Education **0.39

level

Illiterate 170(9.3) 9(8.5) 252(8) 152(9.5)

Primary 659(36.2) 34(32.1) 1158(36.9) 591(36.8)

school

Diploma 773(42.5) 51(48.1) 1313(41.9) 681(42.5)

University 218(12) 12(11.3) 413(13.2) 180(11.2)
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1
2
3
4 Physical activity level (METs") **<0,001
5
6 Low 462(25.4) 35(33) 927(29.6) 617(38.5)
7 Moderate 334(18.4) 24(22.6) 621(19.8) 340(21.2)
2 High 1024(56.3) 47(44.3) 1588(50.6) 647(40.3)
10 Quintiles of wealth index **<0.001
1; 1 (poorest) 408(22.4) 11(10.4) 505(16.1) 259(16.1)
13 2 304(16.7) 17(16) 472(15.1) 259(16.1)
14 3 351(19.3) 32(30.2) 683(21.8) 347(21.6)
1
1 2 4 369(20.3) 16(15.1) 702(22.4) 326(20.3)
17 5 (richest) 388(21.3) 30(28.3) 774(24.7) 413(25.7)
12 Current Smoking status **<0.001
20 No smoker 819(45) 44(41.5) 1578(50.3) 745(46.4)
21 Ex-Smoker 234(12.8) 15(14.2) 591(18.8) 358(22.3)
22
23 Smoker 717(39.4) 44(41.5) 831(26.5) 434(27.1)
24 Smokers of 50(2.7) 3(2.8) 136(4.3) 67(4.2)
25 other tobacco
26 products(wate
T pipe,
27 hookah,
;g pipe,..)
30 Secondhand | 750(41.2) 35(33) 1371(43.7) 722(45) *0.02
31 smoking
32 Alcohol consumption **(.3
gi No 1440(79.1) 82(77.4) 2552(80.4) 1243(77.5)
35 Experiment 290(15.9) 17(16) 476(15.2) 269(16.8)
36 Limit time 3(0.2) 0 6(0.2) 5(0.3)
37 (for treatment
gg Ex-drinker 9(0.5) 0 22(0.7) 7(0.4)
40 drinker 78(4.3) 7(6.6) 110(3.5) 80(29.1)
41 Insulin load **<0.001
42
43 Ith 166(9.1) 23(21.7) 240(7.7) 200(12.5)
44 2nd 358(19.6) 27(25.5) 607(19.4) 338(21.1)
45 3d 552(30.3) 31(29.2) 946(30.2) 472(29.4)
46
47 4th 744(40.9) 25(23.6) 1343(42.8) 594(37)
48 Insulin index *%<0.001
49
50 1th 250(13.7) 30(28.3) 435(13.9) 313(19.5)
51 2nd 403(22.1) 28(26.4) 719(22.9) 439(27.4)
g; 3rd 517(28.4) 28(26.4) 955(30.5) 424(26.4)
54 4th 650(35.7) 20(18.9) 1027(32.7) 428(26.7)
55
56
57
58
59 16
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Mean £SD Mean £SD Mean £SD Mean £SD
Age (years) 49.7149.61 55.15+8.85 49.2349.04 52.01+£8.97 **%<0.001
Height (cm) 170.61+£7.00 169.29+6.35 169.78+6.63 170.35+6.33 **%<0.001
Weight (kg) 65.48+7.58 67.76+6.17 82.66+9.94 90.27+11.94 **%<0.001
Waist 82.85+6.95 89.20+5.58 97.82+7.37 105.26+8.33 **%<0.001
circumferenc
e (cm)
Hip 95.58+4.65 96.11+4.09 104.05+5.30 107.11+6.33 **%<0.001
circumferenc
e (cm)
Dietary 56.44+19.27 50.20+9.74 55.38+17.39 53.10+15.33 **%<0.001
insulin index
Dietary 178265.37£91953.8 | 146325.32+68338.3 | 179204.06+88164.4 | 169201.99+8385 | ***<(0.0001
insulin load 8 2 6 7.36
Energy 3109.21+£919.32 2850.34+919.82 3192.65+931.32 3132.97+961.05 **%<0.001
intake (kcal )

; IMETs: the metabolic equivalent of task

*P value: chi-square test ; ** P value :kruskal —-Wallis; *** P value :One Way ANOVA

Table 3: General characteristics of participants stratified by cardiometabolic phenotypes in female participants

Cardiometabolic Phenotype
MHN (n=1128) MUHN (n=134) MHO (n=3734) MUHO(n=3220)
N(%) N(%) N(%) N(%)
Female
Marital *<0.001
status
Not married 184(16.4) 19(14.2) 373(10) 425(13.2)
Married 944(83.7) 115(85.8) 3361(90) 2795(86.8)
Education **<0.001
level
Illiterate 217(19.2) 51(38.1) 646(17.3) 976(30.3)
Primary 381(33.8) 39(29.1) 1589(42.5) 1365(42.4)
school
Diploma 407(36) 36(26.9) 1249(33.5) 770(23.9)
University 123(10.9) 8(6) 250(6.7) 109(3.4)
Physical activity level (METs") **<0.001
Low 354(31.4) 53(39.6) 1183(31.7) 1341(41.6)
Moderate 517(45.8) 59(44) 1732(46.4) 1325(41.1)
High 257(22.7) 22(16.4) 819(21.9) 554(17.2)
17
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Quintiles of **<0.001
wealth index
1 (poorest) 350(30.9) 40(29.9) 897(24) 973(30.2)
2 166(14.8) 22(16.4) 625(16.7) 650(20.2)
3 213(18.8) 30(22.4) 769(20.6) 602(18.7)
4 228(20.2) 21(15.7) 868(23.2) 576(17.9)
5 (richest ) 171(15.2) 21(15.7) 575(15.4) 419(13)
Current Smoking status **0.21
No smoker 1111(98.5) 132(98.5) 3698(99) 3177(98.7)
Ex-Smoker 4(0.4) 2(1.5) 17(0.5) 15(0.5)
Smoker 10(0.9) 0 12(0.3) 17(0.5)
Smoker other | 3(0.3) 0 7(0.2) 11(0.3)
tobacco
products(wate
r pipe,
hookah,
pipe,..)
Secondhand 506(12.3) 69(51.5) 1834(49.1) 1711(53.1) *<0.001
smoking
Alcohol consumption **0.65
No 1121(99.4) 134(100) 3725(99.8) 3209(99.7)
Experiment 6(0.5) 0 6(0.2) 7(0.2)
Limit time 0 0 1(0. 1(0.02)
(for treatment
Ex-drinker 0 0 2(0.1) 1(0.02)
drinker 1(0.1) 0 0 2(0.1)
Insulin load **<0.001
1th 395(35) 74(55.2) 1263(33.8) 1345(41.8)
2nd 327(29) 37(27.6) 1140(30.5) 895(27.8)
3rd 242(21.4) 14(10.4) 832(22.3) 633(19.7)
4th 164(14.5) 9(6.7) 499(13.4) 347(10.8)
Insulin index **<0.001
1th 327(29) 67(50) 1072(28.7) 1211(37.6)
2nd 300(26.6) 28(20.9) 971(26) 833(25.9)
3rd 244(21.6) 31(23.1) 876(23.5) 654(20.3)
4t 257(22.7) 8(6) 815(21.8) 522(16.2)

Mean £SD Mean £SD Mean +SD Mean £SD
Age (years) 47.01+£9.75 55.52+9.21 47.07+£8.49 52.13+8.98 **<0.001
Height (cm) 157.01£6.58 155.63+6.25 156.12+ 155.49+5.94 **<0.001

18
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Weight (kg) 56.02+6.54 57.32+5.89 74.04£10.87 78.23+£11.90 *<0.001
Waist 77.97+6.62 85.63+6.52 92.57+£9.24 100.03+9.03 "*<0.001
circumferenc
e (cm)
Hip 95.16+5.30 94.45+4.84 107.54+8.27 109.04+9.48 *<0.001
circumferenc
e (cm)
Dietary 52.35+£19.40 46.17+8.44 51.78+19.16 49.62+16.96 *<0.001
insulin index
Dietary 124898.66+56090.3 | 101945.79+46619.4 | 126403.94+63741.2 | 118249.36+5858 | ***<0.001
insulin load 2 3 7 5.05
Energy 2381.77+£693.49 2165.50+708.04 2412.56+661.78 2351.92+666.32 **<0.001
intake (kcal )

; IMETs: the metabolic equivalent of task

*P value: chi-square test ; ** P value :kruskal —Wallis; *** P value :One Way ANOVA

The ratio of married participants was significantly higher in both genders (Tables 2
and 3). Education levels, regardless of gender, and in female participants, were
lower in the MUHO phenotype group (p<0.001), but education levels in male
participants showed no significant differences (p<0.39). Physical activity was
significantly lower in metabolically unhealthy participants in both genders (both
MUHN and MUHO) (p<0.001). Assessing the quintiles of WSI in all participants
(Table 1) and female participants (Table 3) showed that the MUHO were mostly
among the 1st quintile of WSI (p<0.001), whereas in male

participants (Table 2), the MUHO phenotype was associated with higher income
(p<0.001). Interestingly, the mean energy intake of each unhealthy CMP was lower
than the mean energy intake of the corresponding healthy CMP. For instance, the
mean energy intake of MUHN participants was 2850.34+919.82, whereas it was
3109.21+919.32 in MHN participants. Moreover, the frequency of alcohol

consumption and smoking was significantly higher in MHN participants than in

1
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MUHO participants (p<0.001). On the other hand, the percentage of secondhand

smokers was significantly higher in MUHO participants than in MHN ones, both

oNOYTULT D WN =

9 regardless and according to their gender (Tables 1 and 2) (p<0.001). The mean
values of age, BMI, and waist circumference showed incremental trends from

14 being in a healthy phenotype (whether normal weight or obese) to an unhealthy
16 phenotype. (p<0.001) (Tables 1 and 2). Hip circumference was lower in the MHN

18 than in the MHO and MUHO. (p<0.001).

21 Relationship between Cardiometabolic Phenotypes and Dietary Insulin Load

and Index:

The frequency of Insulin load and index quartiles showed a significant decrease from
29 the 18t to 4t quartile in metabolically unhealthy participants (Both MUHN and MUHO)

31 (p<0.001).

34 Unexpectedly, the mean values of the Dietary Insulin Index and Dietary Insulin Load
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showed to be higher in metabolically healthy phenotypes than in unhealthy ones,
39 with the MUHN phenotype being the lowest (p<0.001). In addition, the mean value
41 of energy intake was lower in metabolically unhealthy phenotypes compared to their
43 corresponding healthy phenotypes, with the MUHN consuming the lowest energy
intake (p<0.001) (Table 1). This trend was seen both regardless of the participants’

48 gender, (Table 1) and in male or female participants divided (Tables 2 and 3).
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The findings of the unadjusted model indicated that compared to the 15t DIL quartile,

the risks of MUHN and MUHO in the 4t DIL quartile decreased by 0.21 (0.14 - 0.32)

and 0.37 (0.33 — 0.43), respectively (Table 4).

Table4: Association between cardiometabolic phenotype and across quartiles of DIL and DIL scores of Azar

cohort population

Quartiles of DIL Quartiles of DII
1 2 3 4 1 2 3 4
(111?37 (n=3730 | (n=3725) | (3726) (n=3708 | (n=3726) (n=3730) (3728)
) )
Q rang <99828 | 99828.06- 129348.54- >171278.61 <44.43 44.44-48.64 48.65-55.29 >55.30
.05 129348.53 171278.60
Crude
MUHN Refer | 0.54(0.3 | 0.32(0.22 | 0.21(0.14 | Referen | 0.47(0.33- 0.46(0.32- 0.18(0.1
ence 8-0.75) -0.47) -0.32) ce 0.66) 0.64) 1-0.28)
MHO Refer | 0.95(0.8 | 0.83(0.73 | 0.76(0.67 | Referen | 0.91(0.80- 0.92(0.81- 0.77(0.6
ence 3-1.08) -0.95) -0.86) ce 1.04) 1.04) 8-0.88)
MUHO Refer | 0.65(0.5 | 0.50(0.44 | 0.37(0.33 | Referen | 0.68(0.59- 0.53(0.47- 0.39(0.3
ence 7-0.75) -0.57) -0.43) ce 0.77) 0.61) 4-0.45)
MUHN
Model 1 | Refer | 0.66(0.4 | 0.45(0.30 | 0.34(0.22 | Referen | 0.59(0.410. | 0.58(0.41- 0.24(0.1
ence 6-0.93) -0.67) -0.53) ce 84) 0.83) 5-0.37)
Model2 Refer | 061(0.42 | 0.38(0.23 | 0.23(0.12 | Referen | 0.57(0.40- 0.57(0.40- 0.24(0.1
ence -0.90) -0.62) -0.47) ce 0.81) 0.82) 5-0.37)
MHO
Modell Refer | 1.05(0.9 | 1.03(0.90 | 1.04(0.90 | Referen | 0.97(0.85- 1.03(0.90- 0.88(0.7
ence 1-1.20) -1.18) -1.20) ce 1.11) 1.17) 8-1.01)
Model2 Refer | 1.01(0.8 | 0.94(0.80 | 0.85(0.74 | Referen | 0.91(0.80- 0.94(0.82- 0.80(0.7
ence 7-1.16) -1.09) -1.04) ce 1.04) 1.07) 0-0.91)
MUHO
Modell Refer | 0.88(0.7 | 0.85(0.74 | 0.80(0.69 | Referen | 0.86(0.75- 0.74(0.64- 0.57(0.5
ence 6-1.01) -0.99) -0.93) ce 0.99) 0.85) 0-0.66)
Model2 Refer | 0.48(0.3 | 0.65(0.55 | 0.772(0.6 | Referen | 0.77(0.67- 0.64(0.56- 0.48(0.4
ence 8-0.59) -0.76) 6-0.89) ce 0.89) 0.74) 2-0.561)
Male
Crude
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MUHN Refer | 0.54(0.3 | 0.40(0.23 | 0.24(0.13 | Referen | 0.57(0.33- 0.45(0.26- 0.25(0.1
ence 0-0.97) -0.71) -0.43) ce 0.99) 0.77) 4-0.46)

MHO Refer | 1.17(0.9 | 1.18(0.94 | 1.24(1.00 | Referen | 1.02(0.83- 1.06(0.87- 0.90(0.7
ence 2-1.48) -1.48) -1.54) ce 1.24) 1.28) 5-1.09)

MUHO Refer | 0.66(0.5 | 0.70(0.55 | 0.78(0.60 | Referen | 0.86(0.70- 0.65(0.53- 0.52(0.4
ence 2-0.83) -0.90) -1.01) ce 1.07) 0.80) 2-0.64)

MUHN

Model 1 | Refer | 0.56(0.3 | 0.44(0.25 | 0.28(0.15 | Referen | 0.64(0.37- 0.46(0.27(0. | 0.27(0.1
ence 1-1.02) -0.79) -0.52) ce 1.11) 80) 5-0.50)

Model2 Refer | 0.49(0.2 | 0.34(0.17 | 0.17(0.06 | Referen | 0.66(0.38- 0.50(0.29- 0.30(0.1
ence 6-0.92) -0.69) -0.46) ce 1.14) 0.86) 6-0.55)

MHO

Modell Refer | 1.12(0.8 | 1.10(0.88 | 1.16(0.93 | Referen | 0.99(0.81- 1.01(0.84- 0.86(0.7
ence 8-1.42) -1.39) -1.45) ce 1.21) 1.22) 1-1.03)

Model2 Refer | 1.05(0.8 | 0.98(0.76 | 0.93(0.70 | Referen | 0.98(0.80- 0.99(0.81- 0.82(0.6
ence 2-1.35) -1.26) -1.24) ce 1.19) 1.20) 8-1)

MUHO

Modell Refer | 0.78(0.6 | 0.72(0.56 | 0.70(0.55 | Referen | 0.89(0.72- 0.65(0.53- 0.53(0.4
ence 0-1.01) -0.92) -0.89) ce 1.11) 0.81) 3-0.65)

Model2 Refer | 0.68(0.5 | 0.55(0.42 | 0.41(0.30 | Referen | 0.89(0.71- 0.64(0.52- 0.51(0.4
ence 2-0.89) -0.73) -0.57) ce 1.11) 0.80) 1-0.63)

Female

Crude

MUHN Refer | 0.60(0.3 | 0.31(0.17 | 0.29(0.14 | Referen | 0.45(0.28- 0.62((0.39- 0.15(0.0
ence 9-0.92) -0.56) -0.60) ce 0.72) 0.98) 7-0.32)

MHO Refer | 1.09(0.9 | 1.08(0.90 | 0.95(0.77 | Referen | 0.98(0.82- 1.09(0.91- 0.97(0.8
ence 2-1.29) -1.30) -1.18) ce 1.17) 1.32) 0-1.17)

MUHO Refer | 0.80(0.6 | 0.77(0.64 | 0.62(0.50 | Referen | 0.74(0.62- 0.72(0.60- 0.55(0.4
ence 8-0.95) -0.93) -0.77) ce 0.89) 0.87) 5-0.66)

MUHN

Model 1 | Refer | 0.77(0.5 | 0.43(0.23 | 0.42(0.20 | Referen | 0.55(0.34- 0.78(0.49- 0.18(0.0
ence 0-1.18) -0.78) -0.88) ce 0.89) 1.25) 8-0.39)

Model2 Refer | 0.66(0.4 | 0.33(0.15 | 0.29(0.11 | Referen | 0.57(0.35- 0.82(0.51- 0.19(0.0
ence 0-1.10) -0.70) -0.78) ce 0.92) 1.31) 9-0.41)

MHO

Modell Refer | 1.06(0.9 | 1.06(0.88 | 0.95(0.6- | Referen | 0.96(0.808- | 1.07(0.89- 0.95(0.7
ence 0-1.26) -1.28) 1.17) ce 1.15) 1.30) 8-1.14)

Model2 Refer | 0.98(0.8 | 0.92(0.73 | 0.77(0.57 | Referen | 0.95(0.8- 1.06(0.88- 0.93(0.7
ence 1-1.19) -1.18) -1.05) ce 1.14) 1.29) 7-1.13)

MUHO
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Modell | Refer | 0.95(0.8 | 0.96(0.79 | 0.81(0.64 | Referen | 0.84(0.70- | 0.84(0.69- | 0.62(0.5
ence | 0-1.13) |-1.17) -1..01) ce 1.01) 1.02) 1-0.76)
Model2 | Refer | 0.78(0.6 | 0.67(0.52 | 0.47(0.34 | Referen | 0.83(0.69- | 0.83(0.68- | 0.60(0.4
ence | 4-0.95) | -0.86) -0.66) ce 1.00) 1.01) 9-0.74)

MHL was considered as a reference group; Model 1: adjusted for age, gender, education level, WSI; Model 2
adjusted for age, gender, MET, Energy intake. Adjusted for gender where appropriate

After adjustment for different intervening factors (i.e. age, gender, education, MET,
and energy intake), a strong negative correlation was observed between DIL and
MUHN and MUHO. However, there were no significant correlations between DIL and
MHO after the adjustments. (Table 4). The aforementioned negative correlation was
more obvious in the 4" DIL quartile. In Model 2, the observed odds ratio for MUHN
was 0.61 (0.42 — 0.90) in the 2" DIL quartile, while it was 0.23 (0.12 — 0.47) in the

4t DIL quartile. (Table 4).

The findings of the unadjusted model for the DIl quartiles indicated that compared to
the 1st DIl quartile, the risks of MUHN and MUHO in the 4t DIl quartile decreased
by 0.18 (0.11 - 0.28) and 0.39 (0.34 — 0.45), respectively (Table 4). After adjustment
for the same intervening factors as DIL quartiles, a strong negative correlation was
observed between DIl and MUHN and MUHO. However, there was no significant
correlation between DIl and MHO after the adjustments. (Table 4). The
aforementioned negative correlations were more obvious in the 4t DIl quartile. In
Models 1 and 2, the observed odds ratios for MUHN were 0.59 (0.41 — 0.84) and
0.57 (0.40-0.81), respectively, in the 2" DIl quartile, while they were both 0.24 (0.15

—0.37) in the 4" DIl quartile. (Table 4).
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unhealthy CMPs (both MUHN and MUHO). The trend of odds ratio in metabolically
healthy phenotypes was not significant. We can conclude these findings in two

different ways.

Firstly, the correlation between lower DIL and DIl with unhealthy CMPs may be
explained by the fact that the mean energy intake in unhealthy phenotypes was lower
than in healthy phenotypes. This finding suggests that the participants with unhealthy
phenotypes may have restricted their energy intake to lose weight and modify their
lifestyle behavior, thereby lowering the insulinemic potential of their diet
(i.e., lowering their DIl and DIL). Additionally, our findings demonstrate that alcohol
consumption and smoking were also lower in metabolically unhealthy phenotypes.
This supports the speculation that participants with unhealthy phenotypes were
following a lifestyle modification plan that included changes in their diet, smoking,
and alcohol consumption. This modification could be the reason for the lower DIl and
DIL values observed in unhealthy phenotypes. Therefore, we suggest that
measuring DIl and DIL may not be a reliable index for predicting CMPs and the risk
of developing chronic diseases. Further studies are needed to take recent lifestyle
modifications into account and determine the associations between DIl and DIL with
CMPs in participants who have not had a recent lifestyle modification, specifically

modifications in their diets.

Secondly, the insignificant trend of odds ratio in metabolically healthy phenotypes

suggests that insulin resistance may not be easily assessed and predicted by simply

2
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measuring indices such as DIl and DIL since insulin secretion depends on various

components, including the participant’s diet, neural, and hormonal activity. (30)

oNOYTULT D WN =

10 In accordance with our findings, Karimbeiki et al demonstrated that a higher
12 insulinemic effect of diet was not associated with increased obesity rates. (31)
14 Anjom-Shojaei et al found in their study that a high DIl was not linked to obesity in
17 men, but it was in women. (17) Another cross-sectional study, involving 262
19 participants of the Dortmund Nutritional and Anthropometric Longitudinally Designed
21 Study, discovered that a higher DIl and DIL were correlated with higher body fat
percentage, but not a higher BMI. (32) Conversely, a cross-sectional study on 203
26 overweight/obese adolescents showed that a diet with higher DIl and DIL was
28 associated with higher odds of being in the MUHO group. (33) Additionally, a study
on the Shahidieh cohort showed that a higher DIl was linked with a higher risk of

33 metabolic syndrome in women, but no such connection was found in men (27) In a
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35 clinical trial with a Mediterranean-style diet, children and adolescents with obesity
37 exhibited healthier cardiometabolic profiles, lower body weight, lower BMI and fat
40 mass, and lower blood glucose and lipids (34) A cross-sectional study on 137
42 European overweight and obese adolescents in their puberty also supported the
44 aforementioned study, indicating that a Mediterranean diet was related to a reduced

risk of the MUHO phenotype (35) A cross-sectional study conducted on both

N
O
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49 overweight and normal-weight Turkish children revealed that breakfast and dinner
51 with a higher DIl and DIL were associated with a higher odds ratio of being

overweight (36) Two other studies were investigating the correlation between DlII
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and DIL with diabetes, and cardiovascular disease respectively. The first study
concluded that a higher DIl and DIL of the diet were associated with a higher risk of
diabetes, and DIL was a better predictor for diabetes compared to DII. (37) The other
study demonstrated that DIl and DIL were not associated with the risk of CVD,(38)
which is in line with our findings. In the current study, we demonstrated that DIl and
DIL were strongly correlated with a decreased odds ratio of MUHN and MUHO and

that there was no significant correlation between DIL and DIl, and MHO.

Previous studies suggest several mechanisms that explain the correlation between
DIl and DIL with unhealthy CMPs. Highly insulinemic diets can cause insulin
secretion, which increases the oxidation of carbohydrates and decreases the
oxidation of lipids. This, in turn, leads to excess abdominal fat storage and a
higher risk of obesity and unhealthy CMPs. (33) Furthermore, highly insulinemic
diets potentially cause faster carbohydrate digestion and absorption, leading to
higher blood glucose and insulin levels. They also result in a rapid drop in post-
prandial blood glucose levels after the surge, which can reduce satiety and lead to a
high-calorie intake of food, causing abdominal obesity and unhealthy CMPs.
(39)(40) Finally, high DIl and DIL are associated with a higher incidence of insulin

resistance and diabetes. (37)(41)

Our study had several strengths. For the first time, we studied the associations
between DIl and DIL with four different CMPs, which were organized based on the
presence or absence of obesity, and the presence or absence of MetS. This model

helped assess the data in a more organized pattern. Additionally, we took into
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1 =
g account the effect of confounding factors while analyzing the data. Another strength %
? of this study was its large population, as we conducted our study on %
:;o just under 15000 participants. However, there were some limitations during the %
:; conduction of this study that should be considered while evaluating the results. Since g E
12 this was a cross-sectional study, we could not establish a cause-and-effect Ei %
12 correlation. More prospective studies are needed to establish and assert such é %
3 N

ig causality. Another limitation was recall bias. The most frequently used tool to assess § §
;? the dietary habits of participants in epidemiological studies is the FFQ. However, § %
@ o

§§ there is always a recall bias when using this tool. Even though we analyzed the data gmg
gg with the confounding factors taken into account, still some confounding factors, ggé
333 including dietary habits, psychological factors, parental obesity, and family history of %% g
§§ cardiometabolic diseases, were not assessed. We suggest two possible reasons for %% g
% our observations. First, despite the presumed belief that increased insulin secretion g%g
2‘5‘ is correlated with increased rates of different metabolic abnormalities, genetic data, %E;ﬁ;
g? as opposed to epidemiological data, suggest that this correlation may be overrated. &g :g’
;E Elevated insulin secretion could even be beneficial. (42)(43) Secondly, considering gi §
j; our findings demonstrated that participants with unhealthy CMPs had lower energy % g
ji intake and alcohol consumption, and a lower smoking rate, it is presumable that g% i
22 some may have changed their lifestyle behavior. This presumed lifestyle behavior % E
N

E‘E change can be the main reason for DIl and DIL being associated with a lower odds % g
g? ratio of unhealthy CMPs. This finding highlights the importance of considering recent | §
§§ lifestyle behavior change as a confounding factor, and further studies are needed to %
gg evaluate the association between DIl and DIL with different CMPs in participants §
:
58 o
59 28 °
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with no recent lifestyle behavior change or evaluate this association while taking the
aforementioned confounding factors into account. Furthermore, further studies can
observe participants with healthy CMPs and look into possible eventual shifts to
unhealthy CMPs. Genetic factors can also be studied to evaluate the correlation

between elevated insulin secretion and CMPs.
Conclusion

This current cross-sectional study demonstrated that DIl and DIL were strongly
correlated with a decreased odds ratio of MUHN and MUHO. There was no
significant correlation between DIL and DIl and MHO. As mentioned before, we
speculate that a lower energy intake in participants with unhealthy cardiometabolic
phenotypes, as a result of lifestyle behavior change, was the main reason for this
observation. To better investigate causality and establish the temporal relationship
between DIl and DIL with different CMPs, further studies are required, specifically
with a prospective design. These studies should assess the correlation between DI|
and DIL with different CMPs in participants who have not undergone recent lifestyle

changes, in order to confirm our main speculation.
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Give characteristics of study participants (eg demographic, clinical,
social) and information on exposures and potential confounders. Give

information separately for exposed and unexposed groups if applicable.

Indicate number of participants with missing data for each variable of

interest

Report numbers of outcome events or summary measures. Give

information separately for exposed and unexposed groups if applicable.

Give unadjusted estimates and, if applicable, confounder-adjusted
estimates and their precision (eg, 95% confidence interval). Make clear

which confounders were adjusted for and why they were included
Report category boundaries when continuous variables were categorized

If relevant, consider translating estimates of relative risk into absolute

risk for a meaningful time period

Report other analyses done—e.g., analyses of subgroups and

interactions, and sensitivity analyses

Summarise key results with reference to study objectives

Discuss limitations of the study, taking into account sources of potential
bias or imprecision. Discuss both direction and magnitude of any

potential bias.

Give a cautious overall interpretation considering objectives,
limitations, multiplicity of analyses, results from similar studies, and

other relevant evidence.

Discuss the generalisability (external validity) of the study results

Give the source of funding and the role of the funders for the present
study and, if applicable, for the original study on which the present

article is based
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