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Abstract

Background: Previous studies have cited insulin-related disorders, including hyperinsulinemia, as one of the main
causes of obesity risk and metabolic disorders. We aimed to investigate the association of the Empirical Dietary Index
for Hyperinsulinemia (EDIH) and Empirical Lifestyle Index for Hyperinsulinemia (ELIH) with the risk of obesity pheno-
types among Iranian adults.

Methods: Present study was conducted on 2705 subjects, including 1604 metabolically healthy normal weights
(MHNW) and 1101 metabolically healthy obesity (MHO) individuals. Obesity phenotypes, including MHNW, MHO,
metabolically unhealthy normal weights (MUNW), and metabolic unhealthy obesity (MUO), were determined using
the criteria of the Joint International statement (JIS) for metabolic syndrome. Dietary intake data from the previous
year was gathered using a food frequency questionnaire. Cox proportional hazard regression was used to estimate
the hazard ratio and 95% confidence intervals (HRs and 95% Cls) of obesity phenotypes incident across tertiles of
EDIH and ELIH scores.

Results: The mean = SD of age and BMI of all participants were 33.5412.2 years and 24.3 £ 3.8 kg/m?, respectively.
In the multivariable-adjusted model, a higher ELIH score was associated with a greater risk for incidence of MUO (HR:
347,95%Cl: 2.54-4.74; P rong= <0.001) and MHO (HR: 3.61, 95%Cl: 2.73-4.77; Pyeng = <0.001). Also, a higher score

of EDIH was related to an increased risk of MUQ incidence (HR: 1.35, 95%Cl: 1.02-1.79; P for trend = 0.046). However,
there was no significant association between a higher score of EDIH and the risk of MHO.

Conclusion: Our findings revealed that a high insulinemic potential of diet and lifestyle, determined by EDIH and
ELIH indices, may be related to an increase in the simultaneous occurrence of obesity with metabolic disorders in
Iranian adults.
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Background
Obesity is a chronic condition that affects about 39% of
adults globally [1], which reduces life expectancy in indi-
viduals with type 2 diabetes (T2D), cardiovascular disease
(CVD), and cancer [2]. Evidence suggests a great variation
in the risk of metabolic and cardiovascular diseases in obese
people that cannot be simply attributed to the amount of
body fat mass [3-5]. This evidence also shows that the divi-
sion of obese and lean individuals based on body weight
alone is not correct, and so other factors affecting the risk
of cardiometabolic disease should also be considered. These
observations led to the concept of four phenotypes based on
body mass index (BMI) and the metabolic status (character-
ized by levels of lipid profiles, blood glucose, blood pressure,
and waist), including metabolically healthy obesity (MHO),
metabolically unhealthy obesity (MUO) [2], metaboli-
cally healthy normal weights (MHNW), and metabolically
unhealthy normal weights (MUNW) individuals [6].
Previous studies have cited impaired insulin balance
and its-related disorders, including hyperinsulinemia,
which may be important causes of increased risk of
obesity and another unhealthy metabolic status [7, 8].
Recent reports suggested that specific dietary factors
[9, 10] and also dietary patterns or indices that include
several dietary factors and cover complex interactions
between nutrients and foods may affect insulin homeo-
stasis [11, 12]. Along with diet, body weight and physi-
cal activity (PA) are the main other lifestyle factors that
are associated with hyperinsulinemia and insulin resist-
ance (IR) [13, 14], therefore, the individual role of diet or
its combined role with body weight and PA in the pre-
diction of insulin-related metabolic disorders has been
received more attention. In recent years, Tabung et al.
have presented two indices to assess the potential of diet
and lifestyle to induce or modulate hyperinsulinemia,
including Empirical Dietary Index for Hyperinsulinemia
(EDIH) and Empirical Lifestyle Index for Hyperinsuline-
mia (ELIH) [15]. The relationship between these indices
and various outcomes has been evaluated so far. Tabung
et al. observed that a high EDIH score was associated with
long-term weight gain in adults [16]. Also, the positive
linkage between these dietary insulinemic indices and risk
of IR [17] and T2D [18] has previously been reported.
Although to the best of our knowledge, the associa-
tion between EDIH and ELIH has not been investigated
with obesity phenotypes, some studies have suggested
the possible association of other dietary indices with the
odds of obesity phenotypes. Farhadnejad et al. showed
that a higher DASH score is associated with lower odds
of the MUO phenotype [19]. Also, Soltani et al. demon-
strated that in obese people, a greater pro-inflammatory
diet was linked to a higher risk of unhealthy phenotype.
In addition, another study found that the Mediterranean
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diet is linked with a healthier phenotypic characteriza-
tion and better metabolic health [20]. Given the growing
prevalence of obesity worldwide, preventing obesity-
related metabolic disorders is a vital medical matter. So,
the present study aimed to investigate the association of
dietary and lifestyle indices for hyperinsulinemia with
four aforementioned obesity and normal weight pheno-
types among Iranian adults.

Methods

Study population

The TLGS is a population-based prospective study
conducted on 15,005 subjects aged >3 years among a
representative urban population of Tehran. The first
examination of the TLGS began in March 1999 to 2001,
and data collection, at 3-year intervals, is ongoing.

In the third survey of the TLGS (2006—-2008), of 12,523
participants, 3568 were randomly selected for dietary
assessment, and in the fourth survey (2009-2011), 7956
randomly selected subjects agreed to complete dietary
assessment. In total, 9232 participants, aged>3 years,
with complete dietary data on the third examination of
TLGS and the new entries participants in the fourth exam-
ination were identified and followed up to the fourth, fifth
(2012-2014) and sixth (2015—-2018) examination of TLGS.

For the present study, after conducting the exclusion
criteria, MHO participants at the baseline (examination 3
or 4) were followed up to the next examinations (exami-
nation 4 or 5 or 6). The first metabolic unhealthy (MU)
occurrence was identified as the event status. For par-
ticipants who remained MHO, their last examination was
identified as the censored status. Also, those who missed
to follow up were excluded from the final analysis.

For this study, of 7773 individuals who have more than
18 years old, at the baseline of study(examination 3 or 4),
participants with unhealthy metabolic status (based on
metabolic syndrome definition, participants who had two
or more metabolic disorders including elevated blood pres-
sure, impaired glucose, hypertriglyceridemia, low high-den-
sity lipoprotein cholesterol (HDL-C), and central obesity)
(n=4128), prevalent cancer (n=16), cardiovascular accident
and myocardial infraction (n=81), pregnant and lactating
women (1n=196), those with under- or over-reported dietary
energy intakes (out of the range 800—4200 kcal/d for men
and 500-3500 kcal/d for women) (#=703), and those with-
out data on obesity phenotypes (n=345) were excluded.
Some of them may fell into more than one category.

Of 2878 healthy metabolic participants at baseline (includ-
ing 1725 MHNW and MHO subjects), 173 participants were
missed to follow up, and for final analysis, 2705 subjects,
including 1604 MHNW and 1101 MHO, were followed up
by 6.68 years and 5.07 years, respectively. (Follow-up rate:
93.0% for MHNW and 95.5% for MHO participants) (Fig. 1).
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Fig. 1 Flow diagram of the study population
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Demographic and anthropometric assessment

Using a pretested questionnaire, an experienced inter-
viewer collected data on age, sex, medical history, med-
ication usage, and smoking habits. Nonsmoker and
smoker (ex-smoker, current or occasionally) were the two
types of smoking status. As previously described [21], the
participant’s weight, height, and waist circumference (WC)
were measured using a digital scale, stadiometer, and tape
meter, respectively. Body mass index was calculated as
weight (kg) divided by height in square meters (m?).

Clinical and biological measurements

Details of the study method and measurements have
been reported previously [22]. The subject’s systolic
blood pressure (SBP) and diastolic blood pressure
(DBP) were assessed using conventional methods. After
12-14 h of overnight fasting, a blood sample was taken
in a sitting position at the TLGS research laboratory to
measure fasting plasma glucose (FPG), triglyceride (TG),
and HDL-C.

Dietary assessment

At the beginning of the study, dietary intake data from
the previous year was gathered using a valid and repro-
ducible semi-quantitative food frequency questionnaire
[23]. Participants were asked to select their intake fre-
quency for each food item daily, weekly, or monthly dur-
ing the preceding year; portion sizes of eaten items, given
in household measurements, were then translated to
grams by trained dieticians.

Physical activity assessment

We utilized the Modifiable Activity Questionnaire
(MAQ), which has previously been updated and validated
among Iranians, to gather data on physical activity [24].

Empirical dietary and lifestyle index for hyperinsulinemia
(EDIH and ELIH)
EDIH is calculated based on two groups of food compo-
nents, including positive (including red and processed
meat, margarine, poultry, high-energy beverages, butter,
French fries, low-fat dairy, tomatoes, and eggs) and nega-
tive (coffee, high-fat dairy, green and leafy vegetables,
and whole fruits.) determinants. Each of the mentioned
food groups is multiplied by a particular weight that it
previously calculated in the study conducted by Tabung
and his colleagues [15], and then all food scores were
summed as EDIH score.

Similarly, the ELIH is determined based on a set of
direct (including BMI, margarine, butter, red meat, and
fruit juice) and inverse (including coffee, whole fruits,
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physical activity, high-fat dairy products, snacks, and
salad dressing) components. Like the EDIH, the ELIH
score was calculated [15]. The EDIH and ELIH score cal-
culation details were described in a supplementary file.

Outcome definition

Metabolic health status was defined based on the
Joint Interim Phenotypement (JIS) criteria for meta-
bolic syndrome (MetS) [25]. Participants were con-
sidered metabolic unhealthy (MU) if they had>2 of
the following: WC>91 cm in women and>89 cm in
men [26]; FPG>100 mg/dl or drug treatment; fast-
ing TGs>150 mg/dl or drug treatment; fasting
HDL-C<50 mg/dl in women and<40 mg/dl in men
or drug treatment; raised blood pressure defined as
SBP > 130 mmHg/DBP >85 mmHg or antihypertensive
drug treatment. Those who had one or no component
were categorized as metabolic healthy (MH) [19].

We categorized participants based on the BMI<25
as normal weight (NW) and BMI>25 as overweight-
obese (O). Participants with a BMI> 25 were defined as
MHO and MUO if their metabolic status was MH and
MU, respectively. Those with a BMI<25 and defined as
MHNW and MUNW if their metabolic status were MH
or MU, respectively.

Statistical analysis
The Statistical Package for Social Sciences (version 20.0;
SPSS Inc, Chicago, IL) was used for statistical analyses.
Kolmogorov—Smirnov analysis and Histogram charts
were conducted to assess the normality of the variables.
Baseline characteristics of subjects were expressed as
mean+SD or median (interquartile range, IQR) for
continuous variables and percentage for categorical
variables, respectively. Independent sample t-test and
chi-square analysis were used to assess the statistical dif-
ferences between normal weight and overweight-obese
groups for quantitative and qualitative variables, respec-
tively. Individuals’ duration of follow-up (in year) was
calculated from baseline to the time at which an event
(definitive diagnosis of a metabolic unhealthy based on
the above-mentioned criteria) occurred for the first time
(event date) or the last date of follow-up examination,
whichever occurred first. The event date of occurrence
of a metabolic unhealthy was determined as mid-time
between the date of the follow-up visit at which a met-
abolic unhealthy was detected for the first time and the
most recent follow-up visit preceding the diagnosis. Indi-
viduals were categorized into tertiles based on the EDIH
and ELIH scores.

Cox proportional hazard regression was used to esti-
mate the hazard ratio and 95% confidence intervals (HRs



Teymoori et al. BMC Public Health (2022) 22:990

and 95% ClIs) of a metabolic unhealthy phenotype inci-
dent across tertiles of EDIH and ELIH scores separately
in participants with BMI<25 and BMI>25. Analy-
ses were adjusted for potential confounders, including
age, sex, BMI (only for EDIH), physical activity (only
for EDIH), smoking, daily energy intake, and education
level. Among MHO participants, we analyzed the risk of
MUO across tertiles of EDIH and ELIH. Among MHNW
participants, we conducted two separate analyses: we
assessed the EDIH and ELIH relation with the incidence
of metabolic unhealthy obesity (MUO). Once again, we
consider the kind of metabolic unhealthy, including
MHO, MUOQ, and MUNW, as outcomes. We checked the
proportional hazards assumption using a log-log plot,
and the assumption was satisfied (lines in the plots were
parallel). P-values<0.05 were considered as statistically
significant.

Results

During the 6.03 years of follow-up (16,320.4 person-
years), 1292 incident cases (47.7%) of the metabolic
unhealthy phenotype were identified (the incidence
rate=791.6 per 10.000 person-years) among the total
population. Among MHNW participants, the incident
cases of metabolic unhealthy including MHO, MUO,
and MUNW, were 419, 311, and 322, respectively.
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The mean=+SD age and BMI of all participants (32.9%
male and 67.1% women) were 33.5+12.2 years and
24.3 £ 3.8 kg/m?, respectively.

Findings of our study based on the comparison base-
line characteristics of participants between the over-
weight-obese group and normal weight group indicated
that the mean age, BMI, WC, FBS, TGs, HDL-C, SBP,
DBP, and ELIH score in the overweight-obese group was
higher than the normal-weight group (P-value<0.001),
however, the individuals in the overweight-obese group
have a lower percentage of male, smokers, and EDIH
score (P-value<0.001) (Table 1). The results of dietary
intakes showed that participants in the overweight-obese
group had higher intakes of poultry, high-fat dairy prod-
ucts, whole fruit, green leafy vegetables, and tomato
(P-value<0.05) compared to the normal-weight group,
however, they had a lower intake of processed meat,
French fries, butter, snacks, salad dressing, and high-
energy beverages(P-value <0.05) (Table 2).

We have determined the HRs of MUO across the ter-
tiles of EDIH and ELIH among overweight-obese par-
ticipants (Table 3). Our findings revealed that there
was no significant relationship between the highest
vs. lowest tertiles of EDIH and MUO incident in both
age and sex-adjusted (HR:1.09, 95% CI:0.90 — 1.30; P
for trend=0.301) and multivariable-adjusted models

Table 1 Baseline characteristics of 2705 participants of the third and fourth survey of the Tehran Lipid and Glucose Study*

Variables Total (n=2705) Normal weight(n = 1604) Overweight-obese P-value
(n=1101)
Demographic-anthropometric data
Age (years) 3354122 3094121 373+11.2 <0.001
Gender <0.001
Men n (%) 890 (32.9) 611 (38.1) 278 (25.1)
Women n (%) 1815 (67.1) 993 (61.9) 823 (74.9)
Body mass index (kg/mz) 243438 218421 280426 <0.001
Smoking (%) 258 (9.5) 183 (11.4) 75 (6.8) <0.001
Physical activity (MET/hour/week) 60.6 (223 -103.2) 60.6 (23.8—-104.4) 60.3(21.0-100.9) 0325
Education level (> 12 years) (%) 721 (26.5) 446 (27.8) 275 (25.0) 0.100
Waist(cm) 80.3+104 754481 875+9.1 <0.001
Biochemical-clinical data
Fasting blood sugar(mg/dl) 856102 84.7+£10.0 86.9+103 <0.001
Triglycerides (mg/dl) 9134344 8754347 96.84+33.2 <0.001
HDL- cholesterol (mg/dl) 474+£10.2 46.6+£10.1 485+10.1 <0.001
Systolic blood pressure (mmHg) 104412 1034+12 106411 <0.001
Diastolic blood pressure (mmHg) 69.0+8.7 67.7+88 708+83 <0.001
Insulin Scores
EDIH 0.17(08-032) 0.18 (0.09 - 0.34) 0.16 (0.07 - 0.28) <0.001
ELIH 1.234+0.26 1.10+£0.21 146+£0.22 <0.001

Data are presented as the mean £ SD or as the median (interquartile range) for continuous variables and as percentages for categorical variables

" Significant differences (p <0.05) were obtained using chi-square for categorical variables and an independent sample t-test for continuous variables
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Table 2 Dietary intakes of 2705 participants of the third and fourth survey of the Tehran Lipid and Glucose Study*

Variables Total (n=2705) Normal weight(n = 1604) Overweight-obese P-value

(n=1101)

Nutrient intake
Energy (Kcal/d) 232941003 2333+£1102 2300+ 685 0.056
Carbohydrate (% of energy) 576+94 576+109 575+68 0.335
Protein (% of energy) 145479 14.4+10.0 146431 0.335
Fat (% of energy) 31.6+£179 31.9+226 31.2+65 0.302
Saturated fatty acids(% of energy) 10.1 (84—12.1) 10.1 (84—12.1) 99(83—11.9) 0.154
Mono unsaturated fatty acids(% of energy) 10.2 (8.7—12.1) 103 (8.7—12.1) 10.2 (8.7—12.1) 0.347
Poly unsaturated fatty acids (% of energy) 59 4.7—74) 5.9 (4.8—74) 58@4.7—72) 0.293

Food groups
Red meat (serving/1000 kcal) 0.05 (0.03 - 0.08) 0.04 (0.02—0.07) 0.04 (0.02—0.07) 0.964
Processed meat(serving/1000 kcal) 0.01(0.00-0.2) 0.01 (0.00—0.02) 0.01 (0.00—0.01) 0.001
Poultry(serving/1000 kcal) 0.06 (O 04-0.11) 0.06 (0.03—0.10) 0.06 (0.03—0.11) 0.046
Fish(serving/1000 kcal) 0.03 (0.01 - 0.05) 0.02 (0.01—0.05) 0.02 (0.01—0.05) 0.225
Eggs(serving/1000 kcal) 0.09 (0.05-10.16) 0.04 (0.02—0.07) 0.09 (0.05—0.15) 0.864
High-fat dairy products(serving/1000 kcal) 0.61£040 0.59+0.39 0.64+041 0.001
Low-fat dairy products(serving/1000 kcal) 0464037 0454036 0484038 0.091
Whole fruit(serving/1000 kcal) 0.774+0.55 0.72+0.52 0.84+0.59 <0.001
Fruit juice(serving/1000 kcal) 0.02(0.01 -0.13) 0.01 (0.00—0.05) 0.02 (0.00—0.05) 0.827
Green leafy vegetables(serving/1000 kcal) 0.13(0.07 -0. 25) 0.11 (0.06—0.23) 0.15 (0.07—0.28) <0.001
Tomatoes(serving/1000 kcal) 0.26 (0.13-043) 0.23(0.12—0.39) 0.29 (0.16—0.49) <0.001
French fries(serving/1000 kcal) 0.00 (0.00 - 0.02) 0.01 (0.00—0.02) 0.00 (0.00—0.01) 0.005
Margarine(serving/1000 kcal) 0.00 (0.00 - 0.00) 0.00 (0.00 - 0.00) 0.00 (0.00 - 0.00) 0.409
Butter(serving/1000 kcal) 0.18 (0.01 - 0.58) 0.22 (0.03—0.66) 0.13(0.01—0.50) <0.001
Coffee(serving/1000 kcal) 0.00 (0.00-0.01) 0.00 (0.00 - 0.01) 0.00 (0.00 - 0.01) 0.241
Snacks(serving/1000 kcal) 0.07 (0.01 - 0.20) 0.09(0.03-0.22) 0.06 (0.01 -0.16) 0.006
Salad dressing(serving/1000 kcal) 0.07 (0.03 - 0.15) 0.08 (0.03 - 0.16) 0.07 (0.02 -0.14) 0.008
High-energy beverages(serving/1000 kcal) 0.02 (0.00 - 0.06) 0.02 (0.00 - 0.06) 01 (0.00 - 0.05) 0.002

Data are presented as the mean 4 SD or as the median (interquartile range) for continuous variables and as percentages for categorical variables

" Significant differences (p < 0.05) were obtained using an independent sample t-test for continuous variables

(HR:1.11, 95% CI:0.92 — 1.34; P for trend = 0.242). How-
ever, in the age and sex-adjusted model, the HR of
MUO in the highest vs. lowest tertile of ELIH score
was 1.30 (95% CI: 1.08-1.56; P for trend =0.006). After
additional adjustment for energy intake, smoking, and
education level, the HR of MUO across tertiles of ELIH
remained significant (HR: 1.29, 95% CI: 1.08-1.56; P for
trend = 0.007).

The multivariable-adjusted logistic regression model
was used to predict the incidence of MHO, MUO,
and MUNW across tertiles of EDIH and ELIH among
the metabolic healthy normal weight participants
(Fig. 2 A-C). There were no significant association
between higher EDIH (HR: 0.91, 95% CI: 0.69 — 1.21;
P for trend =0.587) and ELIH (HR: 1.10, 95% CI: 0.83
— 1.45; P for trend=0.505) with the risk of MUNW
(Fig. 2A). The HRs and 95% CI of MHO for highest
vs. lowest tertiles of EDIH and ELIH were 0.99 (0.78

— 1.26), P for trend=0.875 and 3.61 (2.73 — 4.77), P
for trend = <0.001, respectively (Fig. 2B). Higher val-
ues of EDIH and ELIH were associated with higher risk
of MUO incident (HR: 1.35, 95% CI: 1.02 — 1.79; P for
trend =0.046) and (HR: 3.47, 95% CI: 2.54 — 4.74; P for
trend = <0.001), respectively (Fig. 2C).

We also conducted stratified analyses based on sex
group classification (separately among males and
females) to assess the association between EDIH and
ELIH with different obesity phenotypes and observed
no different findings compared to when we analyzed the
total population (Data not shown).

Discussion

In this population-based cohort study, we have assessed
the association of insulinemic potential of diet and life-
style with the risk of obesity phenotypes in the adult pop-
ulation by controlling potential confounding factors. Our
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Table 3 The association between insulin indices and incidence of MUO: Tehran Lipid and Glucose Study
Tertiles of scores P-trend
T T2 T3

EDIH

Median score 0.03 0.16 037

Follow up period 520+332 5124320 491+324

person-years 1909.5 18814 18034

Case/Total 239/ 367 226/ 367 239/ 367

Incidence rate (10.000-person year) 1251 (1102 - 1420) 1201 (1054.3 - 1368) 1325 (1167 = 1504)

Model 12 1.00 (Ref) 0.97(0.81-1.16) 1.09 (0.90 - 1.30) 0.301

Model 20 1.00 (Ref) 0.99 (0.83 - 1.20) 1.11(0.92 - 1.34) 0.242
ELIH

Median score 1.19 1.35 1.57

Follow up period 556+3.28 4924314 4754329

person-years 2043.5 1801.9 1748.9

Case/Total 221/ 367 243 /366 240/ 368

Incidence rate (10.000-person year) 1081 (947 - 1233) 1348 (1189 - 1529) 1372 (1209 — 1557)

Model 1° 1.00 (Ref) 1.23(1.02 - 1.48) 1.30(1.08 - 1.56) 0.006

Model 2° 1.00 (Ref) 121 (1.01 - 1.46) 1.29 (1.08 - 1.56) 0.007

2 Adjusted for age and sex

b Additionally, adjusted for body mass index (only for EDIH), physical activity (only for EDIH), smoking, education level, and energy intake

findings suggested that a higher score of ELIH was posi-
tively related to the risk of MHO and MUO. However, no
significant association was observed between ELIH and
the risk of MUNW. Also, we showed that higher insu-
linemic potential of diet, determined by EDIH score, may
be associated with increased risk of MUO, but it was not
associated with risk of other types of obesity phenotypes,
including MHO and MUNW.

Although this study firstly assessed the association
of EDIH and ELIH with the risk of obesity phenotypes,
our results are comparable with previous investiga-
tions conducted on the role of the insulinemic poten-
tial of diet and lifestyle with weight gain and metabolic
disorders [16, 18]. Tabung et al. revealed that the high
insulinemic potential of the diet was associated with
a higher risk of long-term weight gain and obesity in
adults [16], however, contrary to the results of the
above-mentioned study, in our study, no significant
association was observed between the higher score of
EDIH and MHO risk. In this study, we indicated that
adherence to a dietary pattern with higher score of
EDIH may increase the risk of obesity with metabolic
disorders (MUO phenotypes risk), however, other stud-
ies conducted on the Iranian population did not show
a strong significant relationship between higher EDIH
score and the risk of metabolic disorders, including IR
[18] and T2D [17]. Also, our findings on the unhealthy
characteristics of the EDIH or ELIH are comparable
with the adverse effects of these insulinemic indices in

increasing the risk of chronic diseases in other studies.
Two studies have reported that the higher insulinemic
potential of diet or lifestyle is related to increment risk
of various insulin-related malignancies, such as multi-
ple myeloma [27], colorectal cancer [28], and digestive
system cancer [29]. Also, Sohouli et al. showed that
adult individuals with a higher score of EDIH are more
prone to increased risk of non-alcoholic fatty liver dis-
ease [30]. An overview of the results of our study and
previous evidence suggests that individuals with high
insulinemic potential for diet and lifestyle may be more
prone to increased risk of chronic diseases such as met-
abolic syndrome and cardiovascular disease. However,
more studies are needed to conclude with greater cer-
tainty on the harmful role of these insulinemic indices
in increasing the risk of metabolic disorders alongside
obesity.

Based on our findings and the results of previous stud-
ies conducted on the Iranian population, the EDIH score
has shown low potency in predicting the risk of cardio-
metabolic diseases such as IR, obesity, and T2D. Some
reasons can explain this; because of the low consump-
tion of dietary components of EDIH consequently, indi-
viduals’ estimated scores for this index are low. Also, the
amount of individuals’ intakes for the food components
of EDIH are close to each other and do not have high
dispersion, and as a result, the estimated EDIH score in
our study population had a narrow range. Moreover, the
EDIH index was developed and validated in a different
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Fig. 2 The association between insulin indices and incidence of MUNW, MHO, and MUO among participants of the TLGS

population, which can be one of the causes of this con-
sistency in our results and Tabung et al. study. In our
study, a diet with a high EDIH score, although was not
associated with the risk of MHO, has been directly linked
to an increased risk of MUO; the main reason for this dif-
ference in results for the EDIH and obesity phenotypes
seems to be that; as reported above, this dietary insuline-
mic index alone is not a strong indicator for predicting
risk of chronic diseases and metabolic disorders in our
population, however, in individuals who are genetically
predisposed to the risk of metabolic disorders, the com-
bination of this dietary index along with other adverse
environmental factors such as elevated body weight may
increase the risk of obesity with metabolic disorders in
participants with high-risk genetic background.

In the current study, we showed that higher ELIH
score, determined by the combination of insulinemic
potential of diet, physical activity, and BMI, are strongly

associated with increased risk of two abnormal types
of phenotypes, including MHO and MUO. Our results
are in agreement with the findings of other studies that
investigated the association of insulinemic potential
of lifestyle with metabolic disorders [18]. Farhadne-
jad et al. have shown that a higher score of ELIH was
related to an increased risk of diabetes by 89% [18].
Also, it has previously been reported that adherence
to a lifestyle with a higher score of ELIH may be asso-
ciated with an increased risk of insulin metabolism-
related disorders, including IR, insulin insensitivity,
and hyperinsulinemia [18]. Based on the main result
of our study, the ELIH score has much higher power
than the EDIH score in predicting the occurrence of
obesity phenotypes, including MHO (HR: 3.61 vs.
HR: 0.99) and MUO (HR: 3.47 vs. HR: 1.35); These are
expectable findings because the ELIH was determined
by three strong and independent predictors of obesity
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phenotype including dietary pattern, BMI, and physical
activity that all of them have high insulinemic potential
individually; indeed, the cooperative contributions of
these above-mentioned major lifestyle-related factors
to producing the insulinemic effect, suggested a greater
association with obesity phenotypes in comparison to
the EDIH as an alone insulinemic dietary index. Based
on our findings, in participants with normal weight,
EDIH and ELIH scores could not predict the increased
risk of metabolic disorders without the occurrence of
obesity (risk of MUNW phenotype); these results sug-
gest that the insulinemic potential of diet and life-
style increases the risk of metabolic disorders through
weight gain or in combination with it, however, the
occurrence of metabolic disorders without increment
obesity risk in participants may be due to other factors
such as genetic predisposition, high-stress level, and
possibly unknown factors.

Our findings suggested that individuals with a higher
EDIH score have greater adherence to an unhealthy diet
that may contribute to the development of obesity and
metabolic disorders. A dietary pattern with a higher
score of EDIH is characterized by higher consumption
of red and processed meats, margarine, soft drinks,
fried potatoes, and refined grains and lower consump-
tion of whole grain, coffee, high-fat dairy, fruits, and
leafy green vegetables, which could be strongly effec-
tive in insulin secretion, impaired insulin function, and
increased its related disorders [31, 32]. Individuals with
higher adherence to this dietary pattern are more prone
to IR and, consequently, its related metabolic disorders
such as MUO [32, 33]. However, a dietary pattern with
contrasting features, such as the DASH diet, may have
a low potential of insulinemic effect; because this diet
mostly focuses on higher intakes of whole grain, plant
protein and fats, fiber, calcium, magnesium, and potas-
sium and lower intakes of refined carbohydrates, ani-
mal protein and fats, simple sugar, and salt, which can
decrease the risk of IR and abnormal types of obesity
phenotypes [19, 34].

The elevated BMI as the main determinant of the insu-
linemic potential of lifestyle is a major effective factor
in insulin metabolism and its related problems; because
it has been reported that weight gain and adiposity are
independently related to the risk of hyperinsulinemia, IR,
and metabolic disorders [35], therefore, the remarkable
part of the insulinemic effect of ELIH in increasing risk
of obesity phenotypes can be caused by high BMI levels
of participants. Like the dietary pattern and BMI, physi-
cal activity is a strong independent predictor of insulin
metabolism-related disorders [36]. Physical inactivity can
potentially be related to increment IR, hyperinsulinemia,

Page 9 of 11

and its metabolic disorders via increasing inflamma-
tory cytokines, reducing insulin sensitivity, inappropri-
ate effect on body composition and weight gain, and
insufficient effects on energy use in various body organs
[36, 37]. Therefore, physical inactivity can determine
an important part of the high insulinemic effect of an
unhealthy lifestyle. Also, the above-mentioned evidence
suggested that the collective contributions of the high
level of BMI and physical inactivity alongside a high insu-
linemic potential of diet in the form of ELIH may be a
stronger predictor of the risk of insulin disorders and its
related metabolic disorders such as obesity phenotypes
rather than EDIH.

The results of our prospective study revealed that the
insulinemic indices, specially ELIH were, mostly have
a significant association with metabolically unhealthy
obesity, considering that EDIH and ELIH are primary
predictors of hyperinsulinemia in the body, and hyper-
insulinemia can also further lead to metabolic disor-
ders; therefore, the possible link of hyperinsulinemia
with obesity or its related metabolic disorders may
explain the possible role of these insulinemic indices in
increasing the risk of some obesity phenotypes. Previ-
ously, it was assumed that hyperinsulinemia-induced
obesity is caused mostly by an excess calorie intake [38,
39]. However, regardless of calorie intake, Insulin seems
to directly affect the spread of fat mass by increasing fat
accumulation [40]. Biochemical studies have found that
insulin plays a crucial role in regulating lipid accumula-
tion in adipose tissues through inhibition of lipolysis,
enhancing fatty acid uptake and lipogenesis, and induc-
ing the expression of genes promoting uptake and stor-
age of lipids [41]. In the long run, insulin signaling can
promote adipogenesis by inducing the adipogenic
regulators, including C/EBPa and peroxisome prolif-
erator-activated receptor (PPAR) y [42]. Experimental
studies showed that chronic hyperinsulinemia elevates
the inflammation in adipose tissue, leading to disruption
in pathways involving the lipid metabolism, like de novo
lipogenesis in white adipose tissue (WAT) [43], increas-
ing pro-inflammatory cells, including M1 macrophages
and NK-cells, and suppressing M2 macrophages, eosino-
phils and regulatory T-cells, that have anti-inflammatory
action. These results were correlated with the altered
obesity-associated metabolic phenotype [44]. Mecha-
nistically, an imbalance in M1 and M2 macrophage pro-
portions in WAT promoted iNOS (inducible nitric oxide
synthase): arginase-1 imbalance that resulted in extra-
cellular matrix (ECM) deposition and insulin resistance
development and consequently obesity [44]. Informa-
tion supporting the hyperinsulinemia-induced obesity
hypothesis is limited in human studies. However, specific
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racial ethnicities, such as Pima Indians, known to have
very high insulin levels have an increased risk of develop-
ing obesity [45]. Also, the ability of hyperinsulinemia to
predict weight gain and obesity is more indicated in chil-
dren than adults in different populations [46, 47].

Our study has several strengths. The current study is
the first population-based study to investigate the role
of the insulinemic potential of diet and lifestyle with the
risk of different types of obesity phenotypes in adults
with a proper sample size and long follow-up duration.
Also, in this study, valid and reliable food-frequency and
physical activity questionnaires were used to collect the
study population information. However, our study had
some limitations. Although similar to other nutritional
cohort studies, a valid and reliable FFQ was used to
determine the dietary intakes, the possibility of measure-
ment errors is unavoidable. Also, reverse causation is a
limitation in the observational study that may be led to
bias in the inferences drawn from our study. Consider-
ing that the follow-up time of the current study is more
than five years, changes in a participant’s diet and lifestyle
may occur during follow-up, so the baseline diet and life-
style status individually may not ideally reflect long-term
insulin exposure. Furthermore, despite adjusting the con-
founding effects of various variables in the final statistical
analysis, residual confounding effects cannot be excluded
due to unknown or unmeasured confounders (such as
exogenous hormones and steroids).

Conclusion

Our results showed that adherence to a lifestyle with a
higher ELIH score could be associated with an increased
risk of two inappropriate forms of obesity phenotypes,
including MHO and MUO. Therefore, these results sug-
gested that a higher ELIH score can be increased the risk of
obesity with metabolic disorders in the adult populations.
Also, our findings revealed that a diet with a higher score of
EDIH may be associated with an increment in MUO risk.
However, there was no significant association between the
higher score of ELIH and the risk of metabolic disorders
in normal-weight adults. Furthermore, a dietary pattern
with a higher score of EDIH was not associated with risks
of other types of obesity phenotypes, including MHO and
MUNW. Further studies are recommended to assess the
role of ELIH and EDIH in the risk of obesity phenotypes
development and its potential mechanisms.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512889-022-13401-8.

[ Additional file 1. }

Page 10 of 11

Acknowledgements

We claim our appreciation to the Tehran Lipid and Glucose Study participants
for their generous support and the Research Institute for Endocrine Sciences,
Tehran Lipid, and Glucose Study Unit staff for their precious help.

Authors’ contributions

FT and EM: conceptualized and designed the study. FT, EM, and HF: drafted
the initial manuscript; HF and FT: analyzed and interpreted the data; PM, MRV,
MKJ, and FA: supervised the project; all authors have read and approved the
final version of the manuscript.

Funding
The current research was funded by the Research Institute for Endocrine Sci-
ences, Shahid Beheshti University of Medical Sciences, Tehran, Iran.

Availability of data and materials

The datasets generated and analyzed during the current study are not pub-
licly available due to the Research Institute for Endocrine Sciences policies, but
are available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

All participants filled out written informed consent. This study was conducted
in conformance with good clinical practice standards and was performed
according to the Declaration of Helsinki 1975, as subsequent amendments.
Also, this study was approved by the ethics research committee of the
Research Institute for Endocrine Sciences, Shahid Beheshti University of Medi-
cal Sciences, Tehran, Iran.

Consent for publication
Not applicable.

Competing interests
The authors declared there is no conflict of interest.

Author details

"Nutrition and Endocrine Research Center, Research Institute for Endocrine
Sciences, Shahid Beheshti University of Medical Sciences, Tehran, Iran.
Department of Nutrition, School of Public Health, Iran University of Medical
Sciences, PO.Box: 1449614535, Tehran, Iran. *Endocrinology and Metabolism
Research Center, Hormozgan University of Medical Sciences, Bandar Abbas,
Iran. “Endocrine Research Center, Research Institute for Endocrine Sciences,
Shahid Beheshti University of Medical Sciences, Tehran, Iran.

Received: 21 December 2021 Accepted: 11 May 2022
Published online: 16 May 2022

References

1. Roser HRaM. Obesity 2017. Available from: https://ourworldindata.org/
obesity.

2. Metabolically BM, Obesity H. Endocr Rev. 2020;41(3):405-20.

3. Eckel N, Meidtner K, Kalle-UhImann T, Stefan N, Schulze MB. Metaboli-
cally healthy obesity and cardiovascular events: A systematic review and
meta-analysis. Eur J Prev Cardiol. 2016;23(9):956-66.

4. Rey-Lépez JP, de Rezende LF, Pastor-Valero M, Tess BH. The prevalence of
metabolically healthy obesity: a systematic review and critical evaluation
of the definitions used. Obes Rev. 2014;15(10):781-90.

5. Magkos F. Metabolically healthy obesity: what's in a name? Am J Clin
Nutr. 2019;110(3):533-9.

6. Alizadeh S, Esmaeili H, Alizadeh M, Daneshzad E, Sharifi L, Radfar H,
et al. Metabolic phenotypes of obese, overweight, and normal weight
individuals and risk of chronic kidney disease: a systematic review and
meta-analysis. Arch Endocrinol Metab. 2019,63(4):427-37.

7. Erion KA, Corkey BE. Hyperinsulinemia: a cause of obesity? Curr Obes Rep.
2017,6(2):178-86.


https://doi.org/10.1186/s12889-022-13401-8
https://doi.org/10.1186/s12889-022-13401-8
https://ourworldindata.org/obesity
https://ourworldindata.org/obesity

Teymoori et al. BMC Public Health (2022) 22:990

20.

21

22.

23.

24.

25.

26.

27.

Gluvic Z, Zaric B, Resanovic |, Obradovic M, Mitrovic A, Radak D, et al. Link
between Metabolic Syndrome and Insulin Resistance. Curr Vasc Pharma-
col.2017;15(1):30-9.

Jensen MK, Koh-Banerjee P, Franz M, Sampson L, Grenbaek M, Rimm

EB. Whole grains, bran, and germ in relation to homocysteine and
markers of glycemic control, lipids, and inflammation. Am J Clin Nutr.
2006;83(2):275-83.

Wu T, Willett WC, Hankinson SE, Giovannucci E. Caffeinated coffee, decaf-
feinated coffee, and caffeine in relation to plasma C-peptide levels, a
marker of insulin secretion. US Women Diabetes Care. 2005;28(6):1390-6.
Hu FB. Dietary pattern analysis: a new direction in nutritional epidemiol-
ogy. Curr Opin Lipidol. 2002;13(1):3-9.

Jacques PF, Tucker KL. Are dietary patterns useful for understanding the
role of diet in chronic disease? Am J Clin Nutr. 2001;73(1):1-2.

Dubé JJ, Fleishman K, Rousson V, Goodpaster BH, Amati F. Exercise dose
and insulin sensitivity: relevance for diabetes prevention. Med Sci Sports
Exerc. 2012;44(5):793.

TatsumiY, Morimoto A, Miyamatsu N, Noda M, Ohno Y, Deura K. Effect of
body mass index on insulin secretion or sensitivity and diabetes. Am J
Prev Med. 2015;48(2):128-35.

Tabung FK, Wang W, Fung TT, Hu FB, Smith-Warner SA, Chavarro JE, et al.
Development and validation of empirical indices to assess the insulinae-
mic potential of diet and lifestyle. Br J Nutr. 2016;116(10):1787-98.
Tabung FK, Satija A, Fung TT, Clinton SK, Giovannucci EL. Long-Term
change in both dietary insulinemic and inflammatory potential

is associated with weight gain in adult women and men. J Nutr.
2019;149(5):804-15.

Farhadnejad H, Mokhtari E, Teymoori F, Sohouli MH, Moslehi N, Mirmiran
P, et al. Association of the insulinemic potential of diet and lifestyle with
risk of diabetes incident in Tehranian adults: a population based cohort
study. Nutr J. 2021;20(1):39.

Mokhtari E, Farhadnejad H, Teymoori F, Mirmiran P, Azizi F. The association
of insulinemic potential of diet and lifestyle with the risk of insulin-related
disorders: a prospective cohort study among participants of Tehran Lipid
and Glucose Study. Diabetol Metab Syndr. 2021;13(1):53.

Farhadnejad F, Darand M, Teymoori F, Asghari G, Mirmiran P, Azizi F. The
association of Dietary Approach to Stop Hypertension (DASH) diet with
metabolic healthy and metabolic unhealthy obesity phenotypes. Sci Rep.
2019;10,9(1):18690.

Konieczna J, Yanez A, Monino M, Babio N, Toledo E, Martinez-Gonzalez
MA, et al. Longitudinal changes in Mediterranean diet and transition
between different obesity phenotypes. Clin Nutr. 2020;39(3):966-75.
Asghari G, Farhadnejad H, Mirmiran P, Dizavi A, Yuzbashian E, Azizi F.
Adherence to the Mediterranean diet is associated with reduced risk of
incident chronic kidney diseases among Tehranian adults. Hypertens Res.
2017;40(1):96-102.

Teymoori F, Asghari G, Salehi P, Sadeghian S, Mirmiran P, Azizi F. Are
dietary amino acids prospectively predicts changes in serum lipid profile?
Diabetes Metab Syndr. 2019;13(3):1837-43.

Asghari G, Rezazadeh A, Hosseini-Esfahani F, Mehrabi Y, Mirmiran P,

Azizi F. Reliability, comparative validity and stability of dietary patterns
derived from an FFQ in the Tehran Lipid and Glucose Study. Br J Nutr.
2012;108(6):1109-17.

Momenan AA, Delshad M, Sarbazi N, Rezaei Ghaleh N, Ghanbarian A, Azizi
F. Reliability and validity of the Modifiable Activity Questionnaire (MAQ) in
an Iranian urban adult population. Arch Iran Med. 2012;15(5):279-82.
Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA,

et al. Harmonizing the metabolic syndrome: a joint interim statement of
the International Diabetes Federation Task Force on Epidemiology and
Prevention; National Heart, Lung, and Blood Institute; American Heart
Association; World Heart Federation; International Atherosclerosis Soci-
ety; and International Association for the Study of Obesity. Circulation.
2009;120(16):1640-5.

Delavari A, Forouzanfar MH, Alikhani S, Sharifian A, Kelishadi R. First
nationwide study of the prevalence of the metabolic syndrome and opti-
mal cutoff points of waist circumference in the Middle East: the national
survey of risk factors for noncommunicable diseases of Iran. Diabetes
Care. 2009;32(6):1092-7.

Lee DH, Fung TT, Tabung FK, Colditz GA, Ghobrial IM, Rosner BA, et al.
Dietary Pattern and Risk of Multiple Myeloma in Two Large Prospective
US Cohort Studies. JNCI Cancer Spectrum. 2019;3(2):pkz025.

Page 11 of 11

28. Tabung FK, Wang W, Fung TT, Smith-Warner SA, Keum N, Wu K, et al. Asso-
ciation of dietary insulinemic potential and colorectal cancer risk in men
and women. Am J Clin Nutr. 2018;108(2):363-70.

29 Wang W, Fung TT, Wang M, Smith-Warner SA, Giovannucci EL, Tabung
FK. Association of the insulinemic potential of diet and lifestyle with risk
of digestive system cancers in men and women. JNCI cancer spectrum.
2018;2(4):pky080-pky.

30. Sohouli MH, Sayyari AA, Lari A, Nameni G, Lotfi M, Fatahi S, et al. Associa-
tion of dietary insulinaemic potential and odds of non-alcoholic fatty
liver disease among adults: A case—control study. J Hum Nutr Diet.
2021;34(5):901-9.

31. Zelber-Sagi S, lvancovsky-Wajcman D, Fliss Isakov N, Webb M, Oren-
stein D, Shibolet O, et al. High red and processed meat consumption is
associated with non-alcoholic fatty liver disease and insulin resistance. J
Hepatol. 2018,68(6):1239-46.

32. Esmaillzadeh A, Kimiagar M, Mehrabi Y, Azadbakht L, Hu FB, Willett WC.
Dietary Patterns, Insulin Resistance, and Prevalence of the Metabolic
Syndrome in Women. Am J Clin Nutr. 2007;85(3):910-8.

33, Mirzababaei A, Sajjadi SF, Ghodoosi N, Pooyan S, Arghavani H, Yeka-
ninejad MS, et al. Relations of major dietary patterns and metabolically
unhealthy overweight/obesity phenotypes among Iranian women.
Diabetes Metab Syndr. 2019;13(1):322-31.

34. Esfandiari S, Bahadoran Z, Mirmiran P, Tohidi M, Azizi F. Adherence to the
dietary approaches to stop hypertension trial (DASH) diet is inversely
associated with incidence of insulin resistance in adults: the Tehran lipid
and glucose study. J Clin Biochem Nutr. 2017;61(2):123-9.

35. Weyer C, FunahashiT, Tanaka S, Hotta K, Matsuzawa Y, Pratley RE, et al.
Hypoadiponectinemia in obesity and type 2 diabetes: close association
with insulin resistance and hyperinsulinemia. J Clin Endocrinol Metab.
2001;86(5):1930-5.

36. Eaton SB, Eaton SB. Physical inactivity, obesity, and type 2 diabetes: an
evolutionary perspective. Res Q Exerc Sport. 2017;88(1):1-8.

37. DiMenna FJ, Arad AD. Exercise as 'precision medicine'for insulin resistance
and its progression to type 2 diabetes: a research review. BMC Sports Sci
Med Rehabil. 2018;10(1):1-23.

38. Hausberger FX, Hausberger BC. Effect of insulin and cortisone on weight
gain, protein and fat content of rats. Am J Physiol. 1958;193(3):455-60.

39. Wagner EM, Scow RO. Effect of insulin on growth in force-fed hypophy-
sectomized rats. Endocrinology. 1957;61(4):419-25.

40. Renold AE, Marble A, Fawcett DW. Action of insulin on deposition
of glycogen and storage of fat in adipose tissue. Endocrinology.
1950;46(1):55-66.

41. Czech MP, Tencerova M, Pedersen DJ, Aouadi MJD. Insulin signalling
mechanisms for triacylglycerol storage. Diabetologia. 2013;56(5):949-64.

42. Lim GE, Albrecht T, Piske M, Sarai K, Lee JT, Ramshaw HS, et al. 14-3-3C
coordinates adipogenesis of visceral fat. Nat Commun. 2015;29,6:7671.

43. Pedersen DJ, Guilherme A, Danai LV, Heyda L, Matevossian A, Cohen J,
et al. A major role of insulin in promoting obesity-associated adipose
tissue inflammation. Mol Metab. 2015;4(7):507-18.

44. Kumar D, Shankar K, Patel S, Gupta A, Varshney S, Gupta S, et al. Chronic
hyperinsulinemia promotes meta-inflammation and extracellular matrix
deposition in adipose tissue: Implications of nitric oxide. Mol Cell Endo-
crinol. 2018;477:15-28.

45. Genuth SM, Bennett PH, Miller M, Burch TA. Hyperinsulinism in obese
diabetic Pima Indians. Metabolism. 1967;16(11):1010-5.

46. Pettitt DJ, Moll PP, Knowler WC, Mott DM, Nelson RG, Saad MF, et al.
Insulinemia in children at low and high risk of NIDDM. Diabetes Care.
1993;16(4):608-15.

47. ChenYY,Wang JP, Jiang YY, Li H, Hu YH, Lee KO, et al. Fasting Plasma
Insulin at 5 Years of Age Predicted Subsequent Weight Increase in Early
Childhood over a 5-Year Period-The Da Qing Children Cohort Study. PLoS
One. 2015;10(6):20127389.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Dietary and lifestyle indices for hyperinsulinemia with the risk of obesity phenotypes: a prospective cohort study among Iranian adult population
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study population
	Demographic and anthropometric assessment
	Clinical and biological measurements
	Dietary assessment
	Physical activity assessment
	Empirical dietary and lifestyle index for hyperinsulinemia (EDIH and ELIH)
	Outcome definition
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


