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Abstract

Purpose Hyperinsulinemia is linked to the development of various chronic diseases, especially obesity given to the role of
insulin responses in body fat accumulation; hence, the current study aimed to examine the association of insulinemic potential
of the diet with general and abdominal obesity among a large population of Iranian adults.

Methods This cross-sectional study was carried out among 8691 adult participants aged 18-55 years. Dietary data were
collected using a validated dish-based 106-item semi-quantitative food frequency questionnaire. Dietary insulin index (DII)
was computed through considering food insulin index values published earlier. Dietary insulin load (DIL) was also calculated
using a standard formula. Assessment of anthropometric measures was conducted through a self-administered questionnaire.
General obesity was defined as body mass index >25 kg/m?, and abdominal obesity as waist circumference > 94 cm for men
and > 80 cm for women.

Results Mean age of study participants was 36.8 +8.1 years; 60.3% were women. Compared with the lowest quintile, women
in the highest quintile of DIL were less likely to be abdominally obese (OR 0.73; 95% CI 0.57-0.92). Such significant associa-
tion was not seen after controlling for potential confounders (OR 0.86; 95% CI 0.44—1.67). Neither in crude nor in adjusted
models, we observed a significant association between DIL and general obesity among men and women. In terms of dietary
insulin index, men in the top quintile of DII were more likely to be generally overweight or obese compared with those in
the bottom quintile (OR 1.27; 95% CI 1.00-1.62). This association became non-significant after controlling for demographic
characteristics (OR 1.14; 95% CI 0.84—1.56). Furthermore, in thefully adjusted model, women in the top quintile of DII were
more likely to have general obesity compared with those in the bottom quintile (OR 1.40; 95% CI 1.07-1.84).

Conclusions We found that adherence to a diet with a high DII was associated with greater odds of general obesity among
women, but not in men. Although such information might help to draw conclusions on the practical relevance of the shown
findings, further studies, specifically of prospective design, are warranted.
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Abbreviations

FII Food insulin index

GI Glycemic index

D1l Dietary insulin index

SEPAHAN  Studying the epidemiology of psycho-ali-
mentary health and nutrition

DS-FFQ Dish-based 106-item semi-quantitative food
frequency questionnaire

USDA US Department of Agriculture waist
circumference

DIL Dietary insulin load

WwC Waist circumference

BMI Body mass index

NCEP National cholesterol education program

GPPAQ General practice physical activity
questionnaire

ANOVA One-way analysis of variance

ANCOVA  Analysis of covariance

OR Odds ratio

Introduction

Postprandial hyperinsulinemia may be relevant in the con-
text of the prevention and management of various chronic
diseases such as obesity, type 2 diabetes, cardiovascular dis-
ease and some cancers [1-5]. Dietary patterns that provoke
excessive insulin secretion are believed to increase oxida-
tive stress and accelerate the course of beta-cell dysfunction,
which would, in turn, result in an increased risk of obesity
and type 2 diabetes [6]. Recent studies have demonstrated
that high-carbohydrate diets, which elicit high postprandial
glucose and insulin responses, contribute to undesirable lipid
profiles, greater body fat, and the development of insulin
resistance [7-9].

It is now well accepted that carbohydrate is the major
macronutrient that directly increases postprandial blood glu-
cose levels and thus the main dietary stimulus for postpran-
dial insulin secretion [10]. However, other dietary factors
such as protein and fat also play a role. Almost foods high in
protein or fat can enhance insulin secretion despite producing
relatively small blood glucose responses [11]. Postprandial
insulin responses, accordingly, are not always proportional
to blood glucose concentrations because the insulinogenic
effect of foods can be mediated by other factors including
fructose, certain amino acids and fatty acids. Therefore, the
classification of the relative insulinemic effects of all dietary
components and their metabolic interactions is of both theo-
retical and practical significance, allowing a more compre-
hensive approach to determine insulin responses. [12, 13].
To systematically quantify postprandial insulin responses
for all of these insulinotropic factors, a food insulin index
(FII) has been suggested; a novel algorithm that ranks foods
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directly based on the insulin response in healthy subjects rel-
ative to an isoenergetic reference food (analogous to the GI,
either glucose or white bread) [14]. Dietary Insulin Index
(DII) is computed based on FII value of each food by con-
sidering the energy content and the consumption frequency
of that food item. Findings from epidemiological studies
indicated that FII is a more accurate predictor of observed
insulin responses to composite meals than carbohydrate con-
tent [15]. In addition, Bell et al. found that DII was associ-
ated with improved postprandial glycemia without increased
risk of hypoglycemia [16]. However, a cross-sectional study
reported no association between the DII and glycemic con-
trol among healthy adults [17].

The prevalence of obesity has raised globally [18]; so
that according to World Health Organization estimates, more
than 1.9 billion adults around the world, are overweight. Of
these, over 650 million are obese [19]. Although the preva-
lence of obesity in Asian population is lower than that in
western nations, it has been increased at an alarming rate
over the past decades [20]. Despite the association of DII
with several chronic conditions in earlier studies, we are
aware of no study examining the association between die-
tary insulin index and obesity. Examining the association
of DII with chronic conditions is particularly relevant for
obesity since stimulating greater insulin secretion results in
augmented body fat accumulation through reducing fat oxi-
dation and increasing carbohydrate oxidation. We hypoth-
esized that a greater DII is associated with greater risk of
obesity. Therefore, the purpose of the current study was to
examine the association of insulinemic potential of the diet
with general and abdominal obesity among a large popula-
tion of Iranian adults.

Study population and methods
Participants

This cross-sectional study was done in the framework of
the Study on the Epidemiology of Psychological Alimen-
tary Health and Nutrition (SEPAHAN), a project that was
performed in a large population of Iranian adults working
in 50 different health centres in Isfahan province. Detailed
information about the study design, participants and data
collection method has been published previously [21]. At the
beginning of the study, trained staff, who were taught com-
pletely by the principal investigators of the project regarding
the rationale and methodological aspects of SEPAHAN, pro-
vided enough information to participants about the contents
of questionnaires and study aims, while they were handing
out the questionnaires [21]. A self-administrated question-
naire containing detailed information on anthropometric
measurements, socio-demographic characteristics, physical
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activity and dietary intake was sent to 10,087 people aged
18-55 years, and 8691 subjects returned the completed ques-
tionnaire (response rate: 86.6%) [21]. In the current analysis,
we excluded participants who had reported total daily energy
intake of outside the range of 800—4200 kcal (n="787) [22].
We also excluded individuals with missing data from the
analysis (outcome and covariate variables) (n=1322) [21].
These exclusions left 6582 and 5203 persons with complete
data for the current analysis on general and abdominal obe-
sity, respectively. All subjects provided written informed
consent forms prior to study enrolment. The Bioethics Com-
mittee of Isfahan University of Medical Sciences, Isfahan,
Iran, approved the study [21].

Dietary intake assessment

Usual dietary intakes of participants were evaluated using
a validated Willett-format [23]. Dish-based 106-item Semi-
quantitative Food Frequency Questionnaire (DS-FFQ) which
was designed particularly for Iranian adults [24]. Detail
information on design, food items, and validity of this FFQ
were reported elsewhere [24]. The food items included in
the DS-FFQ was classified into five different categories: (1)
mixed dishes (cooked or canned, 29 items); (2) grain-based
foods (different types of bread, cakes, biscuits and potato,
ten items); (3) dairy products (dairies, butter and cream, nine
items); (4) fruits and vegetables (22 items); and (5) miscel-
laneous food items and beverages (including sweets, fast
foods, nuts, desserts and beverages, 36 items). Participants
were asked to determine their intakes of foods and mixed
dishes based on multiple choice frequency response catego-
ries varying from “never or less than once a month” to “12
or more times per day”. The frequency response categories
for the food list varied from 6 to 9 choices. We omitted the
high-frequency categories for foods consumed infrequently,
while for common foods with high consumption, the number
of multiple choice categories increased. The most popular
serving sizes that were usual among Iranian adults were
used in the questionnaire. Finally, we estimated the daily
intakes of all foods and dishes and converted to grams per
day via the booklet of household measures [25]. Nutritionist
IV software was used to obtain nutrient contents of foods
and dishes based on the US Department of Agriculture’s
(USDA) national nutrient databank. Then, we computed
daily nutrient intakes of each participant by summing up
the nutrient contents of all foods and dishes [26].

The validity of the DS-FFQ was investigated in a sub-
group of 200 randomly selected participants of SEPAHAN
project [24, 27]. All participants in the validation study com-
pleted the DS-FFQ at study baseline and 6 months later.
During this validation study, participants provided three
detailed dietary records that were used as a gold standard.
Based on results from this study, the DS-FFQ could provide

reasonably valid and reliable measures of long-term dietary
intakes in Iranian population; for instance, dietary carbohy-
drate intake obtained from DS-FFQ was significantly corre-
lated with the one obtained from the average of three dietary
records (r=0.81).

Calculation of dietary insulin index and load

After considering the components of mixed dishes, we con-
verted all items in the DS-FFQ into a separate food item.
Food insulin index (FII) refers to the incremental insulin
area under the curve over 2 h in response to the consump-
tion of a 1000-kJ portion of the test food divided by the area
under the curve after ingestion of a 1000-kJ portion of the
reference food. Food insulin index for each food item was
obtained from previous studies published by Brand-Miller
et al. [28]. For food items in the current study that was not
available in the food list published by Brand-Miller et al.,
we used the FII of similar food items. To determine dietary
insulin load (DIL), we first calculated the insulin load of
each food by the following formula:

Insulin load of a given food
= Insulin index of that food
X energy content of that food (kcal/d) (17).

By summing up the insulin load of each food, DIL was
obtained for each person. Then, we calculated dietary insulin
index (DII) for each participant by dividing DIL by total
energy intake.

Anthropometric assessment

Data on height, weight and waist circumference (WC)
were gathered using a self-administered questionnaire.
Body mass index (BMI) was calculated as weight in kilo-
grams divided by the height in meters squared. Partici-
pants were classified into two categories based on their
BMI: normal weight (<24.9 kg/m?) and overweight or
obese (>25 kg/m?). Abdominal obesity was defined
based on waist circumference. Abdominal overweight and
obesity were identified based on the criteria proposed
by Lean et al. and the National Cholesterol Education
Program (NCEP), respectively [29, 30]. Participants
were categorized into 2 groups: normal (< 80 cm for
women, < 94 cm for men) and abdominaly obese (>80 cm
for women and > 94 cm for men).

The validity of self-reported weight, height and WC was
examined in a pilot study on 200 participants from the same
population. In the validation study, self-reported values of
anthropometric indices were compared with actual measured
values. The correlation coefficients for self-reported weight,
height and WC versus corresponding measured values were
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0.95 (P<0.001), 0.83 (P<0.001) and 0.60 (P<0.001),
respectively. The correlation coefficient for computed BMI
from self-reported values and the one from measured val-
ues was 0.70 (P <0.001). These data indicated that the self-
reported values of anthropometric measures provide a rea-
sonable measure for these indices.

Assessment of covariates

We used a self-administered questionnaire to collect infor-
mation about age, gender, marital status (single/married),
education (high school diploma or below/university gradu-
ated), smoking status (non-smoker/former smoker/current
smoker), family size (<4/>4 members), breakfast consump-
tion and home ownership (owner/non-owner). Those who
were consuming breakfast <4 times/week were defined as
breakfast skippers. To assess physical activity levels of par-
ticipants, we used the General Practice Physical Activity
Questionnaire (GPPAQ), a simple questionnaire reflecting
an individual’s current physical activity [31]. In the current
analysis, we categorized participants as having <1 h/week
or > 1 h/week of moderate physical activity.

Statistical analysis

We first obtained energy-adjusted DIL and DII by the use of
residual method. Then, we categorized men and women by
quintiles of energy-adjusted DIL and DII. One-way analy-
sis of variance (ANOVA) was used to examine significant
differences in continuous variables across quintiles of DIL
and DII. Chi square test was applied to assess the distribu-
tion of men and women in terms of categorical variables
across quintiles of DIL and DII. To compare food and nutri-
ent intakes across quintiles of DIL and DII, we used analysis
of covariance (ANCOVA). To find the association of DIL
and DII with general or abdominal obesity, binary logistic
regression was used in different models. In the first model,
age (continuous) and energy intake (continuous) were
adjusted for. Then we additionally adjusted for marital status
(single/married), education (high school diploma or below/
above high school diploma), smoking status (non-smoker/
former smoker/current smoker), family size (<4/>4 mem-
bers), physical activity (<1 h/week/>1 h/week), breakfast
skipping (< 4/> 4 times/week) and home ownership (owner/
non-owner). In all analyses, the first quintile of DIL and
DII was considered as the reference category. To compute
the overall trend of odds ratios across increasing quintiles
of DIL and DII, we used these quintiles as an ordinal vari-
able in the logistic regression models. All statistical analyses
were separately done for both genders using SPSS software
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(version 19.0; SPSS Inc, Chicago IL). P values were con-
sidered significant at < (0.05.

Results

Mean age of study participants was 36.8 + 8.1 years; 60.3%
were women. The prevalence of general obesity among
men and women was 9.0 and 9.6%, respectively. Abdomi-
nal obesity was prevalent among 13.4% of men and 34.1%
of women.

General characteristics of men and women across quin-
tiles of DIL and DII are provided in Table 1. Men in the
highest quintile of DIL and DII were more likely to be uni-
versity graduated and breakfast skipper compared with those
in the lowest quintile. Women in the top quintile, compared
with those in the bottom quintile of DIL, were more likely
to be university graduated, of small family size, breakfast
skipper and have a lower BMI, and less likely to be old,
married and generally obese. Conversely, women in the fifth
quintile of DII were more likely to be abdominally obese and
breakfast skipper compared with those in the first quintile.

Selected food and nutrient intakes of men and women
across quintiles of DIL and DII are presented in Table 2.
Men and women in the top quintile of DIL and DII had sig-
nificantly different intakes of some food groups and nutrients
compared with those in the bottom quintile. For instance,
men in the highest quintile of DII had greater intakes of
grains, carbohydrate, fiber, fructose, and folate as well as
lower intakes of white meat and fat compared with those in
the lowest quintile.

Multivariable-adjusted odds ratios for general and
abdominal obesity across quintiles of DIL and DII in men
and women are shown in Table 3. With regards to DIL, no
significant association with general and abdominal obe-
sity was seen among men. In addition, after controlling for
confounders, women in the highest quintile of DIL had no
greater odds of general and abdominal obesity compared
to those in the first quintile. Despite for decreasing odds
ratios across increasing quintiles of DIL in women in crude
model (P-trend=0.02), we did not observe such a trend
when covariates were taken into account (P-trend =0.15).

As shown in Table 3, men in the top quintile of DII were
not more likely to be generally overweight or obese com-
pared with those in the bottom quintile after controlling for
demographic characteristics. However, women in the highest
quintile of DII were more likely to be generally overweight
or obese compared with those in the first quintile even after
taking potential confounders into account. Despite a sig-
nificant increasing trend of odds ratios across increasing
quintiles of DII among women in models 1 and 2, similar
trend was not seen in the crude model. In addition to general
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Table 3 (continued)

&

Quintiles
of DII

Quintiles
of DIL
Q1

1

Springer

P°

Q5

Q4

Q3

Q2

QI

1

Q5

Q4

Q3

Q2

0.46

1.09 (0.80—
1.50)

0.78 (0.57— 0.97 (0.71-

0.91 (0.66—

0.99

0.88 (0.53-1.47) 0.86 (0.44—

0.77 (0.51-

0.72 (0.50—

Model 2°

1.32)

1.06)

1.25)

1.67)

1.17)

1.02)

Data are OR (95% CI)

DIL dietary insulin load, DII dietary insulin index

*Model 1: adjusted for age and energy intake

"Model 2: additionally adjusted for marital status, education, family size, smoking status, physical activity, home ownership and breakfast skipping

¢Obtained from ANOVA

obesity, no overall significant association was observed
between DII and abdominal obesity in women.

Discussion

This cross-sectional study provided the first evidence on
the association of DIL and DII with the risk of general and
abdominal obesity. Our findings demonstrated that a greater
DII might be positively associated with greater odds of gen-
eral obesity in women, but not in men. No significant asso-
ciation was found between DII and abdominal obesity. In
addition, there was no significant association between DIL
and general or abdominal obesity either before or after tak-
ing potential confounders into account.

DII, that has received great attention in recent years, has
been shown to be an appropriate indicator than glycemic
index (GI) in predicting the risk of chronic conditions. It is
directly based on insulin response, not other mediators [15,
32]. In the current study, we observed a significant positive
correlation between DII and odds of general obesity among
women, but not in men, in the highest quintile compared
with those in the lowest quintile. However, the trend of odds
ratios was not significant. This indicates that DII might not
be directly associated with obesity until it reaches specific
high values. This could be explained by the highly dynamic
process of insulin secretion which is regulated by various
factors including nutrients, hormones, and neuronal inputs
[33]. Similar to our observations, the DONALD study, an
ongoing cohort study carried out in Germany, demonstrated
that higher DIL and DII during puberty was associated with
a higher percent of body fat, but not BMI, in young adult-
hood [34]. Besides, it has been reported that DII was also
positively associated with lower plasma HDL and higher
triglyceride concentrations, especially in obese individuals;
however, no significant association was found between DII
and inflammation and several cancers [17, 35, 36]. Hyper-
insulinemia and insulin resistance play an important role in
the development of obesity, such that several studies have
indicated that a diet inducing elevated insulin response may
contribute to the development of several metabolic risk fac-
tors, including obesity [6, 37]. In addition, recent observa-
tional studies have suggested that diets which provoke lower
insulin secretion have a beneficial effect on various chronic
conditions and may prevent the development of unfavorable
body composition [7, 38]. Overall, it seems that further stud-
ies should be done in this area to shed light on this issue.

Mean DII and DIL values in the current study were 43.1
and 107,930 in men, and 42.4 and 98,275 in women, respec-
tively. Men and women in the highest quintile of DII had
DII values of greater than 49 and 47, respectively. Mean
DII value was 54.6 in men and 51.9 in women, respectively.
These values about DII are comparable to other studies.
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For instance, in the study of Nurses’ Health Study and the
Health Professionals Follow-Up Study, median DII was
41.7 in men, and 42.8 in women, respectively [17, 35, 39].
However, mean DIL values in our study were almost 1000
times greater than the ones reported in other studies. This
difference can be explained by the different methods used
to calculate DIL values in different studies. In the current
study, we used each gram of a given food in the formula to
compute DIL. Others used each serving of that food. This
could result in a big difference between studies. High con-
sumption of carbohydrate-containing foods, among Iranian
people might provide another reason for this difference.
Compared with other nations, Iranians take almost 62% of
their energy from carbohydrate-rich foods [40]. Differences
in the type of dietary assessment methods may be another
reason. In the current study, we applied a dish-based FFQ to
examine dietary intakes due to the culture of dietary habits
among Iranians. DIL values were developed to assess the
total quantity of insulinogenic food intake but they were not
designed to measure meal frequency and food combinations.

In the current study, we found a gender difference in
the relationship between DII and obesity. The underlying
mechanism for this gender discrepancy is unknown; how-
ever, it might be explained, at least in part, by the influ-
ence of gonadal steroids on body composition and appetite
[41]. Some studies have shown that the effects of changes
in estrogen levels on body composition and appetite may
be mediated by increases in the hypothalamic expression of
the orexigenic peptides neuropeptide Y (NPY) and agouti-
related peptide (AgRP) [42, 43]. Another reason for this gen-
der disparity might be the difference in plasma adiponectin
concentrations among females and males [44]. At any par-
ticular body size or body fat distribution, adiponectin con-
centrations are greater in women than in men. This finding
might also be attributed to the accuracy of reported dietary
intakes among women than in men. In the current study,
women had greater intakes of various food groups and nutri-
ents compared with men across the quintiles of DIL.

The potential mechanisms through which DII might influ-
ence obesity in unknown. A high DII may facilitate obesity
by stimulating more insulin secretion, which may reduce fat
oxidation and increase carbohydrate oxidation, leading to
increased fat storage [45]. Several studies have suggested
that reduced blood glucose fluctuations may lead to pro-
longed satiety and decreased energy intake [46, 47]. Indeed,
high-DII foods are rapidly digested, absorbed and trans-
formed into glucose [47], which results in transient surges
in blood glucose and insulin. This can cause the rapid fall
in glucose excursion which is often associated with reduced
satiety, quick return of hunger sensations and excessive
caloric intake [47]. However, that is not always the case
for all foods [48]. For instance, in terms of yoghurt, which
is a high-DII food, it is surprisingly digested and absorbed

slowly [49]. Moreover, not all high-DII foods are converted
into glucose. In addition, based on the involvement of gas-
trointestinal hormones, in particular incretin, low-DII diet
has been shown to play an important role in improving gly-
cemic control [50]. Experimental studies have indicated
that increased levels of cholecystokinin may favour a quick
absorption of carbohydrates and consequently induce a pro-
gressive accumulation of fat [51].

The association between dietary insulin indices and
obesity may be attributed to estrogen deficiency-related
mechanisms. Recent investigations suggested that in case of
estrogen deficient, estrogen receptors are involved in differ-
ent genomic, nongenomic, and mitochondrial mechanisms
through which they disturb insulin signaling and substrate
oxidation [52]. In addition, consumption of high glycemic
index diets results in insulin resistance, which is associated
with major depression [53]. Such psychological conditions
might lead to obesity through different mechanisms.

The main strength of this study was its large sample size
of adults. In addition, we controlled the analyses for several
potential confounders to reach an independent association
between DII and DIL and obesity. Gender-stratified analysis
along with the use of a validated FFQ for dietary assessment
are other strengths of this study. However, this study had
several limitations. The main limitation is the cross-sectional
design which prohibits inferring a causal link between DIL
and DII and obesity. As in cross-sectional studies data on
exposure and outcome are gathered simultaneously in a spe-
cific time point, prospective studies are necessary to confirm
our findings. In addition, participants with obesity may have
reduced their dietary intakes to lose weight. However, such
residual confounding effects may attenuate the risk esti-
mates, therefore, actual results may be even stronger than
those obtained. Although we controlled for several covari-
ates, taking other factors including menopausal status, hor-
mone therapy and psychological factors into account might
also be needed to reach an independent association between
DII and DIL and general and abdominal obesity. In addition,
despite the use of a validated FFQ for dietary assessment,
some degree of measurement errors and misclassification
may occur. This is also the case about the outcome of inter-
est in the current study. Even though our validation study
revealed a significant correlation between self-reported and
measured data on anthropometric indicators, some sort of
errors might also occur in this case [54]. Finally, due to the
limited number of foods with a tested FII value, for foods
that were not available in the database, we used the values
for similar foods; thus, further FII testing is needed in order
to confirm our findings in this study.

In conclusion, adherence to a diet with a high DII might
be positively associated with greater odds of general obesity
in women, but not in men. No significant association was
found between DII and abdominal obesity. The take-home

@ Springer
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message of this study would be the recommendation to
restrict insulin-stimulating nutrients in the dietary patterns
as an approach for preventing obesity. Given that our find-
ings are preliminary, we hope they stimulate further studies,
especially of prospective design, to shed light on this issue.
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