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Abstract

Background The hypothesis of the effect of the insulinogenic effects of diet on the development of cardiometabolic
disorders has been suggested, but limited data are available for adults with obesity. This study aimed to determine the
association of dietary insulin index (DIl) and dietary insulin load (DIL) with cardiometabolic risk factors among Iranian
adults with obesity.

Methods The study was conducted with a total of 347 adults aged 20-50 years in Tabriz, Iran. Usual dietary intake
was assessed through a validated 147-item food frequency questionnaire (FFQ). DIL was computed using published
food insulin index (FIl) data. DIl was calculated by dividing DIL by the total energy intake of each participant. Multina-
tional logistic regression analysis was performed to evaluate the association between DIl and DIL and cardiometabolic
risk factors.

Results Mean age of participants was 40.78 +9.23 y, and mean body mass index (BMI) was 32.62 +4.80 kg/m2. Mean
of DIl and DIL was 73.15+37.60 and 196,242 + 100,181. Participants with higher DIl had higher BMI, weight, waist
circumference (WC), and blood concentrations of triglyceride (TG) and Homeostasis model assessment insulin resist-
ance index (HOMA-IR) (P < 0.05). After taking potential confounders into account, DIL was positively associated with
MetS (OR: 2.58; 95% Cl: 1.03-6.46), and high blood pressure (OR: 1.61; 95% Cl: 1.13-6.56). Moreover, after adjustment
for potential confounders, moderate DIl was associated with increased odds of MetS (OR: 1.54, 95% Cl: 1.36-4.21), high
TG (OR, 1.25;95% Cl, 1.17-5.02), and high blood pressure (OR: 1.88; 95% Cl: 1.06-7.86).

Conclusion This population-based study revealed that adults with higher DIl and DIL associated with cardiometa-
bolic risk factors and consequently, replacement of high with low DIl and DIL may have reduce the risk of cardiometa-
bolic disorders. Further studies with longitudinal design are required to confirm these findings.
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Introduction

Cardiovascular diseases (CVDs) are the leading cause of
mortality worldwide and its treatment remains very chal-
lenging [1]. As highlighted in the literature, several fac-
tors such as obesity, hyperglycemia, insulin resistance,
dyslipidemia, and hypertension play important roles
in the origin of CVDs [2, 3]. While some risk factors of
CVDs such as genetic, gender, and age are uncontrol-
lable [4—6], there are behavioral risk factors such as low
physical activity, smoking, obesity, and poor dietary hab-
its, which account for more than 70% of the risk of CVDs
[7-10]. Evidence is emerging that a healthy dietary pat-
tern characterized by foods lower in refined sugars and
starches and higher in dietary fiber, mainly soluble fiber,
may be related to better health status, including better
glucose control and lower CVD risk factors such as total
cholesterol (TC), low-density lipoprotein cholesterol
(LDL-C) and triglyceride (TG) [11, 12]. Given the role
of diet, in CVDs, finding a dietary factor that might be
involved in this condition is of great interest.

Nowadays it is well established that dietary carbohy-
drate is the main factor that impacts postprandial glucose
levels and therefore plays an essential role in postpran-
dial insulin secretion [13]. Several studies have revealed
that high-carbohydrate diets, which cause high levels
of blood insulin and glucose, directly related to insulin
resistance, body fat stores, and unfavorable lipid profiles
[14-19]. These diets have been shown to raise fasting TG
levels, mainly by increasing hepatic synthesis of very low-
density lipoprotein, and reduce high-density lipoprotein
cholesterol (HDL-C) levels [20]. The insulinogenic effect
of diet is usually estimated by the glycemic load (GL) and
glycemic index (GI) [21]. The GI is a quantitative assess-
ment of a food’s carbohydrate content according to their
ability to raise postprandial blood glucose [21]. The con-
sumption of high GI diets leads to postprandial hyper-
insulinemia, which has been related to diabetes, obesity
and other CVDs risk factors, such as increased TC, and
TGs and reduced HDL-C levels [18, 22-24]. However,
it should also be noted that dietary GI and GL does not
reflect the effect of other dietary factors such as dietary
protein and fats. Nevertheless, these factors produced a
significant insulin response [25, 26].

Holt et al. [27] compared postprandial insulin responses
of different foods and introduced insulin indices such as
insulin load (DIL) and dietary insulin index (DII) for each
food according to its insulinemic influence in relation to
white bread as reference. While the GI provides valuable
data about the glycemic potential of foods, DII determine
the insulinogenic properties of several foods to measure
the postprandial insulin response induced by fat, car-
bohydrate, and protein consumption, is more appropri-
ate index compared with the GI for examining relations
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with several chronic diseases [27-31]. A cross-sectional
study that investigated 203 overweight/obese adolescents
has documented that higher DII and DIL were related to
higher risk of metabolically unhealthy obese [32]. Moreo-
ver, a study among Iranian adults indicated that DII and
DIL had no association with the risk of metabolic syn-
drome (MetS) [33]. Investigating the relationship of DII
with chronic diseases is mainly related to obesity since
stimulating more insulin release results in increased body
fat mass by decreasing fat oxidation and elevating carbo-
hydrate oxidation. Despite the relationship of DIL and
DII with numerous chronic diseases reported in previ-
ous studies [27-29, 34], as far as we know, no study has
investigated the association between DIL, DII, and car-
diometabolic risk factors among adults with obesity. So,
the aim of the current study was to assess the relationship
between DII, DIL and cardiometabolic risk factors in a
sample of adults with obesity.

Materials and methods

Study population

The current research is a cross-sectional study performed
in 347 healthy adults (145 females and 202 males) aged
18-50 years, in Tabriz and Tehran cities of Iran. The sam-
pling was performed using convenience method through
announcements. In our study population, subjects with
a BMI> 30 kg/ m? without prior history of drug or alco-
hol abuse, any presence of inflammations and infections,
cardiovascular or renal disorders, hypertension, thy-
roid diseases, and diabetes mellitus were invited to par-
ticipate in the study and were interviewed by a trained
dietitian. Individuals of age <18 years old or a history of
weight change (>5 kg) in the last 6 months, lactation and
pregnancy were excluded from this study. To compute
the sample size, the association between dietary quality
indices and obesity was considered as a key dependent
variable. The sample size calculation, using G-power soft-
ware was based on the correlation coefficient (r) of 0.25,
a=0.05, and power 80%, the minimum sample size was
290 and considering 15% drop-out, the final sample size
was 347 adults [35]. The study was received the approval
of the ethics committee (Registration: IR.TBZMED.
REC.1402.011) of Tabriz University of Medical Sciences.
All participants signed the informed consent form.

Demographic, anthropometric and biochemical
assessment

General information about demographic characteristics
(e.g., educational level, gender, history of smoking, mari-
tal status, and age) were obtained by using questionnaires
by a trained dietitian using face-to-face interview. The
IPAQ was used to measure the physical activity levels
of the participants. All anthropometric measures were
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carried out on same day for each participant by an expert
researcher. Body weight was measured using a Seca scale
(Seca, Germany) with a sensitivity of 0.1 kg and height
was measured to the nearest 0.1 cm, using a stadiometer.
BMI was measured as weight divided by squared height
(kg/m2). Waist circumference (WC) was measured in
the standing position at midway level between lower
rib margin and iliac crest using a constant tension tape
to the nearest 0.1 cm. Waist Hip ratio was measured as
WC divided by hip circumference. Fat mass (FM) and fat-
free mass (FFM) were measured by BIA analyzer (Tanita,
BC-418 MA, Tokyo, Japan). Systolic blood pressure (SBP)
and diastolic blood pressure (DBP) were measured twice
after the participants had been at rest for at least 15 min
in the seated position by using a standardized mercury
sphygmomanometer, and the average of the two meas-
urements was used in all analyses. After 10-12 h of fast-
ing, venous blood samples were taken into tubes between
7:00 am and 9:00 am. The samples were then separated by
centrifugation at 4600 rpm for 15 min at 4 °C, and were
frozen at -80 °C, in a freezer until analysis. HDL-C, TG,
and TC serum levels were assessed by enzymatic method
(Pars Azemoon Co., Tehran, Iran). Furthermore, LDL-C
calculated using the Friedewald’s equation [36]. Serum
levels of insulin were assayed using commercially avail-
able enzyme-linked immunosorbent assay kits (Bioassay
Technology Laboratory, Shanghai City, China), in accord-
ance with manufacturer’s instructions. Homeostatic
model assessment for insulin resistance (HOMA-IR) and
quantitative insulin sensitivity check index (QUICKI)
were calculated using the formula.

Dietary assessment

The validated semi-quantitative food frequency ques-
tionnaire (FFQ) of 147 food items was applied to collect
data on dietary intake [37]. An expert nutritionist asked
the study subjects to select the amount and frequency
of the consumption of each food during the former year
on an annual, monthly, weekly, or daily basis. Then, por-
tion sizes of foods were also converted to gram using
household measures. Because the Iranian Food Compo-
sition Table (FCT) provides a few data to analyze foods
for nutrients and energy, we used the US Department of
Agriculture (USDA) FCT.

Calculation of DIl and DIL

The food insulin index; for each food item was obtained
from published studies developed by Holt et al. [27], Bell
et al. [38], and Bao et al. [39]. The food insulin index is an
algorithm for ranking foods and estimates the incremen-
tal insulin area under the curve (AUC) over two hours
in response to the intake of a 1000-k] portion of the test
food divided by the AUC after intake of a 1000-k] portion
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of the reference food. To calculate DIL, we first estimated
the insulin load of each food using the following equa-
tion: Insulin load of a given food =insulin index of that
food x energy content of that food (KJ/d). By summing
up the insulin load of each food item, DIL was measured
for each subject. Then, we computed the DII for each
subject by dividing DIL by total energy consumption.

Statistical analyses

Statistical analysis was performed using SPSS version
21.0 (Armonk, NY, IBM Corp) and p-values <0.05) were
used to show statistical significance. DIL and DII were
adjusted for energy with the use of the residual method,
before categorizing into quartiles. All subjects were cat-
egorized according to quartiles of DII and DIL scores.
The first quartile of DII and DIL was taken as the refer-
ence category. Qualitative and quantitative variables were
described as percentages and Mean+SD, respectively.
The X test was used to evaluate the distribution of cat-
egorical variables across quartiles of DII and DIL and
One-way analysis of variance (ANOVA) was applied to
compare the continuous variables across quartiles of DII
and DIL. The multinomial logistic regression was applied
to determine the association between quartiles of DII,
DIL and cardiometabolic risk factors and also sex, age,
education, physical activity level, marital status, BMI, and
energy consumption as covariates.

Results

Participant characteristics

The mean+SD age of the subjects (145 females
and 202 males) was 40.78+9.23 vyears and BMI
was 32.62+4.80 kg/m2. Mean of DII and DIL was
73.15+37.60 and 196,242 +100,181. Baseline characteris-
tics of the individuals across quartiles of DII and DIL are
accessible in Table 1. Although most baseline variables
were similar in the quartiles of DII and DIL, participants
in the last quartile of DIL compared with participants in
the first quartile were older and had higher intake of fat,
carbohydrate, and protein (P<0.05). Participants in the
top quartile of DII compared with participants in the bot-
tom quartile had higher BMI, weight, and higher intake
of fat, carbohydrate, and protein (P<0.05). As shown in
Table 2, we did not observe any statistically significant
difference in biochemical parameters across quartiles
of DIL (P>0.05). However, those in the top quartile of
DII had higher WC, DBP and HOMA-IR concentra-
tion when compared with those in the bottom quartile
(P<0.05). Also, participants in the second quartile of DII
had higher blood TG concentration when compared with
those in the first quartile (P<0.05).



Page 4 of 10

(2023) 23:117

Vajdi et al. BMC Endocrine Disorders

2ouedYIUBIS JO [9A3] BY3 SE §0°0 > d d1edIpul

sanjeA pjog *(Qs) ueaw pue (Juadiad) Joquinu se pajudsaid aie elep sd|gelieA SNONUIIUOD pue [edloba1e) ‘sajqelieA [ed110ba1ed 10) 1531 dienbs-1yD) pue sajgeriea snonuizuod 1o} YAONY Aem-auo buisn pauielqo anje-d

X3apul ssew Apoq [jyg ‘ssew 9314 38y 44 ‘ssew 1ed 4

L0'0 vOSYFCL0EL  9SVCF¥L06 SSSCFSHEOL  €L6CFL0O/L S0'0 06/¥FSL/0L Z80EF LL'00L 8 SEF LY L6 LOTEFLS00L (6) ur014

L0'0  L9PSFLOOSL  /6€CF/TH8 09LEF69+0L  986CF L6/9 L0'0  v0¥9F 65Tl 06CEF79°€6 8Ly F89€6  SL'BEFOLL6 (6) 1e4

LO'0 9608LF /7079 68SOLFL0T0r ESELLFHTEI €996 FE9/LEE LO'0 86661 FEF90S  998ELF08TEY Y691 F0LS0F #1091 F€¥'891 (6) =1e1pAyog.ed

(%6£)69 (%£'65)CS (%8'£9)6S (%0£)09 (%6'€8)EL (%608)0L (%5'52)99 (%£°69)09 2169p 969]|0D <

©10)8L (%€ 07)S¢E (%T'TE)8C (%06l % 9LvL %% 61)L1 (9£'70)0C (%5'82)5¢ ewodip/|ooyds ybiH >

)0 )0 (00 (%8). )0 (00 %611 (%8 1)1 SEIE

900 780 (%) uonesnp3

LE0 (%£'68)8L (%+'£8)9/ (%¥'£8)9/ (%£'92)99 190 (961 £8)9L (%£'68)8L (9%1'58)S/ (%1'6£)89 paLLe
(%) smiess [eysey

®E€DLIT  (%90€)799C (%2061 to)le (%S0)TT (%¥€)6C (%6'81)91 (%t'10)61 ubIH

(9Ce)8¢C (%CC0)6l %L €01 (%2€)LT (S1'80¥C %L 1)S1 (%1°2€)8¢ %l'Ce)LT wnipay

(% ¥1)8€ (%C 1Y)y (%TYS)Ly (%¥)8€ (%6'9%) L7 (%6'87)€¥ %L 67)et (%t 9)0F MO
180 670 (%) Auande jedisAyq
610  YOTLFECEY  OFLLF6S19 SLTLFSLL9  TSTLFSEL9 680  9lTLFLEE9 OF LLFZ879 GOCLFOSL9  LLELFSYL9 () W44
860 856 F LOYE CE6FOCEE 900L FO0YE 61/ F89¢€ 060 0S8F LL'vE 151 F96CE 0£6FSTre €90l Feoee () W4
€00 OSYLFS8Y6  6CSLFESE6  LTPLFYC06  O0TELFLS68 0F0  60GLF8668 WOLF LY'T6 YSSLFYFT6  LO9LFE9E6 (63) brom
100 687 F5o€e LUSFegee 9¥F69'LE lTyFesle Lo 0EYFETLE Ly FesTe orsFeree 6LSFLLEE (;W/B)INg
LS0 (%€'95)61 (%€°95)61 (%T'SS)8Y (%1'59)95 870 (% S5)8Y (%8'65)2S (%C'SS)8Y (%8Y) ¥S (°pwW) Jopus
L0 988F IS LY SE6F6TTY Y6 F 2068 Y6 F 050 S0°0 SO6FE0EH 9E'8F 00 806 F6901 896 F St6€ (s1eak) aby
L11'96< L 1'96-95'69 95'69-88'/¥7 88 /7> 61/ CEC< 61/CEC—1088/81l 788 /8l —9£C8¥SL 9678 ¥S51 > sabues
anjead  (L8=N)¥D (L8=N)€ED (£L8=N)ZO (98=N)LD @nead (L8=N)+0 (£8=N) €D (£8=N)TO (98=N)LD sa|qeliep

113 jo s3|31end

11a 40 s9|nsend

(/€ =U) |Q pue 7|g paisnipe-ABiaua jo sajienb ssoide uonejndod Apnis jo sonsiialoeleyd aulsseg | ajqeL



Page 5 of 10

(2023) 23:117

Vajdi et al. BMC Endocrine Disorders

2ouedYIUBIS JO [9A3)
9Y3 Se G0'0 > d 1eDIPUI SIN|BA P|Og "SUOIIBIASP pIRpUE]S F SUBSW Y3 Se pajudsald die S3|eeA SNONURUO)) ‘sd|qelieA [eD110631ed 10y 1s3) denbs-1yD) pue ‘sa|gelieA snonuiuod 10y YAONY Aem-auo Buisn pauieqo anjea-d

ainssaud

poojq d1j01seIq 9@ ‘inssaid poojq d1j0isAS 4gs ‘1ebns poojq Buiiseq sg4 ‘|osaisajoyd uraioidodi] Ausuap-ybiH J-71gH ‘|0191s9]0yd [e10] )1 ‘Dp1RdK|6LI] D] ‘O11el diy 1SIBA YHM ‘@IUBISJWINDIID ISIEA DA SUOIDIARIGQY

€C0 €00FEC0 Y00FCE0 C00FC€0 €00FEE0 80 YO0+CE0 €00FC€0 €00FEE0 €00FEE0 MDINO
S0°0 60S+6LY CLTF8TE [81F99°¢ 08c+8re €€0 6CSF LYY L9CF¥6e L9CFSSE LTTFOEE dI-YIWOH
SL0 SCOLFLLYL Ly ICFEL6L Y9 LF56'61 SLTLFLTSL 6%°0 €6'LTFO66LL 8TCLF8TLIL GL0LFS9GL LI6F9STL (Qui/n) unsul
€0 LTOLF0SPY L86F LTy LL8F96°Ey 9T6F €9y €C0 L60LFS8TY €8'8F900€Y 958F 606y  vF6F6C T (P/Bw)D-1AH
€0 98'GEF /69T Lg'LEFP8ICL GCCeEF980CL 65°9CF900C!L S0 89eF 1£9CL cLoEFLELCL LLLEF66'SCL €€/CFS00TL  (Ip/Bw) D-107
<00 CSOLLFTSLLL 098 F 1GCSL TLLFYSSYL 98 C6FSSrEL 010 8¥'S0L F56'991 0SOLF¥88GL 90C9F8TEEL 19S6F8LLSL (1p/Buw) 51
600 ey F 196l {8'GEFC0661 G99€F09/8L €L0EF 15981 00 Oy Fiieol 86'SEFICCOL 6C6E£F85C6L 868CF /Y /8L (1p/Buw) DL
950 SOLLFCLLG 98T F0CS6 0SCLFETL6 Y061 F80C6 0€0 €8'87F6£'56 SSLLFL6'L6 LITLFCr06  +88LFCST6 (1p/buw) sg4
00 LVOLFGEE] EEELFYOE] €501 F788L EgLLF6818 €e0 LSLLFPLC8 67 LLF 1808 L8ZLFLSE  COLLFeo08  (BHWW)49a
Lo 6L YL F/9€ECL 898LFYovCL LEVLFIVOLL 9691 F9C vl 970 olZLFSEECL lceLF LT IeL OL6LFZL YL OFSLF80TZL  (BHWW) dgs
S50 900+ 160 L00F€60 800+¢€60 800+¢60 SC0 L00FT60 L00F€60 800F 160 900+€60 dHM
00 SYOLF¢/801 0€0L+0£0L LC6F Y501 08+ SCS01 610 SPOLF0E/L0L 660L+5C80L LSLFSEQL  006F¥CSOL (W2) DM
800 (%Cry)8E (%E8YICy (%6'60)9C (%L 07)SE 800 (%€ 8Y)cy (%6'L7)9€ (%6'62)9C (%ev)LE (%) S1SW
1196 < 11'96-95'69 95'69-88'LY 88y > 61/ CEC< 61LCEC—(88 /8l (88/8l—9€C8¥SIL 98 ¥Sl > sabuel D

onjea-4 (£8=N) ¥O (£8=N) €0 (£8=N) 7D (98=N) LD onjeA-d (£8=N) ¥O (£8=N) €0 (£8=N)TO (98=N) LD so|qelep

113 Jo s3|nend

11a jo sajnIenpd

(L€ =U) |IQ pue 7|g pa1sn(pe-ABIsus JO S3|11ieND SSOIDE S3INSesW [edIwayd0Ig pue dU1swWodolyiuy € ajqeL



Vajdi et al. BMC Endocrine Disorders (2023) 23:117

Association between DIl and DIL and cardiometabolic risk
factors

Multivariable-adjusted odds ratios (ORs) for cardio-
metabolic risk factors across quartiles of DII and DIL
have been indicated in Table 3. In the adjusted model
1, participants in the top quartile of the DIL tended to
have 2.58-fold higher odds for MetS compared with par-
ticipants in the lowest quartile (OR: 2.58; 95% CI: 1.03—
6.46). Moreover, in adjusted model 1, we found that those
in the top quartile of the DIL had the higher odds of high
blood pressure compared with participants in the bot-
tom quartile (OR: 1.61; 95% CI: 1.13-6.56). However, no
significant association was observed between other car-
diometabolic risk factors and DIL. No significant rela-
tionship was observed between DII and risk of MetS.
Nevertheless, after adjusted potential confounders, par-
ticipants in the top quartile of DII had greater risks for
having MetS compared with those in the first quartile
(OR: 1.54, 95% CI: 1.36—4.21). In the case of blood TG,
in the unadjusted model (OR, 1.21; 95% CI, 1.15-5.78)
and after adjustment for potential confounders (OR, 1.25;
95% CI, 1.17-5.02), those in the highest quartile of DII
had significantly higher risks for higher TG levels com-
pared with participants in the lowest quartile. Moreo-
ver, after adjustment for potential confounders such as
age, gender, education, occupation, marital status, and
physical activity, participants in the last quartile of DII
had higher risks of elevated blood pressure compared
with those in first category (OR: 1.88; 95% CI: 1.06-7.86),
although this relationship did not remain after the full
multivariate adjustment (OR: 1.52; 95% CI: 0.91-5.53).

Discussion

To our best of knowledge, the current cross-sectional
study is the first try to focus on the relationship of DIL
and DII assessed by FFQ and cardiometabolic risk factors
among Iranian adults with obesity. Our results revealed
that a higher DIL score might be positively related to
greater risks of MetS, and higher blood pressure. Also,
a higher DII score might be related to higher odds of
MetS, higher TG concentrations, and higher blood pres-
sure. Furthermore, there was no significant relationship
between DII, DIL and higher WC, higher TC, and lower
HDL-C either after or before taking potential covariates
into account. Individuals with a higher DII score had
higher BMI, weight, WC, blood concentrations of TG,
and HOMA-IR.

Notwithstanding different approaches for assessing the
insulinemic potential of foods, DII and DIL have attracted
much international attention in recent decade [27, 39];
results from several studies have revealed that these indi-
ces are more truthful insulin response predictors to a
mixed meal than other approaches [27, 40, 41]. Previous
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observational studies have examined the relationship
between DIL and DII, cardiometabolic risk factors, type
2 diabetes mellitus, CVD, MetS, but the results of these
studies has been controversial [42—44]. This may be due
to that insulin resistance status and BMI seemed to mod-
ify the relationship between DIL, DII, and metabolic dis-
orders [44, 45]. Nevertheless, no study has so far explored
DII or DIL in relation to cardiometabolic risk factors as
an outcome among Iranian adults with obesity. Insulin
resistance and its associated abnormalities are impor-
tant risk factor for development of complication in peo-
ple with obesity so early detection and intervention are
important, previous studies have reported that a diet that
increased insulin level may increase metabolic risk factors
[46, 47]. In the current study, significant positive relations
were observed between DII and DIL and risk of MetS and
higher blood pressure. This may be the result of oscilla-
tions of insulin secretion which is controlled by several
factors including neuronal inputs, hormones, and nutri-
ents [39, 48]. Several mechanisms have been proposed to
explain the association of DII and DIL with risk of meta-
bolic diseases. A diet with high DII and DIL may increase
central obesity by reducing insulin sensitivity, which may,
in turn, decrease lipolysis, resulting in augmented fat stor-
age and therefore an increased risk of MetS [49]. Further-
more, as potentially high insulinemic foods have a high
rate of absorption, digestion, and conversion to glucose,
these foods would quickly increase the blood glucose and
blood insulin and, therefore, decrease glucose excursion
[50]. Anjom-Shoae et al. [44] showed no significant rela-
tionship between DII, DIL, and risk of obesity. Hyperin-
sulinemia has proposed increasing sympathetic nervous
system activity, which increases heart rate, sodium reten-
tion, cardiac output, and consequently blood pressure
[51]. Indeed, diets with high fructose are related to higher
blood pressure and increases in sympathetic tone [52, 53],
whereas increased glucose consumption is also related to
increases in basal heart rate [54]. In addition, a meta-anal-
ysis by Evans et al. [55] showed that a reduction in GI was
effective at reducing SBP and DBP. Some of the underly-
ing mechanistic pathways are illustrated in Fig. 1.

We found that higher DII was meaningfully associ-
ated with higher risk of higher TG, even after adjust-
ment for several covariates. Earlier studies have reported
that GL or GI positively predict plasma TGs [56—-58]. In
line with our study, Nimptsch et al. [59] shown that DII
was not related to glycated hemoglobin, and LDL-C, but
a significant relationship was seen between DII with TG
levels and HDL-C levels. In another study, by Joslowski
et al. [60] a higher DIL and DII were related to higher
body fat % in adulthood. Furthermore, two clinical trials
reported that the diets with low GI had favorable effects
on MetS components [61, 62]. It is proposed that a high
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Fig. 1 The mechanistic pathways of dietary DIl and DIL in developing obesity and obesity related co-morbidities

DII and DIL during a long time period may increase insu-
lin growth factor-1 and insulin secretion that may lead to
body fat formation [60]. Low fat and high carbohydrate
consumption have been related to higher TG and lower
HDL-C levels [63, 64]. Another study reported that DII
was related to enhance postprandial blood glucose with-
out increased odds of hypoglycemia [65]. Nevertheless,
a cross-sectional study found no relationship between
the DII and glycemic control in adults [59]. The incon-
sistency might be attributed to different tools used for
assessment of dietary intake, different confounders, and
different study populations. Moreover, different food pro-
cessing conditions in different cultures can be additional
cause for the inconsistency. Intake of bread and rice that
are insulinogenic foods is high in Iranian population and
may another reason for this difference. Iranians receive
approximately 62% of their energy intake from carbohy-
drates, which is significantly higher than other popula-
tions [66]. High insulinemic foods cause rapid rise and
reduction in blood insulin and glucose [50]. This can
decrease satiety and increased risk of obesity [67]. Mean
DII and DIL scores in the present study were 73.15 and
196,242, respectively. DII scores in this study are close
to other studies. For example, in the study by Nimptsch
et al. [59] median DII was 42.8 in women and 41.7 in men.
Nevertheless, DIL scores are much higher than other sim-
ilar studies. This difference can be described by different
approaches to calculate DII and DIL scores in different
studies. For instance, similar studies used each serving of
food while in this study; each gram of a given food was
used in standard formula to calculate DII and DIL.

Strengths and limitations

Several strengths of this study include an adjustment
for several potential covariates in the analysis, being
the first study among adults with obesity, and using a
validated FFQ for constructing DII and DIL. However,
several limitations should be noted. The present study
was carried out in a cross-sectional design, which is
prone to misclassification, selection bias, and response
bias and would not allow us to infer causality. Although
we used a validated FFQ, reporting of dietary con-
sumption can still be subject to measurement error
and recall bias. Therefore, the results of this study may
not represent all adults with obesity. Although we have
adjusted for several lifestyle factors, it is possible that
mistakes in evaluating covariates may have led to resid-
ual confounding of the relations. Moreover, we did not
observe a significant association between DII and DIL
and odds of high WC, which may be due to the study
only included obese individuals. Finally, in this study,
LDL-C was calculated using Friedewald’s formula. This
may subsequently leads to underestimation of calcu-
lated LDL-C.

Conclusion

In conclusion, this population-based study revealed that
adults with higher DII and DIL associated with cardio-
metabolic risk factors such as MetS, high TG, and hyper-
tension and consequently, replacement of high with low
DII and DIL may have reduce the risk of cardiometabolic
disorders. Further studies with longitudinal design are
required to confirm these findings.
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