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Abstract 

Background  We examined the cross-sectional associations of dietary Glycemic Index (GI), Glycemic Load (GL), 
Dietary Insulin Index (DII), and Dietary Insulin Load (DIL) with cardiovascular disease (CVD) factors in subjects 
with atherosclerosis.

Methods  The present cross-sectional study was conducted on subjects with atherosclerosis. Regular dietary intake 
was assessed using a 168-item semi-quantitative food frequency questionnaire (FFQ) and GI, GL, DIL, and DII were 
also calculated. Odds Ratio (OR) and 95% Confidence Intervals (CIs) were estimated for general and central obesity 
according to the GI, GL, DII, and DIL.

Results  According to the continuous score of GL, there was a significant positive association between GL and cen-
tral obesity for women in all models. Regarding the association between DIL score and biochemical variables, 
there was a significant positive association between Na and Aspartate transaminase (AST) with DII. Moreover, there 
was a significant positive association between LDL-c(p = 0.03) and AST (p = 0.04)with DIL score in all 3 models.

Conclusion  In this study, GL was associated with greater odds of central obesity in women, but not in men. Nei-
ther dietary DII nor DIL was associated with BMI and central obesity. GI, GL, DII, and DIL were significantly associated 
with some CVD risk biomarkers in subjects with atherosclerosis.
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Background
Atherosclerosis, the main pathological process of most 
CVD, is a long-lasting process beginning in the early dec-
ades [1], whilst various factors are associated with the 
progression of CVD, such as high glucose levels, insu-
lin resistance, high blood pressure, obesity, and dyslipi-
demia; which are known to be modifiable via alterations 
in lifestyle and dietary intake [2–5]. Nutritional quality 
and dietary patterns that influence CVD risk constitute 
a major target of CVD prevention strategies [6, 7]; how-
ever, the optimal dietary pattern to ameliorate the devel-
opment of atherosclerosis is not well determined [8]. 
Based on epidemiological studies, a reduction in intake 
of total fat, particularly saturated fatty acids, is generally 
agreed [8–10]. Recommendations to reduce fat intake 
for CVD prevention usually contribute to raised carbo-
hydrate intake [11]; however, carbohydrate-rich diets, 
per se, have been shown to increase fasting insulin lev-
els versus lower-carbohydrate diets [12, 13]. Chronic 
hyperinsulinemia is a precursor to obesity, is associated 
with adipose dysfunctions, and augments meta-inflam-
mation in adipose tissue [14]. The glycemic index (GI), 
as a measure of carbohydrate quality [13], and Glycemic 
load (GL), as a measure that incorporates both the quan-
tity and quality of dietary carbohydrates [15], have been 
associated with increased risk of CVD, stroke, and type 
2 diabetes, particularly among overweight individuals 
via adverse effects on blood lipids and systemic inflam-
mation [15–18]. Findings from the Nurses’ Health Study 
suggested that high GL was positively associated with 
CVD risk, and subsequently with hemorrhagic stroke in 
overweight women [19]. However, the findings of other 
studies do not support the association of high GI and 
high GL diet with CVD risk factors [20–23].

Dietary Insulin Index (DII) is a novel algorithm of rank-
ing foods based on their postprandial insulin response 
to isoenergetic components of foods in comparison to a 
reference food (analogous to the glycemic index, using 
either glucose or white bread) [24, 25]. Dietary Insulin 
Load (DIL) represents another dietary index that is com-
puted by multiplying the DII value of each food by its 
energy content and the consumption frequency of each 
food [26]. Bell et al. found an association between adher-
ence to a diet with a high insulin index with improved 
postprandial glycaemia without an increased risk of 
hypoglycemia among diabetic patients [27]. Additionally, 
Nimptsch et  al. showed an inverse association between 
DIL and high-density lipoprotein cholesterol (HDL-c) 
and a positive association between DIL and triglyceride 
level, especially in individuals with obesity [28].

Despite the relatively well-accepted association of DII 
and DIL with several chronic conditions, as seen in ear-
lier studies, to our knowledge, there is no study that has 

examined the association between DII, DIL, and bio-
chemical indexes among subjects with atherosclerosis. 
Given the high prevalence of atherosclerosis and its com-
plications, we examined the cross-sectional associations 
of dietary GI, GL, DII, and DIL with body mass index 
(BMI), waist circumference (WC), blood lipids, fasting 
blood sugar, creatinine, blood urea nitrogen (BUN), ala-
nine aminotransferase (ALT), aspartate aminotransferase 
(AST), Atherogenic index of plasma (AIP), and electro-
lytes, in subjects with atherosclerosis.

Methods and materials
Participants and study design
The present cross-sectional study was conducted on 315 
subjects (54% men) with atherosclerosis. In this study, 
the association between GL, GI, DII and DIL and cardio-
metabolic risk factors was assessed. We applied clustered 
random sampling to select subjects referred to four health 
centers in the Ahvaz Jundishapur University of Medical 
Science, Iran. Inclusion criteria were; aged 20 years and 
older, nonimmigrant, having atherosclerosis diseases, 
having no cancer(s), diabetes, liver, kidney, thyroid, and 
gastrointestinal disorders, no adherence to specific or 
prescribed diets, no smoking, no alcohol consumption, 
no use of any supplements, and no weight changes in 
the preceding 6  months. We excluded 34 participants 
for the following reasons; unwillingness to participate 
in the study, not responding to more than 35 food items 
in the Food Frequency Questionnaire (FFQ), incomplete 
demographic or anthropometric data, and reporting 
a diet with a total energy intake less than 800  kcal and 
more than 4200  kcal. Demographic and physical activ-
ity data were also collected through a questionnaire. The 
demographic questionnaire included the subjects’ soci-
odemographic information such as age, marital status, 
sex, education, economic status, menopause situation 
(yes or no), duration of menopause (yrs.), coffee con-
sumption, and use of medical pillow; whilst to assess the 
level of the physical activity of the participants, the short 
form of the International Physical Activity Question-
naire (IPAQ) was applied through interviewing, and the 
results were expressed as metabolic equivalent hours per 
week (METs hr/wk) [29, 30]. The validity of the Persian 
translation of the short form IPAQ has been confirmed 
by Dashti et  al. (Cronbach’s alpha = 0.7 and test–retest 
reliability coefficient = 0.9) [31].

Sample size
The sample size was determined based on BMI 
(mean = 26.6 and SD = 5.1) as the primary outcome 
obtained from Hosseinpour-Niazi et  al. [32]. The sam-
ple size was computed using the following formula: N = [ 
(z1-α/2)2 × sd2]/d2 (α = 0.05, confidence level of 95% and 
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d = 2%), equating to250 subjects, finally 315 subjects were 
recruited.

Dietary assessment
Trained nutritionists obtained the participants’ usual die-
tary intake through face-to-face interviews. A reliable and 
valid 168-item semi-quantitative FFQ, with standard serv-
ings, was used to assess typical dietary intakes [33]. The 
consumption frequency of each food item was asked on 
a daily, weekly, or monthly basis during the past year, and 
then the portion size of each food reported in household 
measures was converted to grams per day. Total energy and 
nutrient intake were then calculated using an adapted ver-
sion of Nutritionist IV software (the Hearst Corporation, 
San Bruno, CA), as modified for Iranian foods.

DII and DIL calculation
Food insulin index refers to the incremental insulin area 
under the curve over 120 min in response to the intake of 
approximately a 1000 kJ (239 kcal) portion of the test food, 
divided by the area below the curve after consumption of a 
1000-kJ (239 kcal) portion of the reference food [24]. The 
insulin index for 68 food items was acquired from previ-
ous studies [24, 25, 34]. The insulin index for tea, coffee and 
salt was considered 0 because the energy and macronutri-
ent content of these foods are near 0. Moreover, for items 
that were not available in the mentioned food list, the food 
insulin index of similar items was considered. For example, 
both dates and raisins are dried fruits. The energy, carbo-
hydrate, fat, protein and fiber contents of both fruits are 
similar to each other. Thus, insulin index of raisins was 
used for dates. The average insulin load during the previ-
ous year was calculated from the FFQ data by multiplying 
the insulin index of each food by its energy content per 1 g 
and the amount of that food consumed (g/d). By summing 
the insulin load of each food, DIL was obtained for each 
person; then DII was computed by dividing DIL by total 
energy intake as follows [35]:

GI and GL calculation
Total dietary GI was computed using the following for-
mula [36]:

The GI value of each food item was derived from the 
international tables of GI [37], the Iranian GI table [38], 

Insulinindexoffood = DIL÷{ [energycontentoffood×frequencyoffoodconsumption×servingoffood/day]}

DietaryGI = [(carbohydratecontentoffooditem)×(numberofservings/d)×(GIoffooditem)]/totaldailycarbohydrateintake

DietaryGL = (carbohydratecontentofeachfooditem)×(numberofservings/d)×(GI)

and the GI online database maintained by the Univer-
sity of Sydney [39]. For foods in which a GI value was 
not available, they were estimated based on most physi-
cally and chemically similar food items. White bread 
(GI = 100) was considered as the reference food for all 
derived GI values. As suggested by Willett and Stampfer, 
we applied the energy-adjusted amount of total carbohy-
drate intake calculated through the residual method [40].

Anthropometric assessment
WC, as central obesity index, was measured in a standing 
position using an anthropometric tape measure, with an 
accuracy of 1.0  cm, above the iliac crest, just below the 
lowest rib margin at the end of the regular expiration; 
whilst for hip circumference, the tape was placed around 
the point with the maximum circumference over the but-
tocks [29, 41]. Men with WC > 102 cm and women with 
WC > 88  cm are at higher risk of obesity disorders than 
those below these thresholds [42–44]. Bodyweight and 
height were measured using a Seca scale with an accu-
racy of 100 gr and a Seca stadiometer with an accuracy of 
0.5 cm, respectively; subsequently, BMI, as general obe-
sity index, was computed as the body weight (kg) divided 
by the square of height (m) [45, 46].

Biochemical analyses
For biochemical analyses, 5 cc fasting blood samples 
were drawn from each participant. Fasting blood glu-
cose (FBS), TG (CV interassay = 1.6%), total cholesterol 
(CV interassay = 2%), HDL-c (CV interassay = 1.8%), 
and low-density lipoprotein-cholesterol (LDL-c) (CV 
interassay = 1.29%) were evaluated by the enzymatic 
method with kits from Pars-Azmoon (Tehran, Iran). 
Creatinine (Cr) (CV interassay = 3.63%), Blood Urea 
Nitrogen (BUN) (CV interassay = 5.79%), liver enzymes 
including ALP (Alkaline phosphatase) (CV interas-
say = 1.6%), alanine aminotransferase (ALT) (CV interas-
say = 3.08%), and aspartate aminotransferase (AST) (CV 

interassay = 4.4%) levels were evaluated in autoanalyser 
(Roche Cobas Integra 401 plus) using ready to used rea-
gents procured from Roche company. Serum electrolytes 

such as Na and K were determined by the enzymatic 
method using kits from Pars-Azmoon (Tehran, Iran) and 
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Autoanalyzer system. The atherogenic index of plasma 
(AIP) was calculated as the logarithm of the molar ratio 
of TG/ HDL-C [47].

Statistical analysis
All statistical analyses were performed using IBM SPSS 
Statistics software version 24 (IBM SPSS Statistics, 
Armonk, USA). P < 0.05 was, a priori, considered as 
statistically significant. The normality of variables was 
evaluated using the Kolmogorov–Smirnov test. Energy-
adjusted dietary GI, GL, DII, and DIL scores were cat-
egorized into quartiles. The significant differences in 
variables across the quartiles of GI, GL, DII, and DIL 
were determined using One-way analysis of variance 
(ANOVA) for quantitative variables and the chi-square 
test for qualitative variables. To determine the associa-
tion between GI, GL, DII, and DIL score with metabolic 
parameters in atherosclerosis subjects, linear regression 
analysis was used (3 models; Model 1, linear regression 
analysis without adjustment; Model 2, linear regres-
sion analysis with adjustment for energy intake; Model 
3, linear regression analysis with correction for age, sex, 
energy intake, physical activity, race, BMI, WC, marital 
status, and education). The odds ratios (95%CI) for gen-
eral and visceral obesity according to the GI, GL, DII, 
and DIL score were evaluated using multivariable logis-
tic regression (3 models; Model 1, unadjusted; Model 2, 
adjusted for energy intake; Model 3, adjustment for age, 
sex, energy intake, physical activity, race, BMI, WC, mar-
ital status and education).

Results
The characteristics of participants across quartiles of GI, 
GL, DII, and DIL
The characteristics of participants across quartiles of GI, 
GL, DII, and DIL are illustrated in Table 1 and Table 2. 
The mean age of study participants was 58 ± 11  years, 
whilst obesity was evident in 26% of men and 28% of 
women. Those in GI quartile 4 had significantly higher 
FBS, Cholesterol, LDL-c, Cr, ALT, AST, and AIP com-
pared to those in quartile 1 (p < 0.05). Moreover, those in 
GL quartile 4 had significantly higher values for weight, 
BMI, WC, FBS, Cholesterol, LDL-c, BUN, Cr, ALT, and 
AST compared to those in quartile 1 (p < 0.05). How-
ever, those in GL and GI quartile 1 had significantly 
higher HDL-c compared to those in quartile 4 (p < 0.05). 
(Table 1).

As shown in Table 2, the differences in WC, TG, HDL, 
and AIP were significant between DII quartiles (p < 0.05). 
Moreover, those in DIL quartile 4 had significantly higher 
WC, FBS, Cholesterol, LDL-c, Cr, ALT, and AST, com-
pared to those in quartile 1 (p < 0.05). The number of 
participants with a BMI ≥ 30  kg/m2 was significantly 

higher in DIL quartile 4 compared to those in quartile 
1(p < 0.05).

Dietary intake of participants across quartiles of GI, GL, DII, 
and DIL
The mean ± SD of energy, macronutrient, and food 
groups at baseline across quartiles of GI, GL, DII, and 
DIL scores are shown in Table 3 and Table 4.

Across increasing GI quartiles, participants had lower 
energy intake, refined grain, whole grain, processed meat, 
fruit, and nut intake (p < 0.05). Whist across increas-
ing GL quartiles, participants had greater intake of total 
protein, total carbohydrate, refined grain, whole grain, 
red meat, white meat, beans, dairy and sweets (p < 0.05). 
(Table 3).

As shown in Table 4, those in DII quartile 1 had signifi-
cantly more energy intake, intake of total carbohydrate, 
total protein, total fat, refined grain, processed meat, 
white meat, dairy, and nuts, compared to those in quar-
tile 4 (p < 0.05). Across increasing DIL quartiles, partici-
pants had higher energy intake, intake of total fat, whole 
grain, red meat, dairy, vegetable, fruit, and nuts (p < 0.05). 
(Table 4).

Relationship between GI, GL, DII, and DIL scores 
and metabolic indices
The associations between GI, GL, DII, and DIL score 
(independent variables) with metabolic parameters 
(dependent variables) in atherosclerosis subjects are 
presented in Table  5. According to quartiles of the GI, 
there was a significant positive association between GI 
score and FBS, cholesterol, creatinine, AST, ALT, and 
AIP in all 3 models, model 1(unadjusted), model 2, and 
model 3(p < 0.05). Regarding the association between 
GI score and HDL-c, in the all 3 models, there was a 
significant negative association between these two vari-
ables (model 1(unadjusted): β-Coefficients = -0.69 and 
p < 0.001, model 2: β-Coefficients = -0.62 and p < 0.001, 
and model 3: β-Coefficients = -0.64 and p < 0.001). 
Regarding the association between GI score and LDL-c, 
in the unadjusted model, there was no significant asso-
ciation between these two variables (β-Coefficients = 1.01 
and p = 0.09). However, in the models 2 and 3, there was 
a significant positive association between GI and LDL-c 
(model 1: β-Coefficients = 2.54 and p < 0.001, model 2: 
β-Coefficients = 2.28 and p < 0.001).

According to quartiles of the GL, there was a sig-
nificant positive association between GL score and 
FBS, TG, cholesterol, LDL-c, BUN, creatinine, K, 
AST, ALT, and AIP in all 3 models, model 1(unad-
justed), model 2, and model 3(p < 0.05). In the unad-
justed model, there was no significant association 
between GL and HDL-c (β-Coefficients = 0.007 and 
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p = 0.13). While in the adjusted models, there was a sig-
nificant negative association between GL and HDL-c 
(model 2: β-Coefficients = -0.02 and p = 0.002, model 3: 
β-Coefficients = -0.02 and p = 0.001). (Table 5).

Regarding the association between DII score and 
metabolic parameters, in all 3 models, there was a 
significant positive association between Na and AST 
with DII score (p < 0.05). LDL-c had a significant 
association with DII score only in adjusted Model 2 
(β-Coefficients = 0.72 and p = 0.02). The significant neg-
ative association between HDL-c and DII score in the 
crude model (β-Coefficients = -0.1and p = 0.03) disap-
peared in the adjusted Models. (Table 5).

Regarding the association between DIL score and 
metabolic parameters, there was a significant positive 
association between LDL-c and AST with DIL score in 
all 3 models (p < 0.05). Na had a weak association with 
DIL in the unadjusted model and Model 1(p = 0.05). A 
significant positive association was observed between 
Cr and FBS with DIL in the crude Model (p < 0.05) only. 
Further, the significant association between Cholesterol 
and DIL in the unadjusted Model (p < 0.011) and Model 
2(p = 0.030 disappeared in Model 3. (Table 5).

Odds ratios (95%CI) for general and visceral obesity 
(dependent variables) according to the GI, GL, DII, 
and DIL score (independent variables among partici-
pants) are shown in Table 6. In all subjects, no signifi-
cant association was observed between GI, GL, and 
general obesity, and in men no significant association 
was observed between GI, GL, and central obesity in all 
models (p > 0.05).

According to the continuous score of GL, there was a 
significant positive association between GL and central 
obesity for women in all 3 models: model 1 or unad-
justed model, model 2, and model 3 (OR = 1.55 (CI: 
1.12–2.15), OR = 1.69 (CI: 1.09–2.63), and OR = 1.93 
(CI: 1.13–3.28), respectively. A positive association was 
found in all models between DII and DIL with central 
obesity, but it was not statistically significant in either 
gender (p ≥ 0.05). (Table 6).

Discussion
To our knowledge, this is the first study in which body 
mass index (BMI), waist circumference (WC), blood 
lipids, fasting blood sugar, creatinine, blood urea nitro-
gen (BUN), alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), Atherogenic index of plasma 
(AIP), and electrolytes were evaluated to provide bet-
ter insight into the association between dietary GI, GL, 
DII, and DIL and cardiometabolic risk factors in sub-
jects with atherosclerosis. According to the continuous 

score of GL, there was a significant positive association 
between GL and central obesity for women in all mod-
els. Regarding the association between DIL score and 
biochemical variables, there was a significant positive 
association between Na and AST with DII. Moreover, 
there was a significant positive association between 
LDL-c and AST with DIL score in all 3 models.

Relationship between GI, GL, DII, and DIL scores 
and obesity
In the present cross-sectional study, we found that a 
high dietary GL was associated with greater odds of 
central obesity in women, but not in men. We failed 
to detect any significant association between DII, and 
DIL, and central obesity, as well as general obesity, in 
either gender. Associations between dietary GL, GI, 
DII, and DIL and central obesity have been addressed 
in only a relatively small number of studies, and results 
are equivocal. In the present study, a high dietary GL 
was associated with greater odds of central obesity in 
women. Concordant with our results, findings from a 
study conducted in the UK revealed a significant asso-
ciation between dietary GL and central obesity [48]. In 
contrast, however, in a cross-sectional study with 5219 
subjects, a positive association between GI and abdom-
inal obesity was observed, but not regarding GL [49]. 
Similar to our observations, in some other research 
studies that were conducted in Japan, Spain, and the 
USA, respectively, no significant associations between 
GI and BMI and central obesity were found [22, 50, 51]. 
However, findings from the Danish arm of the Monitor-
ing Trends and Determinants in Cardiovascular Dis-
ease (MONICA) project showed that adherence to a 
high-GI diet was associated with higher body weight, 
body fat, and waist circumference in women, but not 
in men [52]. It is unknown why women, but not men, 
appear to be sensitive to the adverse effects of a high 
dietary GI, particularly for obesity development, but it 
has been suggested that women may be more suscepti-
ble to the adverse effects of a high GI diet than men [49, 
52]. Indeed, it is known that fat accumulation might be 
affected by gonadal steroids that can increase the hypo-
thalamic expression of the orexigenic peptides such 
as neuropeptide Y and agouti-related peptide [53, 54]. 
Moreover, high plasma adiponectin levels in females 
compared to males might be another reason for this 
sex-mediated discrepancy [26, 55].

The mechanisms pertaining to how dietary GI might 
affect central and general obesity are largely unclear. 
Although, it has been posited that high-GI diets may 
promote excessive food intake and subsequent overeat-
ing [56]. Indeed, a low-GI diet is considered the most 
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effective diet for the prevention of obesity by lowering 
postprandial blood glucose and insulin levels, increase 
satiety, and decrease energy intake [49, 57].

In the present study, DII and DIL were not associated 
with BMI and waist circumference. However, it has been 
demonstrated that a diet with high insulinemic poten-
tial, due to enhancing insulin secretion during a long 
period, can reduce fat oxidation and increase carbohy-
drate oxidation resulting in the development of fat mass 
and increasing the risk of obesity [58, 59]. Indeed, these 
observations were correspondent with earlier results, 
including a prospective study conducted by Joslowski 
et al. [58], a cross-sectional study by Mozaffari et al.[35], 
and a case–control study by Anjom-shoae et  al. [60]. 
Joslowski et  al. suggested a prospective negative effect 

of dietary insulin demand during puberty on the body 
fat percent in young adulthood. The authors concluded 
that postprandial increases in insulinemia rather than 
increases in glycemia can induce an undesirable develop-
ment of body composition [58] and Anjom-Shoae et  al. 
found no significant association between DIL, DII, and 
odds of abdominal obesity [60]. In contrast, in a cross-
sectional study by Sadeghi et al., DIL and DII had a posi-
tive association with odds of metabolic syndrome [26]. 
The inconsistency present in the literature might be due 
to different tools used for dietary assessment, differ-
ent eating habits, different food processing and cooking 
methods in different cultures, different age ranges used, 
considering different confounder variables, and different 
methods for computing DIL and DII values.

Table 6  Odds ratios (95%CI) for general and central obesity (dependent variables) according to the GI, GL, DII, and DIL score 
(independent variables) in atherosclerosis patients

*  P < 0.05 statistically significant by Multivariable Logistic Regression. a. Model 1: unadjusted. b. Model 2: adjusted for energy intake. c. Model 3: adjustment for age, 
sex, energy intake, physical activity, race, BMI, WC, marital status and education

P-values of statistical significance (p < 0.05) are presented in bold

Central obesity: obese for female (WC ≥ 88 cm) or normal (WC < 88), obese for male (WC ≥ 102 cm) or normal (WC < 102)

General obesity: normal (BMI < 30) or obese (BMI ≥ 30)

Abbreviation: GI Glycaemic index, GL Glycemic load, DII Dietary insulin index, DIL Dietary insulin load

Variable Or (CI) B *P- value Or (CI) B *P- value

According to the percentile of GI According to the percentile of GL

General obesity

  Model 1a 1.17 (0.93–1.46) 0.15 0.16 1.12 (0.90–1.40) 0.12 0.29

  Model 2b 1.20 (0.94–1.52) 0.18 0.12 1.26 (0.90–1.77) 0.23 0.16

  Model 3c 1.07 (0.81–1.40) 0.07 0.60 1.02 (070–1.50) 0.02 0.90

Central obesity for male

  Model 1a 1.08(0.81–1.45) 0.08 0.58 0.97(0.71–1.33) -0.02 0.88

  Model 2b 1.05(0.77–1.44) 0.05 0.71 1.08(0.70–1.67) 0.08 0.71

  Model 3c 1.07(0.77–1.49) 0.07 0.65 1.11(0.70–1.77) 0.11 0.64

Central obesity for female

  Model 1a 1.19(0.98–1.58) 0.17 0.22 1.55(1.12–2.15) 0.44 0.008
  Model 2b 1.35(0.98–1.87) 0.30 0.06 1.69(1.09–2.63) 0.53 0.018
  Model 3c 1.31(0.91–1.90) 0.27 0.13 1.93(1.13–3.28) 0.65 0.015
According to the percentile of DII According to the percentile of DIL

General obesity

  Model 1a 1.12 (0.89–1.40) 0.11 0.30 1.19 (0.95–1.49) 0.18 0.11

  Model 2b 1.13 (0.90–1.43) 0.13 0.26 1.27 (0.97–1.67) 0.24 0.07

  Model 3c 1.05 (0.80–1.38) 0.05 0.70 1.16 (0.85–1.58) 0.15 0.33

Central obesity for male

  Model 1a 1.11(0.83–1.50) 0.11 0.45 1.00(0.74–1.37) 0.007 0.96

  Model 2b 1.10(0.80–1.49) 0.09 0.54 1.06(0.75–1.52) 0.06 0.71

  Model 3c 1.13(0.81–1.55) 0.12 0.45 1.12(0.77–1.62) 0.11 0.54

Central obesity for female

  Model 1a 1.09(0.81–1.46) 0.08 0.57 1.22(0.90–1.67) 0.20 0.19

  Model 2b 1.17(0.85–1.60) 0.15 0.32 1.14(0.80–1.62) 0.13 0.46

  Model 3c 1.12(0.78–1.60) 0.11 0.52 1.01(0.68–1.51) 0.01 0.93
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Relationship between GI, GL, DII, and DIL scores 
and biochemical indices
In linear regression analysis, according to quartiles, we 
found a significant association between GI score and 
FBS, cholesterol, HDL-c, LDL-c, creatinine, AST, ALT, 
and AIP in adjusted models. We observed that GL was 
significantly associated with FBS, TG, cholesterol, LDL-c, 
BUN, creatinine, K, AST, ALT, and AIP in the adjusted 
models.

Regarding the association between DIL score and bio-
chemical variables, there was a significant positive asso-
ciation between Na and AST with DII, whilst DIL was 
significantly associated with LDL-c and AST.

To our knowledge, this is the first study to have evalu-
ated the association of GI, GL, DII, and DIL, and liver 
enzymes. Indeed, there is growing evidence that diet and 
nutrients can influence the pathophysiology of non-alco-
holic fatty liver disease (NAFLD); where the fatty liver 
overproduces the liver enzymes ALT, AST, and gamma-
glutamyltransferase (GGT), C-reactive protein (CRP), 
and coagulation factors. Overfeeding either saturated 
fat or carbohydrate increases liver fat content [61], and 
dietary carbohydrates, particularly sugars, are known 
to contribute to elevated blood insulin and TG levels 
and cause increased hepatic de novo lipogenesis and 
decreased hepatic insulin sensitivity, due to the lipogenic 
potential of fructose during liver metabolism [62].

In the present study, we also found that dietary GI and 
GL were positively associated with fasting blood glu-
cose after adjustment for confounding factors. In a large 
cohort of young women, those in the highest quintile of 
dietary GI (high in rapidly absorbed carbohydrates and 
low in cereal fiber) had a higher risk of diabetes versus 
the lowest [63]. Moreover, in the Tehran Lipid and Glu-
cose Study, dietary GL, but not GI, had a positive associa-
tion with plasma FBS and 2-h blood glucose levels, only 
among nonobese subjects [32]. A cross-sectional analy-
sis of the Saku Control Obesity Program study reported 
that high dietary GL was positively associated with 
greater odds of HbA1c ≥ 7.0% [64]. However, some cross-
sectional studies did not show any association between 
dietary GI and FBS [64–66] and 2-h blood glucose con-
centrations [64].

In the current study, consistent with a cross-sectional 
setting and with the use of data from the Nurses’ Health 
Study and the Health Professionals Follow-Up Study, DII 
and DIL were not associated with fasting biomarkers of 
glycemic control [28]. However, in another cross-sec-
tional study, DIL had a positive association with serum 
levels of FBS in elderly men [35]. It is apparent that pro-
longed intake of foods with high DII can lead to β-cell 
dysfunction; indeed, this condition can subsequently lead 

to insulin resistance and elevated blood FBS concentra-
tions [28].

Regarding lipid profile, the adjusted concentrations of 
cholesterol, TG, and LDL-c increased across the quar-
tiles of dietary GL while there was no significant cor-
relation between GL and HDL-c concentration. Also, 
dietary GI was associated with blood HDL-c, LDL-
c, and cholesterol levels. These findings corroborate 
results from several previous studies [12, 18, 32, 50, 
67, 68]. In a meta-analysis of prospective studies, high 
dietary GI was related to an increased risk of CHD [69]. 
The association of dietary GI and dietary GL with CVD 
is stronger in overweight than in normal-weight sub-
jects in prospective studies [69–71]. However, the rela-
tionship of dietary GI or GL with cardiometabolic risk 
factors remains unresolved [22, 23].

DIL had a positive association with LDL-c concentra-
tions, howeever we found no association between DIL 
and DII and other blood lipid variables. In contrast, 
Nimptsch et  al. found an inverse association between 
DIL and HDL-c and a positive association between DIL 
and TG. It appears that the association of DIL with TG 
and HDL-c indicated by Nimptsch et  al., particularly 
in participants with obesity, may be due to the elevated 
insulin resistance in this group [28]. This suggests that 
the dietary insulin index would be applicable in heavier 
subjects, whilst the mean BMI of our participants was 
approximately 27.02 kg/m2 (in the overweight BMI clas-
sification). Another putative reason for why we failed to 
detect any association between DIL, DII, and CVD risk 
biomarkers such as HDL-c, TG, FBS, and total choles-
terol, might be due to the overall low mean DII and DIL 
in our study (38.16 ± 9.25 and 473.49 ± 141.49, respec-
tively). Further, due to our study’s cross-sectional design, 
inferring a causal link between GI, GL, DIL, DII, and 
CVD was precluded. Hence, studies with prospective 
designs are required to confirm these relationships over 
longer periods. A low sample size and Lack of data per-
taining to the medication and the duration of the disease, 
postprandial levels of glucose, Insulin, HbA1C, and other 
cardiometabolic risk factors were another limitation of 
the present study. Moreover, Applying the FFQ for evalu-
ating dietary assessment, is another of the limitations of 
our study due to it depends on long-term memory and is 
not accurate enough.

However, despite the aforementioned limitations, 
there were several strengths that merit acknowledge-
ment. Indeed, the inclusion of both sexes in the study, 
using linear regression analysis and multivariable logis-
tic regression in 3 different models, and the use of a 
validated FFQ for regular dietary assessment provided 
a robust platform to interrogate the incumbent data. 
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Additionally, we considered recent changes in body 
weight and dietary habits as inclusion criteria, as they 
have been appeared to be associated with cardiometa-
bolic risk factors. Finally, another strength of this work 
is its’ novelty, where, to our knowledge, this is the first 
study in which body mass index (BMI), waist circumfer-
ence (WC), blood lipids, fasting blood sugar, creatinine, 
blood urea nitrogen (BUN), alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), Atherogenic 
index of plasma (AIP), and electrolytes were evaluated 
to provide better insight into the association between 
dietary GI, GL, DII, and DIL and cardiometabolic risk 
factors in subjects with atherosclerosis.

Conclusions
In this cross-sectional study, GL was associated with 
greater odds of central obesity in women, but not in 
men. Neither dietary DII nor DIL was associated with 
BMI and central obesity, whilst GI, GL, DII, and DIL 
had significant associations with some CVD risk bio-
markers in subjects with atherosclerosis. Future studies 
with prospective and interventional designs are needed 
to clarify the association between these dietary indices 
and cardiometabolic risk factors among subjects with 
atherosclerosis.
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