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Aim: Most studies on diet quality have focused on the habitual and overall intake of foods
without considering intakes at specific eating occasions. This study aimed to assess the
association between habitual- and meal-specific carbohydrate quality index (CQI) and
metabolic syndrome (MetS) in Iranian adults.

Methods: In this cross-sectional study, data from 850 participants were analyzed.
Dietary information was obtained from a 3-day nonconsecutive 24 h recall. CQl was
calculated from three criteria: dietary fiber, glycemic index, and solid carbohydrate/total
carbohydrate ratio. The association between CQl and MetS was assessed by
logistic regression.

Results: The prevalences of MetS in the lowest and highest tertile of CQl were 30.1 and
33.7, respectively (P = 0.6). In habitual diet and all the three meals, we failed to find any
significant association between tertiles of CQl and MetS either before or after adjustment
for covariates. However, in the habitual meals [odds ratio (OR): 0.69, 95% CI: 0.47-0.96]
and lunch meals (OR: 0.66; 95% ClI: 0.47-0.94), the highest CQIl in comparison to the
lowest one, significantly decreased the low high-density lipoprotein (HDL). In addition, the
trend of low-HDL with CQl in habitual meal and lunch meal was statistically significant.

Conclusion: The results of this study showed that CQI was not associated with MetS
and its components. Further investigations into the mechanisms underlying the role of
carbohydrate quality in developing metabolic disorders are warranted.

Keywords: carbohydrate quality index, metabolic syndrome, meal-specific, habitual meal, cross-sectional study

INTRODUCTION

Metabolic syndrome (MetS) deputes an interrelated metabolic disorder determined by central
obesity, deviant glucose hemostasis, and lipid disorders, namely, elevated serum triglyceride (TG),
low high-density lipoprotein cholesterol, and elevated blood pressure (1). The prevalence of the
MetS among adults in the United States was estimated between 34.3 and 38.5% (2), and in some
European countries, at least 25% (3). Recently published data from Iran show that the prevalence of
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MetS is 21.1% (4). Based on the evidence, a combination of
genetic and environmental factors has been shown to play a
role in developing this syndrome (5, 6). Among environmental
factors, meal-timing, meal frequency, and dietary quality may
play an essential role in cardiometabolic risk factor management
(7). Meal timing can affect circadian rhythm and cardiometabolic
risk factors (8-10). Epidemiological studies indicated that eating
meals at the inappropriate time of the day increases the
risk of obesity, type 2 diabetes, and cardiovascular disease
(CVD) (11, 12). Limited studies have been performed on meal
frequency (daily eating occasions) and cardiometabolic risk
factors with different results. One study showed that meal
frequency was inversely related to high TGs, high blood pressure,
and obesity (13). Besides, individuals who take three meals/day
than individuals who received one meal/day, fewer systolic and
diastolic blood pressure, lower cholesterol level, and upper TG
concentration have been reported (14).

In recent decades, the effort to preclude MetS has focused
on declining risk factors and recommending healthy behaviors,
especially healthy eating habits (15). In this context, studies
and evidence have shown that improving the quality of
dietary carbohydrates, instead of modulating their quantity,
may have a more significant impact on modulating cardiac-
metabolic risk factors (16). Most of the available evidence
has examined the various components of the quality of
carbohydrates received, such as fiber intake, glycemic index (GI),
and glycemic load, separately (17, 18). Former studies have
explored the association between consumption of carbohydrates
and MetS and have indicated positive (19-21), contradictory
(22), and null (23) effects. But since a single component
cannot be an appropriate criteria for evaluating the quality of
carbohydrate revived, border criteria that can accommodate
several single components are used as the carbohydrate quality
index (CQI), which is a convenient indicator of the quality
of the carbohydrate intake. The CQI was defined by summing
up the following criteria: GI, dietary fiber intake, whole
grains to total grains ratio, and solid carbohydrates to total
carbohydrates (24). Since whole grains in the Iranian diet
are limited, its calculation has been abandoned in this study.
Few studies have investigated the association between CQI
and pathological conditions. A cross-sectional study in Ghana
indicated a reverse association between CQI and abdominal
obesity (25). In addition, the reverse association between
COI and general obesity/overweight has been demonstrated in
one prospective study (24). Researchers assayed the relation
between dietary patterns based on macronutrients and blood
factors such as lipid profile and fasting blood glucose. Still,
there has not been much attention paid to meals (26-28). In
addition, a dietary recommendation based on meals can be
an effective intervention in changing inappropriate habitual
intake (29).

Since carbohydrates as a major nutrient provide an essential
part of the energy required of the adult population, it is assumed
that carbohydrate intake may play a more prominent role in
public health. Hence this study aims to assess the association
between CQI of meal-specific dietary patterns and MetS and its
components among Tehranian adults.

MATERIALS AND METHODS
Data and Study Participants

This cross-sectional study was done within 25 health houses
in the Tehran Metropolis. A total of 850 adult participants
aged between 18 and 65 years were included. This study
was conducted according to the guidelines laid down in
the Declaration of Helsinki. All the procedures involving
human subjects were approved by the ethical standards of
the Tehran University of Medical Sciences (ethic number:
IR TUMS.MEDICINE.REC.1399.797), which approved the
protocol and informed consent form. All the participants signed
a written informed consent before the start of this study.

Adults with a previous history of any major illness such as
myocardial infarction, diabetes, cancer, renal disease, and CVD
and who were not desired to contribute to the study were
excluded. In addition, those who were experiencing any special
diet or diet therapy were also excluded from the study. But, in
continuation of this study and review of the questionnaires were
a limited number of participants who were not considered acute
patients and only had a mild and controlled disease that were
not excluded from this study. In this case, to prevent errors in
the results of the study, individuals were adjusted in terms of
having the underlying disease (Supplementary Figure 1). This
study included both the genders and living in the study region
and willing to participate in this study.

Dietary Assessment, Meal Timing, and CQl

Calculation

Dietary data were gathered by using repeated but nonconsecutive
(Monday to Sunday) 24-h dietary recall method. The 24-h
meal was structured and included breakfast, lunch, and dinner.
The first 24-h recall is obtained through interviews, the other
two recalls are recorded by telephone during two repeated
nonrandom days during the study and information was recorded.
The habitual diet was calculated using the mean of three 24-h
recalls. Food and the food groups were extracted through
these questionnaires. Meals usually include breakfast, lunch,
and dinner. More energy content was used to classify meals.
Thus the largest meal was considered between 5:00 and 11:00
as breakfast, 11:00 and 16:00 as lunch, and between 16:00 and
23:00 as dinner and the smaller intake between main meals was
identified as snacks (30, 31). A habitual diet is the combination
of meals and snacks which includes 4 meals and snacks
throughout the day, including breakfast, lunch, evening snack,
and dinner.

Finally, the total value of nutrients in all the meals and snacks
was calculated daily. CQI was calculated based on the energy-
adjusted amount of total carbohydrate intake values calculated
using the residual method (32). CQI was defined by summing up
the following four criteria: (1) ratio of solid carbohydrates to total
carbohydrates, (2) dietary fiber intake (g/day), (3) GI, and (4)
ratio of whole grains to total grains (whole grains, refined grains,
and their products). Subjects were categorized into quintiles and
take a value (ranging from 1 to 5) for each quintile according
to each of these four criteria; however, the scoring of GI was
reversed; thus, those in the fifth quintile received one point,
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and those in the first quintile received five points. Finally, an
overall CQI was computed by adding all values of the four criteria
(ranging from 4 to 20). It was also ranked into quintiles (24).
But given that the Iranians are using whole grains in the diet is
limited, this component is not calculated, so the final score ranges
from 3 to 15.

Glycemic index (GI) values were obtained from international
tables (33), the GI of Iranian foods (34), and literature reviews.
As if food item was not available in any of the mentioned
tables, we used the GI values of chemically and physically
similar food items for those foods (34). Glucose was used as the
reference (GI for glucose = 100). The mean of the GI values was
assigned if more than one eligible GI value was available for a
specific food item. The carbohydrate content of each food was
determined using standard portion sizes from the United States
Department of Agriculture food composition databases (35). All
the nuts and vegetables except starchy roots were considered
as very low GI (ranging from 10 to 20). Solid carbohydrates
were obtained by subtracting the amount of liquid carbohydrate
(summing up sweetened beverages and fruit juice) from total
carbohydrate intake.

Anthropometric Assessment and
Biochemical Tests

Weight was measured using a Seca weighing scale (Seca and
Corporation KG; 22 089 Hamburg, Germany; Model: 874
1321009; designed in Germany; made in China) with light
clothing (without a coat and raincoat). A wall stadiometer
board was used for participants’ height without shoes with a
sensitivity of 0.1 cm height measurements. Body mass index
(BMI) was calculated as weight (in kilograms) divided by
height (in meters squared). Waist circumference was measured
according to the guiding protocol of the WHO, at the
midpoint between the lower border of the rib cage and the
iliac crest, using a nonstretchable fiberglass measuring tape.
Eventually, the waist-hip ratio (WHR) was calculated for
each person. WHR >0.5 was adopted for overweight and
abdominal obesity for uniformity regarding age differences
(36). Blood pressure is measured by a digital barometer (BC
08, Beurer, Germany) after at least 10-15min of rest and
sitting. Blood pressure was measured two times for each
person, and the average blood pressure was reported for
each person. Of all participants, 10ml of fasting blood was
taken between 7 and 10am. in the acid-washed test tubes
without anticoagulant until after room temperature maintenance
for 30 min. Minute blood clots and centrifuge at 1,500g for
20min. The serums are poured into microclean tubes and
stored in the —80°C freezer until the future test. Fasting
blood sugar was assayed by the enzymatic (glucose oxidase)
colorimetric method using a commercial kit (Pars Azmun,
Tehran, Iran) at the sampling day. Serum total cholesterol and
high-density lipoprotein cholesterol (HDL-C) were measured
using a cholesterol oxidase phenol amino antipyrine method
and TG was measured using a glycerol-3 phosphate oxidase
phenol amino antipyrine enzymatic method on the same day
after collecting all the samples.

Sociodemographic and Lifestyle Variables
General information such as age, marital status, smoking status,
living situation (alone or with someone), and disease was
recorded by asking participants with a general information
questionnaire registered. International Physical Activity
Questionnaire is used to examine people’s physical activity
(37), which records three intensity levels of activity based on
the metabolic equivalents (METs). METs were classified as low
(<600 MET-min/week), moderate (600-3,000 MET-min/week),
and vigorous (>3,000 MET-min/week).

Metabolic Syndrome

Metabolic syndrome (MetS) and its components were defined
using the following criterion (1). Individuals who have at least
three or more of the following disorders were classified as
having MetS: high waist circumference (>88 for women and
>102 for men); elevated TG levels (>150 mg/dl); low HDL-C
levels (<50 mg/dl for women and <40 mg/dl for men); high
blood pressures (systolic blood pressure > 130 mm Hg and
diastolic blood pressure > 85 mm Hg) or use of antihypertensive
medication; and high fasting glucose levels (>100 mg/dl) or use
of hypoglycemic medication.

Statistical Analysis

Energy-adjusted dietary CQI was used to classify participants
into tertiles. According to the type of variables, the comparison
of quantitative mean variables between the tertiles of subject
characteristics and anthropometric measurement was performed
using one-way ANOVA and comparison of qualitative variables
distribution between the tertiles with the chi-squared test.
Logistic regression was performed to investigate the relationship
between CQI as an independent variable and MetS and its
components as a dependent variable in an unadjusted and
multivariable-adjusted model. In this regard, age, sex, energy
intake, physical activity, marital status, smoking status, educated
status, underlying disease, and BMI were included as covariates
in the modified regression model. All the statistical analyses were
done using IBM Statistical Package for Social Sciences (V.22;
SPSS Inc.), and P < 0.05 was considered as statistically significant.

RESULTS

The mean age of study participants with MetS was 46.1 +
10 and the mean BMI with MetS was 29.2 + 4.71. The
prevalence of MetS among participants in the lowest and highest
tertiles of CQI were 30.1 and 33.7, respectively (P = 0.6).
The mean CQI in participants with MetS was 9.15 + 2.83
(Supplementary Table 1).

Among the participants, 30, 24, and 5 participants were
removed from breakfast, lunch, and dinner, respectively, due to
the lack of enough information for the final analysis. As a result,
820, 826, and 845 participants remained in the study for final
analysis at breakfast, lunch, and dinner meals.

General characteristics of study participants according to
carbohydrate quality score based on habitual diet and meal is
given in Table 1. Within lunch meals, those in the top tertiles of
CQI were less likely to be current smokers (P = 0.05). In habitual
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TABLE 1 | General characteristic of study participants according to tertiles (T) of carbohydrate quality index (CQl).

CQl (breakfast) CQl (lunch) CaQl (dinner) CaQl (habitual)
™ T2 T3 P T1 T2 T3 P+ T T2 T3 P ™ T2 T3 P
(3-7) (7-11) (11-15) (3-7) (7-11) (11-15) (3-7) (7-11) (11-15) (3-7) (7-11) (11-15)

Participant 273 274 273 275 276 275 281 282 282 276 277 276
Sex
Male% 30 40 30 0.1 37.7 33.3 29 0.3 32.9 32.3 34.8 0.9 27.8 31.9 40.3 0.1
Female% 33.9 31.9 34.2 0.1 32.3 33.7 34 0.3 33.3 33.6 33 0.9 34.5 33.7 31.8 0.1
Age 42.7 £ 11 42.2 £10 42 £11.6 0.7 423 + 11 42.7 £10.8 42 £ 11 0.7 41.5+10.7 433+109 421+ 11 0.1 41.8+10.7 425+106 424+104 0.7
Educated 33.3 33.8 32.9 0.6 33.7 325 33.8 0.03 33.4 33.2 334 0.9 33.6 33.6 32.8 0.7
Marital status (married %) 32.6 34.9 325 0.2 33.2 34.1 32.7 0.8 34.2 33.1 32.7 0.4 32.9 33.8 33.2 0.7
Smoking (smoker %) 23.3 37.2 39.5 0.3 50 30.6 19.4 0.05 32.6 34.9 32.6 0.9 341 36.6 29.3 0.8
Underlying disease (yes 35.8 31.3 32.8 0.3 31 34.8 34.2 0.4 31.7 34.8 33.4 0.6 32.5 34.3 33.1 0.8
%)
Activity score
Low 341 32.5 33.4 0.9 34.2 32.4 31.6 0.3 32.1 34.3 33.6 0.5 34.6 33.9 31.6 0.3
Moderate 325 34.7 32.8 0.9 32.4 32.4 35.3 0.3 34.8 32.6 32.6 0.5 33.9 32.9 33.2 0.3
High 28.8 34.2 37 0.9 31.6 30.3 38.2 0.3 35.1 32.5 325 0.5 24.3 32.4 43.2 0.3
BMI 276+731 27.2+463 27.1+4.63 0.5 274+6.84 27 +£527 2744527 0.6 2714+418 27.7+7.04 271+53 0.2 27 +£4.42 273+452 27.3+459 0.6
Weight (kg) 724+146 723+13.6 71.8+135 0.8 725+13.8 716+139 72.1+13.9 0.7 71.8+116 725+147 72+£15.1 0.8 716+13 7271 +45 728+135 0.5
Height (cm) 162.4 £9.88 163 +8.84 162.5+8.38 0.7 162.9 £ 9.51 162.6 £8.13 162.3 +£ 9.46 0.7 162.8 +£8.76 162.1 +£9.34 162.9+8.89 04 1622+9.13 1628 +85 162.9+8.9 0.5
WC (cm) 89.4+123 89+129 89.1+121 0.9 89.5+12.1 886+11.4 89.1+127 0.6 88.8+11.1 89.2+12.1 89.3+ 13 0.8 88 +11.6 90 £12 896+ 115 0.09

Values are means =+ standard deviations (SD) or percentages.
Chi-square test used for categorical variables, one-way ANOVA for continuous variables.
P < 0.05.

iUnder/ying disease: Including diabetes, hypertension, dyslipidemia, cardiovascular disease, stroke, cancer, respiratory disease, and osteoporosis.

BMI, body mass index; WC, waist circumference; Kg, kilogram, cm, centimeter.
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diet and all the three meals, the distribution of participants in
terms of other general characteristics across tertiles of CQI was
not significantly different.

The evaluation of biochemical biomarkers showed no
significant statistical differences in laboratory characteristics
across tertiles of CQI in habitual meals and all the three meals
(Table 2).

The selected dietary intake of study participants across tertiles
of CQI is shown in Supplementary Tables 2, 3. In habitual
diet, we observed a significant association between tertiles in
participants for total sugar, total fiber, GI (P < 0.001 for all), and
carbohydrate (P = 0.001). Within breakfast meal, dietary intake
of total sugar (P = 0.007), and GI (P < 0.001) were significantly
different across tertiles of CQI. In lunch meals, dietary intakes of
total fiber, total sugar, and GI were significantly different across
tertiles of CQI among participants (P < 0.001 for all). Moreover,
participants’ carbohydrate intake (P = 0.02) and protein intake
(P = 0.001) were significant across tertiles of CQIL. Within the
dinner meal, participants in the top of tertiles of CQI had a
higher intake of energy and protein (P = 0.03; P = 0.02). In
contrast, participants in the top of tertiles of CQI had a lower
intake of fat and cholesterol (P = 0.01; P = 0.002). Moreover,
dietary intakes of total fiber, total sugar, GI, and saturated fatty
acids (SFA) (P < 0.001 for all).

The multivariate-adjusted odds ratio for MetS and its
component across tertiles of habitual and meal-specific CQI is
indicated in Tables 3, 4. In habitual diet and all three meals,
we failed to find any significant association between tertiles of
CQI and MetS either before or after adjustment for covariates. In
habitual meal, before and after adjustment for the covariate, the
odds ratio of low-HDL in third tertiles of CQI was significantly
lower than the first tertiles [odds ratio (OR): 0.67; 95% CI: 0.47-
0.96]. Moreover, within lunch meals, CQI is associated with low-
HDL (OR: 0.66; 95% CI: 0.47-0.94) before and after adjustment
for potential cofounding. In addition, no overall significant
association was observed between CQI and other components of
MetS either before or after adjustment for covariates in habitual
diet and all the three meals. It should be noted that the trend
of low-HDL across tertiles of CQI was marginally significant in
habitual diet (OR: 0.67; 95% CI: 0.47-0.96; P-trend = 0.02) and
in lunch meal (OR: 0.66; 95% CI: 0.47-0.94; P-trend = 0.01).

DISCUSSION

This study examined the relationship between habitual- and
meal-specific CQI and odds of MetS and its components in a
sample of Iranian adults. Our findings showed a nonsignificant
association between CQI with MetS before and after adjustment
for potential confounders in all three meals and habitual diet.
But we found a reverse association between CQI and the odds of
developing low-HDL in habitual diet and within lunch meal even
after adjustment for covariates. No overall significant association
was observed between CQI and other components of MetS in
habitual diet and all three meals.

Carbohydrates are a heterogeneous class of nutrients and the
consumption of refined carbohydrates for enhancing the quality

TABLE 2 | Laboratory results of study participants according to tertiles (T) of CQl.

CQl (habitual)

CQl (dinner)

CQl (lunch)

CQl (breakfast)

T3 P**

T2

(7-11)

P T
@7

T3

(11-15)

T3 P T T2
(7-11)

(11-15)

T3 P** T1 T2
(7-11)

(11-15)

T2

(7-11)

T1

(11-15)

3-7)

(

@7

(-7

276
107.2 £ 251
149.4 £78.9

277
107.6 £ 40.5
142.7 £78.3

276
108 + 38.5

282

282
109.2 £44.3 110.5+5.35

281
103.8 +£24.7
141.8 £69.7

275
106.2 +28.4
140.7 £ 75.4

276

108.6 £ 42.5

275
108.5 £ 35.2

273
107.7 £35.9

273 274
107.3+35.5

108.1 £9.35

Participant

0.67 0.06 0.96
0.49

0.54

0.96
0.09

FBG (mg/di)
TG (mg/dl)

142.6 £75.9

147.3 £81.8 146.8 £75.8 1471 +£825 145.4 £1.80 0.7

13956 +73.6 141.9+73.7

152.8 £ 85
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TABLE 3 | Odds ratio (OR) and 95% ClI for metabolic syndrome and components
among the study participants according to tertiles (T) of CQI in habitual diet.

T1 T2 T3 P-trend

(3-7) (7-11) (11-15)
Participant 276 277 276
MetsT
Crude 1.00 0.74 (0.51-1.07) 1.05 (0.74-1.5) 0.76
Model 1 1.00 0.77 (0.52-1.13) 1.08 (0.74-1.54) 0.71
Model 2 1.00 0.83 (0.59-1.24) 1.14(0.78-1.67) 0.52
Model 3 1.00 0.86 (0.57-1.29) 1.13(0.76-1.69) 0.57
Abdominal obesity
Crude 1.00 0.79 (0.56-1.1) 1.00 (0.72-1.4) 0.96
Model 1 1.00 0.81(0.57-1.16) 1.07 (0.75-1.53) 0.7
Model 2 1.00 0.83(0.57-1.19) 1.1 (0.76-1.58) 0.6
Model 3 1.00 0.79 (0.5-1.29) 1.15(0.73-1.82) 0.55
Elevated BPt
Crude 1.00 0.8 (0.49-1.3) 1.05 (0.66-1.67) 0.8
Model 1 1.00 0.88 (0.53-1.46) 1.02 (0.63-1.66) 0.9
Model 2 1.00 0.83(0.48-1.41) 0.98 (0.59-1.63) 0.98
Model 3 1.00 0.87 (0.51-1.5) 0.98 (0.59-1.65) 0.99
Elevated FBG
Crude 1.00 0.96 (0.69-1.34) 1.35 (0.97-1.89) 0.07
Model 1 1.00 1.01(0.72-1.43) 1.37 (0.97-1.93) 0.07
Model 2 1.00 1.02 (0.72-1.45) 1.4 (0.98-1.998) 0.05
Model 3 1.00 1.04 (0.73-1.47) 1.4 (0.98-1.99) 0.05
Low HDL-C
Crude 1.00 0.95 (0.68-1.32) 0.63 (0.45-0.88) 0.008
Model 1 1.00 0.91 (0.65-1.28) 0.64 (0.46-0.91) 0.01
Model 2 1.00 1.02 (0.72-1.45) 0.67 (0.47-0.96) 0.02
Model 3 1.00 1.02 (0.72-1.45) 0.67 (0.47-0.96) 0.02
Elevated TG
Crude 1.00 0.86 (0.61-1.22) 1.09 (0.77-1.54) 0.59
Model 1 1.00 0.89 (0.63-1.27) 1.04 (0.74-1.48) 0.79
Model 2 1.00 0.95 (0.66-1.36) 1.08 (0.75-1.54) 0.69
Model 3 1.00 0.97 (0.67-1.39) 1.08 (0.75-1.54) 0.7

Binary logistic regression test used for assessment variables.

Crude: unadjusted model.

Model 1: adjusted for age, gender, and energy intake.

Model 2: In addition, adjusted for marital status, physical activity, education status,
smoking, and underlying disease.

Model 3: further adjustment was made for BMI.

T Defined as the presence of >3 of the following components: abdominal obesity (waist
circumference > 88 for women and > 102 for men); elevated blood pressure (BP >
130/85 mmHg); elevated fasting blood glucose (FBG > 100 mg/dl); low high-density
lipoprotein-cholesterol (HDL-C < 50 for women and < 40 for men); elevated triglyceride
(TG = 150 mg/d).

* Blevated blood pressure (systolic > 130 and diastolic > 85).

Mets, metabolic syndrome; BF, blood pressure; FBG, fasting blood glucose; HDL-C,
high-density lipoprotein cholesterol; TG, triglyceride.

of received carbohydrates from a public health perspective
has been declared. In this way, the available studies on
adults demonstrate that total carbohydrate intake or dietary
carbohydrate proportion is not associated with the risk of
obesity (38, 39). According to a report from a population,

carbohydrate quality is a more important factor compared to the
fat quality to determine diet quality (40) as far as, it has been
proposed that a decline in fat intake was compensated with an
enhancement intake of refined starches and sugars (41). There
is convincing evidence that carbohydrate quality has important
effects on the advancement and treatment of CVD, MetS, T2D,
and obesity (42). Aspects of carbohydrate quality that may be
substantial in these components include dietary fiber, whole-
grain, GI, and GL, particularly the intake of sugar-sweetened
drinks. However, their properties are often highly interrelated,
and it may be hard to implicate one over another in any specific
condition (42). Therefore, in this context, this seems to be more
important in Iranian populations because of the higher intake of
carbohydrates (43).

In line with our findings in habitual diets, a cross-sectional
study conducted on Korean adults observed no significant
associations between CQI and T2DM or MetS. However, the
quality of carbohydrates consumed is associated with the
risk of obesity and elevated blood pressure (44). Also, in
another study, no association was found between GI, GL, and
MetS (45). Contrary to our findings, a cross-sectional study
from Ghana demonstrates that the diet with high CQI levels
is inversely related to general and abdominal obesity (25).
Another study identified that consuming refined foods with high
carbohydrate content was a direct association with a higher risk
of abdominal obesity in Ghanaian University students (46). A
cohort study from Spain in university graduates reported an
inverted association between dietary CQI and general obesity
(24). The result of a systematic review and meta-analysis
study focusing on the association between carbohydrate quality
and NCDs incidence and metabolic biomarkers demonstrated
that daily consumption of dietary fiber was associated with
a reduced risk of health-related consequences. These findings
are supported by cohort studies, which report an alleviated
risk of coronary heart disease, mortality, and occurrence of
diabetes (47).

High carbohydrate diets, which are common in developing
nations, especially Asian countries, contain a high content of
refined sources (such as white rice and white bread), low in fiber.
These diets usually reflect poor food quality and mainly have high
GI content, which can lead to negative metabolic outcomes (48—
50). According to the National Food Consumption Survey, most
of the calorie intake in Iranian people, which is about more than
60%, is obtained from carbohydrates. In other words, the amount
of carbohydrates in Iranians diet is 450 g per day (rural areas: 413
g/day and urban areas: 518 g/day) (51). In addition, considering
the high prevalence of low HDL-c in both sexes of the Iranian
people (43%; 95% CI: 33-53) (52), the results of our study can
be effective as a strategy in controlling the optimal level of low-
HDL. The present observation of a reverse association between
CQI and low HDL-c is in consent with previous studies. The
study that indicated the relation between carbohydrate quality
and the prevalence of MetS showed no association between GI,
GL, and MetS. However, these were positively associated with
low HDL-c levels in adults and older adults (45). Another study
found a positive association between GI, GL, and low HDL-c in
women (22).
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TABLE 4 | OR and 95%Cl for metabolic syndrome and components among the study participants according to tertiles (T) of CQl in meals.

CQl (breakfast) CQl (lunch) CQl (dinner)

T1 T2 7-11) T3 P-trend** T T2 T3 P-trend** T T2 T3 P-trend**

(3-7) (7-11) (11-15) (3-7) (7-11) (11-15) (3-7) (7-11) (11-15)
Participant 273 274 273 275 276 275 281 282 282
Metsf
Crude 1.00 0.77 (0.54-1.1) 0.8 (0.56-1.14) 0.21 1.00 26.1(0.89-1.8) 0.92 (0.64-1.33) 0.69 1.00 0.89 (0.62-1.27) 0.96 (0.68-1.37) 0.85
Model 1 1.00 0.8 (0.55-1.15) 0.8 (0.56-1.16) 0.25 1.00 1.25(0.86-1.8) 0.92 (0.63-1.34) 0.68 1.00 0.83 (0.57-1.21) 0.86 (0.59-1.25) 0.44
Model 2 1.00 0.86 (0.58-1.26) 0.79 (0.54-1.16) 0.23 1.00 1.32 (0.9-1.94) 0.9 (0.61-1.34) 0.62 1.00 0.85 (0.58-1.25) 0.9 (0.61-1.31) 0.53
Model 3 1.00 0.87 (0.58-1.29) 0.81 (0.55-1.21) 0.32 1.00 1.23(0.83-1.83) 0.86 (0.58-1.29) 0.48 1.00 0.87 (0.58-1.29) 0.96 (0.65-1.43) 0.8
Abdominal obesity
Crude 1.00 0.84 (0.6-1.17) 0.87 (0.63-1.22) 0.44 1.00 1.64 (1.17-2.3) 1.31 (0.94-1.84) 0.1 1.00 0.95 (0.68-1.33) 0.88 (0.63-1.23) 0.46
Model 1 1.00 0.88 (0.61-1.25) 0.91 (0.63-1.3) 0.61 1.00 1.63 (1.14-2.34) 1.34 (0.93-1.93) 0.1 1.00 0.87 (0.61-1.25) 0.8 (0.55-1.14) 0.22
Model 2 1.00 0.89 (0.61-1.28) 0.9 (0.62-1.29) 0.57 1.00 1.65 (1.14-2.39) 1.31 (0.91-1.89) 0.1 1.00 0.89 (0.61-1.28) 0.8 (0.56-1.16) 0.25
Model 3 1.00 0.85 (0.54-1.33) 0.94 (0.61-1.47) 0.83 1.00 1.56 (1-2.44) 1.3 (0.83-2.04) 0.2 1.00 0.89 (0.56-1.39) 0.81 (0.51-1.26) 0.34
Elevated BP¢
Crude 1.00 0.7 (0.43-1.15) 1.12 (0.71-1.76) 0.58 1.00 1.19(0.74-1.9) 1.08 (0.67-1.75) 0.74 1.00 1.04 (0.65-1.65) 0.89 (0.55-1.44) 0.65
Model 1 1.00 0.71 (0.43-1.19) 1.15 (0.72-1.84) 0.54 1.00 1.22 (0.74-1.99) 1.1 (0.66-1.81) 0.7 1.00 0.96 (0.569-1.56) 0.73 (0.44-1.21) 0.22
Model 2 1.00 0.8 (0.47-1.37) 1.1 (0.67-1.8) 0.7 1.00 1.22 (0.73-2.04) 1.12 (0.67-1.88) 0.66 1.00 0.98 (0.569-1.63) 0.69 (0.41-1.17) 0.18
Model 3 1.00 0.85 (0.49-1.45) 1.18(0.71-1.95) 0.51 1.00 1.17 (0.69-1.98) 1.13(0.67-1.91) 0.64 1.00 0.99 (0.59-1.66) 0.73 (0.43-1.24) 0.25
Elevated FBG
Crude 1.00 0.83 (0.59-1.15) 0.83 (0.6-1.16) 0.29 1.00 1.00 (0.72-1.4) 0.93 (0.67-1.3) 0.7 1.00 1.04 (0.74-1.45) 1.23(0.88-1.72) 0.2
Model 1 1.00 0.84 (0.6-1.18) 0.85 (0.61-1.2) 0.37 1.00 0.99 (0.7-1.39) 0.93 (0.66-1.3) 0.67 1.00 0.97 (0.68-1.36) 1.14 (0.81-1.6) 0.44
Model 2 1.00 0.88 (0.62-1.24) 0.88 (0.62-1.24) 0.47 1.00 0.97 (0.68-1.36) 0.92 (0.65-1.29) 0.66 1.00 0.95 (0.67-1.35) 1.13(0.8-1.6) 0.42
Model 3 1.00 0.88 (0.62-1.24) 0.88 (0.63-1.25) 0.5 1.00 0.94 (0.66-1.33) 0.91 (0.64-1.29) 0.62 1.00 0.96 (0.68-1.36) 1.16 (0.82-1.64) 0.37
Low HDL-C
Crude 1.00 0.81(0.58-1.14) 0.97 (0.7-1.36) 0.9 1.00 0.95 (0.68-1.32) 0.69 (0.5-0.97) 0.03 1.00 0.92 (0.66-1.29) 1.1 (0.79-1.53) 0.55
Model 1 1.00 0.81(0.58-1.14) 0.97 (0.69-1.35) 0.86 1.00 0.91 (0.65-1.28) 0.68 (0.48-0.95) 0.02 1.00 0.9 (0.64-1.27) 1.13(0.81-1.58) 0.46
Model 2 1.00 0.8 (0.56-1.13) 0.97 (0.69-1.37) 0.86 1.00 0.98 (0.69-1.38) 0.66 (0.47-0.94) 0.02 1.00 0.97 (0.68-1.37) 1.21 (0.85-1.71) 0.38
Model 3 1.00 0.8 (0.56-1.13) 0.97 (0.69-1.37) 0.86 1.00 0.97 (0.69-1.38) 0.66 (0.47-0.94) 0.01 1.00 0.97 (0.69-1.38) 1.21(0.86-1.72) 0.37
Elevated TG
Crude 1.00 0.87 (0.62-1.23) 0.78 (0.55-1.1) 0.16 1.00 0.93 (0.66-1.31) 0.79 (0.56-1.11) 0.18 1.00 0.94 (0.67-1.33) 1.1 (0.78-1.55) 0.55
Model 1 1.00 0.88 (0.62-1.24) 0.79 (0.56-1.12) 0.19 1.00 0.95 (0.67-1.34) 0.8 (0.56-1.13) 0.21 1.00 0.93 (0.65-1.32) 1.03 (0.72-1.45) 0.86
Model 2 1.00 0.94 (0.66-1.34) 0.81 (0.57-1.16) 0.26 1.00 0.96 (0.68-1.37) 0.78 (0.55-1.12) 0.18 1.00 0.92 (0.64-1.31) 1.04 (0.73-1.48) 0.83
Model 3 1.00 0.94 (0.66-1.34) 0.82 (0.58-1.18) 0.29 1.00 0.93 (0.65-1.33) 0.77 (0.54-1.11) 0.16 1.00 0.93 (0.65-1.33) 1.07 (0.75-1.52) 0.73

Binary logistic regression test used for assessment variables.

Crude: Unadjusted model.

Model 1: Adjusted for age, gender, and energy intake.
Model 2: In addition, adjusted for marital status, physical activity, education status, smoking, and underlying disease.

Model 3: further adjustment was made for BMI.

P < 0.05.

" Defined as the presence of >3 of the following components: abdominal obesity (waist circumference > 88 for women and > 102 for men); elevated blood pressure (BP > 130/85 mmHQg); elevated fasting blood glucose (FBG > 100
mg/dl); low high-density lipoprotein-cholesterol (HDL-C < 50 for women and < 40 for men); elevated triglyceride (TG > 150 mg/dl).
¥ Elevated blood pressure (systolic > 130 and diastolic >85).
Mets, metabolic syndrome; BF, blood pressure; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; TG, triglyceride.
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Meanwhile, Data from NHANES III (1988-1994), the Cooper
Center Longitudinal Study, reported a positive link between
GL and low HDL-c in males and females (53, 54). The exact
mechanism of this association is not known yet. When dietary
GI and GL content is high, digestion and absorption of food
are done at high speed, resulting in high blood sugar and
consequent hyperinsulinemia release. These adjustments are
made by regulatory hormones (cortisol, glucagon, and growth
hormone), reducing reactive hypoglycemia and enhancing the
secretion of free fatty acid (55). The metabolic response by
increasing satiety and decreasing fat storage can lead to obesity.
Excess body fat and the increased release of free fatty acids could
contribute to the development of dyslipidemia, containing low
HDL-c levels. In addition, diets with high GI/GL could cause
insulin resistance, oxidative stress, and chronic inflammation
aggravating dyslipidemia (56, 57).

Insulin resistance as a predictor factor of MetS, one of the
main complications of chronic inflammation and stress oxidative
can be considered. Particular attention has been paid to the
quantitative characteristics of dose-response relationships and
the underlying mechanisms that can investigate the nature of
biphasic hormonal responses after exposure to redox-active
agents, such as free radical oxygen species and identify their
effect on inflammatory and anti-inflammatory pathways (58).
Understanding that hormesis may prolong life and reduce the
incidence of chronic diseases involves the optimal challenge
of cells and entire organisms by any of the broader stressors,
including pharmacological, physical, dietary, exercise, and
ischemic (59). Antiaging and neuroprotective effects of hormetic
have been reported using experimental protocols in a wide
range of in vitro and in vivo models (60, 61). Among foods,
several bioactive compounds, including polyphenols, have been
considered as health promoters. Polyphenols include four main
classes of flavonoids, phenolic acids, acetylbones, and lignans,
each of which has different effects (62). Polyphenols with anti-
inflammatory and antioxidant effects are a great choice to
improve the diet quality (63). Polyphenols regulate cellular
and enzymatic activities involved in inflammatory pathways by
preventing the overproduction of reactive oxygen species and
inhibiting free radicals (64). In addition to reducing apoptosis,
promoting pancreatic B-cell proliferation, are involved in glucose
homeostasis (65).

However, previous studies did not examine the relationship
between meals. Based on our knowledge, there has been
no observational study examining the relationship between
carbohydrate quality in meals and metabolic disorders. Dietary
approaches derived from meal timing are hopeful for modulating
circadian rhythms and clock-controlled metabolic functions in
humans. Besides, studies have proposed that specific times
are more suitable for consuming carbohydrate-rich or fat-
rich food to maintain metabolic health. A crossover trial
investigated that consumption of high-carb meals in the evening
undesirable influences blood glucose level and glycemic control
in individuals with impaired glucose metabolism (66). In
agreement with this finding, other studies in humans suggested
that a carbohydrate-rich diet at the beginning of the day could
be safe vs. the development of diabetes and MetS (67, 68). In

addition, the inclusion of lunch as the main meal, compared to
dinner, seems to have beneficial effects on reducing MetS risk
factors (69).

Western main meals usually end with a sweet dessert.
In addition, drinking beverages during the main meal was
considered part of modern lifestyle; also, the food eaten,
especially at breakfast, is mainly different from the foods eaten
at other meals (70). On the other hand, skipping breakfast is
very common in modern societies. In a study of eight young
men, participants ate three main meals (breakfast, lunch, and
dinner), while in the other condition, the same amount of energy
was consumed at lunch and dinner times only. They found that
skipping breakfast enhanced the blood glucose concentration
during the afternoon and sleep and increased 24-h average blood
glucose concentration (71). Another study assessed the glucose
metabolism of healthy adults in two conditions of breakfast
and dinner skipping. They showed breakfast skipping conduced
higher glucose concentrations and insulin resistance after lunch
(72). Similarly, our study highlights the importance of meals,
especially lunch meals. In this way, if the lunch meal has a good
CQI (for example, it is prepared from whole grains and fruits and
vegetables with low GI and GL), it can play a role in controlling
and managing the normal level of HDL.

The content of dietary fiber and vitamin minerals in whole
grains is higher than in refined carbohydrates. The protective
effects of these nutrients vs. the risk of chronic diseases are well-
known (73, 74). Due to their physical structure and dietary fiber
content, whole grains are categorized as low GI foods (34). The
use of whole grains is a useful way to increase fiber in the diet and
reduce noncommunicable diseases (NCDs). In addition, fruits
and vegetables are important factors in fiber intake in the diet.
According to the above, our calculated CQI has low quality. Still,
due to the consumption of medium to the high fiber content
in this study, it can be concluded that the intake of fruits and
vegetables and solid carbohydrates in the diet of individuals
are higher. Based on the considerable role of carbohydrates in
Iranian diets and their low-quality diets, focusing on improving
carbohydrate quality would be a beneficial strategy to make better
food choices among Iranians (43).

In prospective studies, liquid carbohydrates intake was
associated with weight gain, while there was a reverse association
between consumption of solid carbohydrates and high weight
gain (75-78). Examination of the systematic evidence presented
for the effect of long-term intervention with low GI and GL on
fasting insulin level and proinflammatory markers showed that it
could effectively prevent obesity-related disease (79).

Dietary fiber and whole grains are more related to health
outcomes than the GI or GL content of foods. Although the GI
provides a measure of the glycemic potential of the carbohydrate
content of foods, some low GI foods might have other attributes
that are not health promoting. Foods with added fructose or
sucrose and mixed foods high in SFA and carbohydrate (i.e.,
confectionery products) may have a low GI (33). Findings from
a dose-response meta-analysis showed that diets identified by
low dietary fiber contribute to NCDs, and therefore, quantitative
recommendations for dietary fiber intake will be beneficial.
While consumption in the range of 25-29 g/day is sufficient,
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dose-responses data showed that amounts >30 g/day have more
advantages (47).

Given the effect of low GI in the development of obesity,
there is evidence that low GI diets enhance satiety by reducing
voluntary food intake, thus reducing total energy intake. It can
be effective for body-weight maintenance. It may prevent obesity
(80-82). In contrast, the intake of a high GI diet motivates
increases in hunger and leads to increased food intake, thus
affecting energy balance and body composition (83). Fiber-
containing foods should be chewed before passing through the
stomach and into the small bowel, affecting satiety, glucose
and insulin responses, and lipid absorption. Whole foods that
require chewing and retain much of their structure in the gut
are more likely to cause a feeling of satiety, leading to weight
loss and balance of carbohydrate and lipid metabolism. In the
large bowel, fiber is almost completely broken down by the
resident microflora under a set of anaerobic reactions known
as fermentation. The gut microbiota plays a substantial role in
human health (84).

This study has important strengths. To the authors
knowledge, this study was the first to investigate CQI in
meals and its association with MetS and its components. We
had a sufficient sample size in this study that was done within
25 health houses in the Tehran Metropolis. Despite these
strengths, the study has some limitations. First, this study
had a cross-sectional design, and the findings do not establish
causality between CQI and MetS; therefore, the results should
be interpreted with caution. Second, using the questionnaire
retrospectively may reduce information recall. There was also
under-reporting and over-reporting of food items received.
Third, even though the data were controlled for some potential
confounders, the effects of eating behavior, menopausal status,
and residual confounding cannot be discounted.

CONCLUSION

In conclusion, in this study, CQI was not associated with
MetS. However, CQI may contribute to the nutritional therapy

REFERENCES

1. Alberti K, Eckel RH, Grundy SM, Zimmet PZ, Cleeman ]I, 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 society;
and international association for the study of obesity. Circulation. (2009)
120:1640-5. doi: 10.1161/CIRCULATIONAHA.109.192644

2. Ford ES Li C, Zhao G. Prevalence and correlates of metabolic syndrome
based on a harmonious definition among adults in the US. J Diabetes. (2010)
2:180-93. doi: 10.1111/j.1753-0407.2010.00078.x

3. Martinez MA, Puig JG, Mora M, Aragén R, O’Dogherty P, Antén JL,
et al. Metabolic syndrome: prevalence, associated factors, and C-reactive
protein: the MADRIC (MADrid Rlesgo Cardiovascular). Study Metab. (2008)
57:1232-40. doi: 10.1016/j.metabol.2008.04.017

of improving low-HDL. Although, findings should be treated
with caution, considering several conflicting results between
studies. Further investigations into the mechanisms underlying
the role of carbohydrate quality in the development of metabolic
disorders are warranted.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by Tehran University of Medical Sciences
(Ethic Number: IR.TUMS.MEDICINE.REC.1399.797). The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

SS-B and KD contributed to the conception/design of
the research and critically revised the manuscript. MM
and ZA contributed to the acquisition of data. MM, FH,
and EB participated in the analysis and interpretation of
the data. MM, AL, and HI drafted the manuscript. SS-B
agreed to be fully accountable for ensuring the integrity and
accuracy of the work. All authors contributed to manuscript
revision, read, and approved the submitted version of
the manuscript.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnut.2022.
763345/full#supplementary-material

4. Mazloomzadeh S, Khazaghi ZR, Mousavinasab N. The prevalence of
metabolic syndrome in Iran: a systematic review and meta-analysis. Iran J
Public Health. (2018) 47:473.

5. Hollenberg N. Genetic versus environmental etiology of the metabolic
syndrome among male and female twins. Current Hypertension Rep. (2002)
4:178. doi: 10.1007/s11906-002-0003-8

6. Yosaee S, Khodadost M, Esteghamati A, Speakman JR, Shidfar F Nazari
MN, et al. Metabolic syndrome patients have lower levels of adropin when
compared with healthy overweight/obese and lean subjects. Am ] Mens Health.
(2017) 11:426-34. doi: 10.1177/1557988316664074

7. St-Onge MP, Ard J, Baskin ML, Chiuve SE, Johnson HM, Kris-Etherton P,
Varady K. Meal timing and frequency: implications for cardiovascular disease
prevention: a scientific statement from the American Heart Association.
Circulation. (2017) 135:¢96-e121. doi: 10.1161/CIR.0000000000000476

8. Froy O. Metabolism and circadian rhythms-implications for obesity.
Endocrine Rev. (2010) 31:1-24. doi: 10.1210/er.2009-0014

Frontiers in Nutrition | www.frontiersin.org

April 2022 | Volume 9 | Article 763345


https://www.frontiersin.org/articles/10.3389/fnut.2022.763345/full#supplementary-material
https://doi.org/10.1161/CIRCULATIONAHA.109.192644
https://doi.org/10.1111/j.1753-0407.2010.00078.x
https://doi.org/10.1016/j.metabol.2008.04.017
https://doi.org/10.1007/s11906-002-0003-8
https://doi.org/10.1177/1557988316664074
https://doi.org/10.1161/CIR.0000000000000476
https://doi.org/10.1210/er.2009-0014
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Majdi et al.

Carbohydrate Quality and Metabolic Syndrome

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. WangJB, Patterson RE, Ang A, Emond JA, Shetty N, Arab L. Timing of energy

intake during the day is associated with the risk of obesity in adults. ] Human
Nutr Dietetics. (2014) 27:255-62. doi: 10.1111/jhn.12141

Kunzova MS, Medina-Inojosa JR, Agodi A, Barchitta M, Homolka
M, et al. Association between eating time interval and frequency
with ideal cardiovascular health: Results from a sample
Czech urban population. Nutr Metab Cardiovasc (2018)
28:847-55. doi: 10.1016/j.numecd.2018.04.002

Antunes LC, Levandovski R, Dantas G, Caumo W, Hidalgo MP. Obesity
and shift work: chronobiological aspects. Nutr Res Rev. (2010) 23:155-
68. doi: 10.1017/S0954422410000016

Jiang P, Turek FW. Timing of meals: when is as critical as what
and how much. Am ] Physiol Endocrinol Metabol. (2017) 312:E369-
80. doi: 10.1152/ajpendo.00295.2016

Ha K, Song Y. Associations of meal timing and frequency with obesity
and metabolic syndrome among Korean adults. Nutrients. (2019)
11:2437. doi: 10.3390/nu11102437

Stote KS, Baer DJ, Spears K, Paul DR, Harris GK, Rumpler WV, et al. A
controlled trial of reduced meal frequency without caloric restriction in
healthy, normal-weight, middle-aged adults. Am J Clin Nutr. (2007) 85:981-
8. doi: 10.1093/ajcn/85.4.981

Pérez-Martinez P, Mikhailidis DP, Athyros VG, Bullo M, Couture P, Covas
MI, et al. Lifestyle recommendations for the prevention and management
of metabolic syndrome: an international panel recommendation. Nutr Rev.
(2017) 75:307-26. doi: 10.1093/nutrit/nux014

Martinez-Gonzalez MA, Fernandez-Lazaro CI, Toledo E, Diaz-Lopez A,
Corella D, Goday A, et al. Carbohydrate quality changes and concurrent
changes in cardiovascular risk factors: a longitudinal analysis in the
PREDIMED-Plus randomized trial. Am ] Clin Nutr. (2020) 111:291-306.
doi: 10.1093/ajen/nqz298

Juanola-Falgarona M, Salas-Salvadé ], Buil-Cosiales P, Corella D, Estruch R,
RosE, et al. Dietary glycemic index and glycemic load are positively associated
with risk of developing metabolic syndrome in middle-aged and elderly adults.
J Am Geriatr Soc. (2015) 63:1991-2000. doi: 10.1111/jgs.13668

Zhang JY, Jiang YT, Liu YS, Chang Q, Zhao YH, Wu QJ. The association
between glycemic index, glycemic load, and metabolic syndrome: a systematic
review and dose-response meta-analysis of observational studies. Eur | Nutr.
(2020) 59:451-63. doi: 10.1007/s00394-019-02124-z

Kwon Y], Lee HS, Lee JW. Association of carbohydrate and
fat intake with metabolic syndrome. Clin Nutr. (2018) 37:746-
51. doi: 10.1016/j.cInu.2017.06.022

Ahn J, Kim NS, Lee BK, Park S. Carbohydrate intake exhibited a positive
association with the risk of metabolic syndrome in both semi-quantitative
food frequency questionnaires and 24-hour recall in women. ] Korean Med
Sci. (2017) 32:1474-83. doi: 10.3346/jkms.2017.32.9.1474

Ha K, Kim K, Chun OK, Joung H, Song Y. Differential association of dietary
carbohydrate intake with metabolic syndrome in the US and Korean adults:
data from the 2007-2012 NHANES and KNHANES. Eur J Clin Nutr. (2018)
72:848-60 doi. doi: 10.1038/s41430-017-0031-8

Kim K, Yun SH, Choi BY, Kim MK. Cross-sectional relationship between
dietary carbohydrate, glycaemic index, glycaemic load and risk of the
metabolic syndrome in a Korean population. Br J Nutr. (2008) 100:576-
84. doi: 10.1017/S0007114508904372

Bruscato NM, da Costa Vieira JL, do Nascimento NMR, Canto MEP,
Stobbe JC, Gottlieb MG, et al. Dietary intake is not associated to the
metabolic syndrome in elderly women. North Am ] Med Sci. (2010)
2:182. doi: 10.4297/najms.2010.2182

Santiago S, Zazpe I, Bes-Rastrollo M, Sdnchez-Tainta A, Sayén-Orea C, de la
Fuente-Arrillaga C, et al. Carbohydrate quality, weight change and incident
obesity in a Mediterranean cohort: the SUN Project. Eur J Clin Nutr. (2015)
69:297-302. doi: 10.1038/ejcn.2014.187

Suara SB, Siassi E Saaka M, Rahimi Foroshani A, Sotoudeh
G. Association between carbohydrate quality and general
and abdominal obesity in women: a cross-sectional study from
Ghana. BMJ Open. (2019) 9:€033038. doi: 10.1136/bmjopen-2019-0
33038

Tay J, Luscombe-Marsh ND, Thompson CH, Noakes M, Buckley JD, Wittert
GA, et al. A very low-carbohydrate, low-saturated fat diet for type 2

random
Dis.

index

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

diabetes management: a randomized trial. Diabetes Care. (2014) 37:2909-
18. doi: 10.2337/dc14-0845

Zinn C, McPhee J, Harris N, Williden M, Prendergast K, Schofield G.
A 12-week low-carbohydrate, high-fat diet improves metabolic health
outcomes over a control diet in a randomised controlled trial with
overweight defence force personnel. Appl Physiol Nutr Metab. (2017) 42:1158-
64. doi: 10.1139/apnm-2017-0260

Stentz FB, Brewer A, Wan ], Garber C, Daniels B, Sands C, et al. Remission
of pre-diabetes to normal glucose tolerance in obese adults with high protein
versus high carbohydrate diet: randomized control trial. BMJ Open Diabetes
Res Care. (2016) 4. doi: 10.1136/bmjdrc-2016-000258

Myhre JB, Loken EB, Wandel M, Andersen LE. Meal types as sources for
intakes of fruits, vegetables, fish and whole grains among Norwegian adults.
Public Health Nutr. (2015) 18:2011-21. doi: 10.1017/51368980014002481
Leech RM, Worsley A, Timperio A, McNaughton SA. Understanding meal
patterns: definitions, methodology and impact on nutrient intake and diet
quality. Nutr Res Rev. (2015) 28:1-21. doi: 10.1017/50954422414000262
Kahleova H, Lloren JI, Mashchak A, Hill M, Fraser GE. Meal frequency and
timing are associated with changes in body mass index in adventist health
study 2. ] Nutr. (2017) 147:1722-8. doi: 10.3945/jn.116.244749

Willett W, Stampfer M]J. Total energy intake: implications
for epidemiologic analyses. Am ] Epidemiol. (1986) 124:17-
27. doi: 10.1093/oxfordjournals.aje.al 14366

Atkinson FS, Foster-Powell K, Brand-Miller JC. International tables of
glycemic index and glycemic load values. Diabetes Care. (2008) 31:2281-
3. doi: 10.2337/dc08-1239

Taleban F, Esmaeili M. Glycemic index of Iranian foods. Natl Nutr Food
Technol Res Inst Publ (1999).

ARS. US Department of Agriculture, FoodData Central. Washington DC:
USDA (2019).

Ashwell M, Hsieh SD. Six reasons why the waist-to-height ratio is a rapid and
effective global indicator for health risks of obesity and how its use could
simplify the international public health message on obesity. Int J Food Sci
Nutr. (2005) 56:303-07. doi: 10.1080/09637480500195066

Craig C, Marshall A, Sjostrom M, Bauman A, Lee P, Macfarlane D, et al.
International physical activity questionnaire-short form. ] Am Coll Health.
(2017) 65:492-501.

Igbal SI, Helge JW, Heitmann BL. Do energy density and dietary fiber
influence subsequent 5-year weight changes in adult men and women? Obesity
(Silver Spring). (2006) 14:106-14. doi: 10.1038/0by.2006.13

Ludwig DS, Pereira MA, Kroenke CH, Hilner JE, Van Horn L, Slattery ML,
et al. Dietary fiber, weight gain, and cardiovascular disease risk factors in
young adults. JAMA. (1999) 282:1539-46. doi: 10.1001/jama.282.16.1539
Zazpe 1, Sanchez-Tainta A, Santiago S, de la Fuente-Arrillaga C, Bes-Rastrollo
M, Martinez JA, et al. Association between dietary carbohydrate intake quality
and micronutrient intake adequacy in a Mediterranean cohort: the SUN
(Seguimiento Universidad de Navarra) Project. Br J Nutr. (2014) 111:2000—
9. doi: 10.1017/S0007114513004364

Yancy WS, Wang C-C, Maciejewski ML. Trends in energy and macronutrient
intakes by weight status over four decades. Public Health Nutr. (2014) 17:256-
65. doi: 10.1017/S1368980012005423

Slyper AH. The influence of carbohydrate quality on cardiovascular disease,
the metabolic syndrome, type 2 diabetes, and obesity—an overview. J Pediatr
Endocrinol Metab. (2013) 26:617-29. doi: 10.1515/jpem-2012-0419
Azadbakht L, Mohammadifard N, Akhavanzanjani M, Taheri M, Golshahi
J. Haghighatdoost F. The association between dietary glycemic index,
glycemic load and diet quality indices in Iranian adults: results from
Isfahan Healthy Heart Program. Int ] Food Sci Nutr. (2016) 67:161-
9. doi: 10.3109/09637486.2015.1134443

Kim DY, Kim S, Lim H. Association between dietary carbohydrate quality
and the prevalence of obesity and hypertension. ] Hum Nutr Diet. (2018)
31:587-96. doi: 10.1111/jhn.12559

de Mello Fontanelli M, Sales CH, Carioca AAF, Marchioni DM, Fisberg
RM. The relationship between carbohydrate quality and the prevalence of
metabolic syndrome: challenges of glycemic index and glycemic load. Eur J
Nutr. (2018) 57:1197-205. doi: 10.1007/s00394-017-1402-6

Mogre V, Nyaba R, Aleyira S, Sam NB. Demographic, dietary and
physical activity predictors of general and abdominal obesity among

Frontiers in Nutrition | www.frontiersin.org

April 2022 | Volume 9 | Article 763345


https://doi.org/10.1111/jhn.12141
https://doi.org/10.1016/j.numecd.2018.04.002
https://doi.org/10.1017/S0954422410000016
https://doi.org/10.1152/ajpendo.00295.2016
https://doi.org/10.3390/nu11102437
https://doi.org/10.1093/ajcn/85.4.981
https://doi.org/10.1093/nutrit/nux014
https://doi.org/10.1093/ajcn/nqz298
https://doi.org/10.1111/jgs.13668
https://doi.org/10.1007/s00394-019-02124-z
https://doi.org/10.1016/j.clnu.2017.06.022
https://doi.org/10.3346/jkms.2017.32.9.1474
https://doi.org/10.1038/s41430-017-0031-8
https://doi.org/10.1017/S0007114508904372
https://doi.org/10.4297/najms.2010.2182
https://doi.org/10.1038/ejcn.2014.187
https://doi.org/10.1136/bmjopen-2019-033038
https://doi.org/10.2337/dc14-0845
https://doi.org/10.1139/apnm-2017-0260
https://doi.org/10.1136/bmjdrc-2016-000258
https://doi.org/10.1017/S1368980014002481
https://doi.org/10.1017/S0954422414000262
https://doi.org/10.3945/jn.116.244749
https://doi.org/10.1093/oxfordjournals.aje.a114366
https://doi.org/10.2337/dc08-1239
https://doi.org/10.1080/09637480500195066
https://doi.org/10.1038/oby.2006.13
https://doi.org/10.1001/jama.282.16.1539
https://doi.org/10.1017/S0007114513004364
https://doi.org/10.1017/S1368980012005423
https://doi.org/10.1515/jpem-2012-0419
https://doi.org/10.3109/09637486.2015.1134443
https://doi.org/10.1111/jhn.12559
https://doi.org/10.1007/s00394-017-1402-6
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Majdi et al.

Carbohydrate Quality and Metabolic Syndrome

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

university students: a cross-sectional study. Springerplus. (2015)
4:226. doi: 10.1186/540064-015-0999-2
Reynolds A, Mann J, Cummings J, Winter N, Mete E, Te

Morenga L. Carbohydrate quality and human health: a series of
systematic reviews and meta-analyses. Lancet. (2019) 393:434-
45. doi: 10.1016/50140-6736(18)31809-9

Dehghan M, Mente A, Zhang X, Swaminathan S, Li W, Mohan V, et al.
Associations of fats and carbohydrate intake with cardiovascular disease and
mortality in 18 countries from five continents (PURE): a prospective cohort
study. Lancet. (2017) 390:2050-62. doi: 10.1016/S0140-6736(17)32252-3
Nakamura Y, Okuda N, Okamura T, Kadota A, Miyagawa N, Hayakawa
T, et al. Low-carbohydrate diets and cardiovascular and total mortality in
Japanese: a 29-year follow-up of NIPPON DATAS80. Br ] Nutr. (2014) 112:916-
24. doi: 10.1017/S0007114514001627

Augustin LS, Kendall CW, Jenkins DJ, Willett WC, Astrup A, Barclay
AW, et al. Glycemic index, glycemic load and glycemic response:
an International Scientific Consensus Summit from the International
Carbohydrate Quality Consortium (ICQC). Nutr Metab Cardiovasc Dis.
(2015) 25:795-815. doi: 10.1016/j.numecd.2015.05.005

Nasrabadi F, Omidvar N, Khoshfetrat M, Kolahdooz
F. Household food insecurity in the Islamic Republic of Iran: a
systematic review and meta-analysis. East Mediterr Health ]. (2014)
20:698-706 doi: 10.26719/2014.20.11.698

Akbartabar Toori MP, Kiani FM, Sayehmiri FP, Sayehmiri KP, Mohsenzadeh
YM, Ostovar RP, et al. Prevalence of hypercholesterolemia, high LDL, and
Low HDL in Iran: a systematic review and meta-analysis. Iran | Med Sci.
(2018) 43:449-65.

Finley CE, Barlow CE, Halton TL, Haskell WL. Glycemic index, glycemic load,
and prevalence of the metabolic syndrome in the cooper center longitudinal
study. ] Am Dietetic Assoc. (2010) 110:1820-9. doi: 10.1016/j.jada.2010.09.016
Culberson A, Kafai MR, Ganji V. Glycemic load is associated with HDL
cholesterol but not with the other components and prevalence of metabolic
syndrome in the third National Health and Nutrition Examination Survey,
1988-1994. Int Arch Med. (2009) 2:3. doi: 10.1186/1755-7682-2-3

Ludwig DS. The glycemic index: physiological mechanisms relating to
obesity, diabetes, and cardiovascular disease. JAMA. (2002) 287:2414-
23. doi: 10.1001/jama.287.18.2414

Pawlak DB, Kushner JA, Ludwig DS. Effects of dietary glycaemic index
on adiposity, glucose homoeostasis, and plasma lipids in animals. Lancet
(London, England). (2004) 364:778-85. doi: 10.1016/S0140-6736(04)16937-7
Blaak EE, Antoine JM, Benton D, Bjorck I, Bozzetto L, Brouns F
et al. Impact of postprandial glycaemia on health and prevention of
disease. Obes Rev. (2012) 13:923-84. doi: 10.1111/j.1467-789X.2012.0
1011.x

Calabrese V, Cornelius C, Dinkova-Kostova AT, Calabrese EJ, Mattson MP.
Cellular stress responses, the hormesis paradigm, and vitagenes: novel
targets for therapeutic intervention in neurodegenerative disorders.
Antioxid Redox Signal. (2010) 13:1763-811. doi: 10.1089/ars.2009.
3074

Dattilo S, Mancuso C, Koverech G, Mauro PDi, Ontario ML, Petralia
CC, et al. Heat shock proteins and hormesis in the diagnosis and
treatment of neurodegenerative diseases. Immun Ageing. (2015) 12:20-
20. doi: 10.1186/512979-015-0046-8

Arumugam TV,  Gleichmann M, Tang SC, Mattson MP.
Hormesis/preconditioning mechanisms, the nervous system and aging.
Ageing Res Rev. (2006) 5:165-78. doi: 10.1016/j.arr.2006.03.003

Mattson MP. Hormesis and disease resistance: activation of
cellular stress response pathways. Human Exp Toxicol. (2008)
27:155-62. doi: 10.1177/0960327107083417

Manach C, Scalbert A, Morand C, Rémésy C, Jiménez L.
Polyphenols: food sources and bioavailability. Am J Clin Nutr. (2004)
79:727-47. doi: 10.1093/ajcn/79.5.727

Giglio RV, Patti AM, Cicero AFG, Lippi
PP, et al. Polyphenols: potential use in the prevention and
treatment of cardiovascular diseases. Curr Pharm Des. (2018)
24:239-58. doi: 10.2174/1381612824666180130112652

Guo X, Tresserra-Rimbau A, Estruch R, Martinez-Gonzilez MA, Medina-
Remon A, Castaiier O, et al. Effects of polyphenol, measured by a biomarker

Mohammadi

G, Rizzo M, Toth

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

of total polyphenols in urine, on cardiovascular risk factors after a long-
term follow-up in the PREDIMED study. Oxid Med Cell Longev. (2016)
2016:2572606. doi: 10.1155/2016/2572606

Kawser Hossain M, Abdal Dayem A, Han J, Yin Y, Kim K, Kumar Saha S,
et al. Molecular mechanisms of the anti-obesity and anti-diabetic properties
of flavonoids. Int J Mol Sci. (2016) 17:569. doi: 10.3390/ijms17040569

Kessler K, Pivovarova-Ramich O. Meal timing, aging, and metabolic health.
Int ] Mol Sci. (2019) 20:1911. doi: 10.3390/ijms20081911

Almoosawi S, Prynne CJ, Hardy R, Stephen AM. Time-of-day and nutrient
composition of eating occasions: prospective association with the metabolic
syndrome in the 1946 British birth cohort. Int J Obes. (2005) 37:725-
31. doi: 10.1038/1j0.2012.103

Almoosawi S, Prynne CJ, Hardy R, Stephen AM. Diurnal eating
rhythms: association with long-term development of diabetes in
the 1946 British birth cohort. Nutr Metab Cardiovasc Dis. (2013)
23:1025-30. doi: 10.1016/j.numecd.2013.01.003

Madjd A, Taylor MA, Delavari A, Malekzadeh R, Macdonald IA, Farshchi HR.
Beneficial effect of high energy intake at lunch rather than dinner on weight
loss in healthy obese women in a weight-loss program: a randomized clinical
trial. Am J Clin Nutr. (2016) 104:982-9. doi: 10.3945/ajcn.116.134163
Sproesser G, Ruby MB, Arbit N, Akotia CS, Alvarenga MDS, Bhangaokar R,
et al. Understanding traditional and modern eating: the TEP10 framework.
BMC Public Health. (2019) 19:1606. doi: 10.1186/s12889-019-7844-4
Kobayashi F, Ogata H, Omi N, Nagasaka S, Yamaguchi S, Hibi M,
et al. Effect of breakfast skipping on diurnal variation of energy
metabolism and blood glucose. Obes Res Clin Pract. (2014) 8:e249-
57. doi: 10.1016/j.0rcp.2013.01.001

Nas A, Mirza N, Hégele E Kahlhofer J, Keller J, Rising R, et al. Impact
of breakfast skipping compared with dinner skipping on regulation of
energy balance and metabolic risk. Am ] Clin Nutr. (2017) 105:1351-
61. doi: 10.3945/ajcn.116.151332
Esmaillzadeh A, Azadbakht
associated with serum concentrations
inflammatory biomarkers among Iranian women.
142:334-9. doi: 10.3945/jn.111.146167

Okarter N, Liu RH. Health benefits of whole grain phytochemicals. Crit Rev
Food Sci Nutr. (2010) 50:193-208. doi: 10.1080/10408390802248734
Mozaffarian D, Hao T, Rimm EB, Willett WC, Hu FB. Changes in diet and
lifestyle and long-term weight gain in women and men. N Engl ] Med. (2011)
364:2392-404. doi: 10.1056/NEJMo0al014296

Fogelholm M, Anderssen SI, Gunnarsdottir I, Lahti-Koski M. Dietary
macronutrients and food consumption as determinants of long-term weight
change in adult populations: a systematic literature review. Food Nutr Res.
(2012) 56:19103. doi: 10.3402/fnr.v56i0.19103

Hutfless S, Gudzune KA, Maruthur N, Wilson RE Bleich SN, Lau BD, et al.
Segal, strategies to prevent weight gain in adults: a systematic review. Am |
Prev Med. (2013) 45:e41-51. doi: 10.1016/j.amepre.2013.07.013

Du H, van der A DL, Boshuizen HC, Forouhi NG, Wareham NJ, Halkjaer
], et al. Dietary fiber and subsequent changes in body weight and waist
circumference in European men and women. Am J Clin Nutr. (2010) 91:329-
36. doi: 10.3945/ajcn.2009.28191

Schwingshackl L, Hoffmann GJN. Long-term effects of low glycemic
index/load vs. high glycemic index/load diets on parameters of obesity
and obesity-associated risks: a systematic review and meta-analysis. Nutr
Metab Cardiovasc Dis. (2013) 23:699-706. doi: 10.1016/j.numecd.201
3.04.008

Arumugam V, Lee J-S, Nowak JK, Pohle R], Nyrop JE, Leddy ]JJ,
et al. A high-glycemic meal pattern elicited increased subjective appetite
sensations in overweight and obese women. Appetite. (2008) 50:215-
22. doi: 10.1016/j.appet.2007.07.003

Esfahani A, Wong JM, Mirrahimi A, Srichaikul K, Jenkins DJ, Kendall
CW. The glycemic index: physiological significance. ] Am Coll Nutr. (2009)
28:439S—45S doi. doi: 10.1080/07315724.2009.10718109

Burton-Freeman BM, Keim N. Glycemic index, cholecystokinin, satiety and
disinhibition: is there an unappreciated paradox for overweight women? Int J
Obes (Lond). (2008) 32:1647-54. doi: 10.1038/ij0.2008.159

Goss AM, Goree LL, Ellis AC, Chandler-Laney PC, Casazza K, Lockhart ME,
et al. Effects of diet macronutrient composition on body composition and

L. Legume consumption is inversely
of adhesion molecules and
J Nutr. (2012)

Frontiers in Nutrition | www.frontiersin.org

April 2022 | Volume 9 | Article 763345


https://doi.org/10.1186/s40064-015-0999-2
https://doi.org/10.1016/S0140-6736(18)31809-9
https://doi.org/10.1016/S0140-6736(17)32252-3
https://doi.org/10.1017/S0007114514001627
https://doi.org/10.1016/j.numecd.2015.05.005
https://doi.org/10.26719/2014.20.11.698
https://doi.org/10.1016/j.jada.2010.09.016
https://doi.org/10.1186/1755-7682-2-3
https://doi.org/10.1001/jama.287.18.2414
https://doi.org/10.1016/S0140-6736(04)16937-7
https://doi.org/10.1111/j.1467-789X.2012.01011.x
https://doi.org/10.1089/ars.2009.3074
https://doi.org/10.1186/s12979-015-0046-8
https://doi.org/10.1016/j.arr.2006.03.003
https://doi.org/10.1177/0960327107083417
https://doi.org/10.1093/ajcn/79.5.727
https://doi.org/10.2174/1381612824666180130112652
https://doi.org/10.1155/2016/2572606
https://doi.org/10.3390/ijms17040569
https://doi.org/10.3390/ijms20081911
https://doi.org/10.1038/ijo.2012.103
https://doi.org/10.1016/j.numecd.2013.01.003
https://doi.org/10.3945/ajcn.116.134163
https://doi.org/10.1186/s12889-019-7844-4
https://doi.org/10.1016/j.orcp.2013.01.001
https://doi.org/10.3945/ajcn.116.151332
https://doi.org/10.3945/jn.111.146167
https://doi.org/10.1080/10408390802248734
https://doi.org/10.1056/NEJMoa1014296
https://doi.org/10.3402/fnr.v56i0.19103
https://doi.org/10.1016/j.amepre.2013.07.013
https://doi.org/10.3945/ajcn.2009.28191
https://doi.org/10.1016/j.numecd.2013.04.008
https://doi.org/10.1016/j.appet.2007.07.003
https://doi.org/10.1080/07315724.2009.10718109
https://doi.org/10.1038/ijo.2008.159
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Majdi et al.

Carbohydrate Quality and Metabolic Syndrome

fat distribution during weight maintenance and weight loss. Obesity. (2013)
21:1139-42 doi. doi: 10.1002/0by.20191

Stephen AM, Cummings JH. Mechanism of action of dietary fibre in the
human colon. Nature. (1980) 284:283-4. doi: 10.1038/284283a0

84.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Majdi, Imani, Bazshahi, Hosseini, Djafarian, Lesani, Akbarzade
and Shab-Bidar. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Nutrition | www.frontiersin.org

12

April 2022 | Volume 9 | Article 763345


https://doi.org/10.1002/oby.20191
https://doi.org/10.1038/284283a0
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

	Habitual- and Meal-Specific Carbohydrate Quality Index and Their Relation to Metabolic Syndrome in a Sample of Iranian Adults
	Introduction
	Materials and Methods
	Data and Study Participants
	Dietary Assessment, Meal Timing, and CQI Calculation
	Anthropometric Assessment and Biochemical Tests
	Sociodemographic and Lifestyle Variables
	Metabolic Syndrome
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Supplementary Material
	References


