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Abstract

Background: The aim of the study was to evaluate the ability of a low carbohydrate diet score (LCD) to predict the occurrence of the
metabolic syndrome (MetS) and its components in a group of Tehrani children and adolescents after 3.6 years of follow-up.

Methods: Diet scores were calculated using a validated semi-quantitative food frequency questionnaire for participants aged 6—19 years,
selected from the Tehran Lipid and Glucose Study cohort. The LCD was calculated based on intake of carbohydrate, monounsaturated fatty
acids, refined grains and vegetable protein intake, expressed as a percentage of energy as well as fiber, n3/n6 polyunsaturated fatty acids
and glycemic load. The higher the score, the more closely the participant’s diet followed the pattern of LCD. The incidence of MetS and its
components was calculated three years later.

Results: The mean age of the participants was 13.8 £ 3.6 years and 45.4% were boys. The incidence rates of MetS, high blood pressure,
high triglycerides, low HDL-C, abdominal obesity, and high blood glucose were 7.5%, 11%, 15%, 6.9%, 18.3%, and 12.3%, respectively.
Compared to those in the lowest quartile of LCD score, after adjusting for age, sex, physical activity, and energy intake, participants in the
highest quartile of LCD score had odds ratios of 0.74 (95% CI: 0.24-2.28), 1.16 (95% CI: 0.47-2.81), 0.55(95% CI: 0.21-1.44), 0.49 (95%
Cl: 0.11-2.08), 0.91 (95% CI: 0.42—1.98), and 1.28 (95% CI: 0.51-3.20) with the incidence of MetS, high blood pressure, high triglycerides,
low HDL-C, abdominal obesity, and high blood glucose.

Conclusion: No association was found between LCD and the incidence of MetS or its components in children and adolescents in Tehran

after 3.6 years of follow up.
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Introduction

he prevalence of childhood overweight and obesity has in-

T creased at an alarming rate worldwide.! Since overweight
or obese children are much more likely to become over-
weight or obese adults,>* increased childhood overweight and
obesity is clearly a major contributor to adulthood obesity* as well
as the global burden of diseases.> Childhood obesity is linked to
underachievement and lower self-esteem in school® and is strong-
ly associated with risk factors for cardiovascular diseases, diabe-
tes, orthopedic problems, mental disorders and also the metabolic
syndrome (MetS).”® According to the third report of the National
Cholesterol Education Program Adult Treatment Panel III (ATP
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III), the MetS is now recognized as a secondary target for risk-
reduction therapy’ and according to the International Diabetes
Federation (IDF), the global prevalence of MetS is increasing in
children.' A recent study in Tehran showed that the MetS is high-
ly prevalent in Iranian adolescents, particularly among overweight
adolescents."

It is evident that obesity develops as the result of an inactive
lifestyle and a positive energy balance.'> However, the evidence
remains inconclusive in children. Some studies have indicated a
positive association between adiposity and dietary fat'*'® while
others have not."?° There are only few studies which have specifi-
cally showed macronutrient intake in relation to Body Mass Index
(BMI) and Waist circumference (WC) in children.”'?? Although a
relationship has been observed between fat intake and the insulin
sensitivity index (SI) in adolescents,” neither dietary fat nor car-
bohydrate was associated with SI in a prepubertal subset of their
cohort.?* Limited data exist in children on dietary determinants of
features of the MetS in children. A study showed that the dietary
macronutrient composition is a predictor of Insulin resistance (IR)
and systolic blood pressure (BP), but not resistin, adiponectin, or
leptin concentrations.?

Considering the elevated prevalence of MetS in Iranian adoles-
cents and the importance of distribution of macronutrients in di-
etary intakes, the purpose of the current study was to investigate
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the association between MetS and its individual components and
the dietary proportion of carbohydrates, protein and fat as well
as fatty acid and protein subtypes and glycemic load (GL) in the
frame of a low carbohydrate diet (LCD) score in Tehrani children
and adolescents.

Materials and Methods

Study population

The subjects in this study were selected from the third phase
(2006-2008) of the Tehran Lipid and Glucose Study (TLGS)*
and were followed up to the fourth phase (2009-2011). Out of
the 12523 initial participants, 3462 were randomly selected for
dietary assessment, categorized by age and sex. For the current
study, 621 individuals aged >6 yr and <20 yr, were included.
Subjects with incomplete physical activity, anthropometric, and
biochemical data (n = 29) and those over- or underreported (n =
6) were excluded. Over- or under-reporting was defined as the
reported energy intake divided by the predicted energy intake,
and reports that did not qualify for £3SD range were excluded.
Furthermore, subjects who had MetS (n = 69), high blood pres-
sure (n = 53), high triglycerides (n = 168), low HDL-C (n = 242),
high blood glucose (n = 12), or abdominal obesity (n = 145) were
excluded for individual analysis of incidence of MetS and its
components. Some individuals fell into more than one exclusion
category. After an average follow-up of 3.6 years, 401, 437, 347,
290, 479, and 352 subjects remained for the analysis of MetS,
blood pressure, triglycerides, HDL-C, blood glucose, and waist
circumference, respectively.

The design of this study was approved by the institutional ethics
commiittee of the Research Institute for Endocrine Sciences, affiliat-
ed with the Shahid Beheshti University of Medical Sciences, and in-
formed written consent was obtained from the participants’ parents.

Clinical and laboratory measurements

To measure blood pressure, the participants remained seated for
15 minutes; then, a qualified physician, using a standard mercury
sphygmomanometer with the cuff placed on the right arm, mea-
sured blood pressure twice and the mean values were used. Blood
samples, at baseline and during follow up, were drawn between
7:00 and 9:00 a.m. from all study participants after 12—14 hr
overnight fasting. All the blood analyses were done at the TLGS
research laboratory on the day of blood collection. Fasting plas-
ma glucose (FPG) was measured by the enzymatic colorimetric
method using glucose oxidase. Serum HDL-C was measured after
precipitation of the apolipoprotein B-containing lipoproteins with
phosphotungstic acid and serum triglycerides (TGs) were assayed
using an enzymatic colorimetric method with glycerol phosphate
oxidase. These analyses were performed using commercial kits
(Pars Azmoon Inc., Tehran, Iran) and a Selectra 2 auto analyzer
(Vital Scientific, Spankeren, The Netherlands).

Inter- and intra-assay coefficients of variations at baseline were
both 2.2% for FPG, 2 and 0.5% for HDL-C and 1.6 and 0.6% for
TGs, respectively.

Anthropometric measurements

Weight was measured, while participants were minimally
clothed without shoes, using digital scales (Seca 707, Seca Corp.,
Hanover, MD; range 0.1-150 kg) and recorded to the nearest 100
g. Standing height was measured without shoes, using a tape to
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the nearest 0.1 cm, while the shoulders were in a normal position.
BMI was calculated as weight (Kg) divided by square of height
(m?) (28).

Dietary intake assessment

A validated semi-quantitative food frequency questionnaire
(FFQ),” which contained 168 food items, was used by trained
dietitians with at least 5 years of experience in the TLGS survey®
in face-to-face interviews to evaluate the usual dietary intakes of
participants. The participants were asked to report their consump-
tion frequency during the previous year on a daily, weekly, or
monthly basis, and data were then converted to the mean daily
intakes assuming that one month equals 30.5 days.

Portion sizes of consumed foods, which were reported in house-
hold measures, were specified according to the US Department of
Agriculture (USDA) standard portion sizes (e.g., apple, 1 medi-
um; bread, 1 slice; dairy, 1 cup) and were then converted to grams.
When unable to use the USDA portion sizes, household measures
(e.g., beans, 1 tablespoon; chicken meat, 1 leg or wing; rice, 1
large or small plate) were used alternatively.?” The estimates of
nutrient intake are derived from the dietary sources alone. Since
the Iranian food composition table (FCT) is incomplete and pro-
vides limited data on the nutrient content of raw foods and bever-
ages,’® analyses of energy and nutrients of foods and beverages
were carried out using the USDA FCT.*! However, for some food
items such as Kashk which are not listed in the USDA FCT, Ira-
nian FCT was used alternatively.*® Moreover, for analyzing the
energy and nutrient contents of mixed food items (e.g. pizza),
usual restaurant recipes were used.

Since the Iranian Food Table of GI is incomplete,*? analyses of
GI content of foods and beverages were carried out using the in-
ternational tables of GI and GL values: 2008.%* However, the Ira-
nian Food Table of GI was used for some foods (like traditional
Iranian breads) that are not listed in the international tables of GI
and GL values: 2008. Food items for which a GI had not been
reported were attributed the GI of the nearest comparable food
item (e.g., tangerines were assigned the GI of oranges) or were
calculated using recipes. Lack of information about the GI of veg-
etables and legumes was resolved by calculating a mean GI for
usually consumed vegetables and legumes in our study. The GI is
based on the postprandial blood glucose response compared with
white bread. Average dietary GI and GL were derived from the
FFQ as follows:

Average dietary GI = [(carbohydrate content of each food item)
x (number of servings/d) x (GI)] /total daily carbohydrate intake

Dietary GL = (carbohydrate content of each food item) x (num-
ber of servings/d) x (GI)

Calculation of the low-carbohydrate-diet score

We divided the study participants into 11 strata for each com-
ponent; i.e. carbohydrate, mono unsaturated fatty acids (MUFA),
refined grains and vegetable protein intake, expressed as a per-
centage of energy as well as fiber (g/1000 Kcal), n3/n6 poly un-
saturated fatty acids (PUFA) and GL (Table 1). For MUFA, n3/
n6 PUFA, vegetable protein and fiber, adolescents in the highest
stratum received 10 points for that macronutrient; adolescents in
the next stratum received 9 points, and so on down to adolescents
in the lowest stratum who received 0 points. For carbohydrates,
refined grains and GL the order of the strata was reversed; those
with the lowest carbohydrate intake received 10 points and those
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Table 1. Criteria for determining low carbohydrate diet score.

Score CHO Fiber MUFA n3/n6 PUFA Refined grains Vegetable protein Glycemic load
(% energy) (g/1000 kcal) (% energy) ratio CHO (% energy) (% energy)
0 >65.34 <8.14 <797 <0.06 >34.30 <3.92 >114.44
1 62.62-65.33 8.15-9.50 7.98-8.89 0.07-0.07 29.56-34.29 3.93-4.51 92.66-114.43
2 60.76-62.61 9.51-10.67 8.99-9.56 0.08-0.07 26.48-29.55 4.52-4.94 79.98-92.65
3 59.22-60.75 10.68-11.77 9.57-10.21 0.08-0.08 23.77-26.47 4.95-5.22 71.16-79.88
4 57.57-59.21 11.78-12.85 10.22-10.94 0.09-0.08 21.59-23.76 5.23-5.51 65.69-71.15
5 56.38-57.65 12.86-13.88 10.95-11.53 0.09-0.09 19.52-21.58 5.52-5.76 57.78-65.68
6 54.82-56.37 13.89-15.19 11.54-12.04 0.10-0.09 17.39-19.51 5.77-6.08 51.75-57.77
7 53.26-54.81 15.20-16.87 12.05-12.65 0.10-0.10 15.33-17.38 6.09-6.42 45.93-51.74
8 50.81-53.25 16.88-18.81 12.66-13.41 0.11-0.11 13.12-15.32 6.43-7.02 38.31-45.92
9 46.65-50.80 18.82-21.68 13.42-14.91 0.12-0.13 10.23-13.11 7.03-7.94 31.00-38.30
10 <46.64 >21.69 >14.92 >0.14 <10.22 >7.95 <30.99
CHO = carbohydrate; MUFA = monounsaturated fatty acid; PUFA = polyunsaturated fatty acid

with the highest carbohydrate intake received 0 points. We used
the percentage of energy consumed instead of absolute intake to
reduce bias due to underreporting of food consumption and to rep-
resent dietary composition. The points for each of the items were
then summed to create the overall diet score, which ranged from 0
(the lowest fat and protein intake and the highest carbohydrate in-
take) to 70 (the highest protein and fat intake and the lowest carbo-
hydrate intake). Therefore, the higher the score, the more closely
the participant’s diet followed the pattern of a low-carbohydrate
diet, which was named as “low carbohydrate-diet score.”

Definition of the components of the metabolic syndrome

Because no universally accepted definition exists for MetS in
children, the definition proposed by Cook et al was used.** It de-
fines MetS as three or more of the following: Fasting TGs >110
mg/dL; HDL cholesterol <40 mgdL; WC >90™ percentile for age
and sex, according to national reference curves®; systolic blood
pressure (SBP) and /or diastolic blood pressure (DBP) =90 per-
centile for sex, age and height, from the National Heart, Lung, and
Blood Institute’s recommended cut-off points®, and fasting blood
glucose >100 mgdL, according to the recent recommendations of
the American Diabetes Association.’’

After about 3 years of follow up, the following criteria were
used for defining MetS in adults, according to the joint interim
statement (JIS)*® which requires the presence of any three of five
risk factors of the following: (i) Abdominal obesity as WC >91
cm for women and >89 c¢cm for men according population- and
country-specific cut-off points for Iranians®; (ii) FPG >100 mg/
dL or medical treatment; (iii) Fasting TGs >150 mg/dL or medi-
caltreatment; (iv) Fasting HDL-C <50 mg/dL for women and <40
mg/dL for men or medical treatment and (v) Raised blood pres-
sure was defined as systolic blood pressure (SBP) >130 mmHg,
diastolic blood pressure (DBP) >85 mmHg or antihypertensive
medical treatment.

Obesity, overweight, and normal BMI were defined based on the
standardized percentile curves of BMI suggested for Iranian chil-
dren and adolescents as >95" between >85" to <95%, and <85®
percentiles of BMI for age and sex, respectively.*

Statistical analysis

All statistical analyses were performed using the IBM SPSS ver-
sion 19 (IBM Corporation, New York, NY, USA, 2010). A 2-sided
P value <0.05 was considered significant. Descriptive statistics of
the baseline anthropometric and cardiometabolic characteristics
of the participants were described using means and standard de-

viation (SD), after testing for normal distribution for quantitative
variables and percentages for qualitative variables. Student’s # test
and y’test were used for comparison of continuous and categorical
variables between genders, respectively. Normality of all variables
was checked by Kolmogorov-Smirnov test. The participants were
categorized according to quartiles of carbohydrate score (<29, 30
— 35, 46 — 41, and >42). To test linear trend across quartiles of
LCD, the median of the respective quartile was assigned as the
exposure and the intake of food items or food groups as the con-
tinuous dependent variable. Logistic binary regression was used
to assess the association of LCD score and incidence of MetS and
its components. Two models were constructed: Model 1 was ad-
justed for age and gender, and model 2 was additionally adjusted
for physical activity and energy intake. Age and physical activity
score were entered in all models as continuous variables.

Results

The study population was composed of 45.4% boys and 54.6%
girls with mean ages of 13.4 + 3.6 and 14.3 + 3.7 years, respec-
tively. In this population, over an average follow-up of three years,
there were 7.5%, 11%, 15%, 12.3%, 18.3%, and 6.9% document-
ed cases of MetS, high blood pressure, high triglycerides, high
FBS, abdominal obesity, and low HDL-C, respectively. Partici-
pants with higher adherence of LCD were more likely to be girls,
and have lower WC, FPG, SBP, and DBP (P < 0.05, Table 2).

Baseline dietary intakes of the participants across quartiles of
the low carbohydrate diet score are shown in Table 3. The daily
intakes of total protein, animal protein, total fat, SFA, MUFA,
PUFA, n3-n6 ratio and fiber/1000 kcal significantly increased
across quartiles, while those of the daily intakes of energy, car-
bohydrate, refined grains, simple sugars, and fruits significantly
decreased across quartiles.

Using logistic regression analysis after controlling for age, sex,
physical activity, and energy intake, low carbohydrate diet score
showed no significant association with risk of MetS and its com-
ponents (Table 4). Specifically, participants with the highest ad-
herence to LCD (score) showed an odds ratio of 0.74 (95% CI:
0.24-2.28) in comparison to those with the lowest adherence for
MetS incidence (P for trend = 0.793). Regarding the incidence
of high triglycerides, low HDL-C, and abdominal obesity, the
comparison between extreme categories of adherence (quartile 4
versus quartile 2) showed similar point estimates of 0.55 (95%
CI: 0.21-1.44), 0.49 (95% CI: 0.11-2.08), and 0.91 (95% CI:
0.42-1.98), respectively.
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Table 2. Baseline anthropometric and cardio-metabolic characteristics of participants by age and sex.

Quartile 1 Quartile 2 Quartile 3 Quartile 4 P for trend”

Age (yr) 143+34 13.7+3.5 13.5+3.8 13.7+3.9 <0.114
Sex (% male) 52 47 43 37 0.006
BMI (Kg/m?) 21.7+4.5 20.3+4.5 20.8 4.5 20.8+4.5 0.146
WC (cm) 74.7+12.7 70.6 +12.7 70.5+13.3 704 +12.18 0.004
TC (mg/dL) 155.0 £29.5 156.4 +29.0 154.5+29.6 156.2+31.4 0.900
TG (mg/dL) 108.6 £ 58.0 97.1 £49.6 99.2 £ 68.6 94.9 £57.9 0.073
HDL-C (mg/dL) 43.1+£89 452+ 11.6 44.7+10.6 45.8+11.3 0.056
LDL-C (mg/dL) 89.5+24.2 92.0+25.6 89.4+23.5 91.1 £28.0 0.822
FBG (mg/dL) 86.1 +6.9 85.8+6.1 85.0+6.7 84.2+6.3 0.007
SBP (mmHg) 100.3£12.3 97.4+£125 99.9+12.4 993+ 11.4 <0.001
DBP (mmHg) 66.2+9.5 64.5+11.4 65.1+9.5 65.6+9.2 0.039
Overweight (%)* 16.3 16.3 19.4 19.7 0.421
Obesity (%)° 15.6 9.2 12.1 10.9 0.611
Abdominal obesity (%)° 31.0 17.6 25.2 21.8 0.337

BMI = body mass index, WC = waist circumference, TC = total cholesterol, TG = triglycerides, HDL-C = high density lipoprotein-cholesterol, LDL-C = low
density lipoprotein-cholesterol, FBG = fasting blood glucose, SBP = systolic blood pressure, DBP = diastolic blood pressure

‘Linear regression; ‘Overweight was defined as 95" < BMI >85" percentile according to national cut-off (40); *Obesity was defined as BMI >95" percentile
according to national cut-off (40); ‘Abdominal obesity was defined as WC > 90" percentile according to national cut-off (35).

Table 3. Baseline dietary intakes of the participants across quartiles of the low carbohydrate diet score.

Quartile 1 Quartile 2 Quartile 3 Quartile 4 P for trend”

Range <29 30-35 3641 >42

Energy (Kcal) 3017 £ 1295 2548 + 1196 2533 £ 1050 2305 + 1090 <0.001
Carbohydrate (%) 623+54 57.9+5.9 54.7+6.3 50.8+6.4 <0.001
Total protein (%) 124+2.1 129+1.9 13.46 £2.6 13.9+3.4 0.001
Vegetable protein (%) 5.8+14 5.6+1.5 5.8+1.5 5.8+ 1.6 0.467
Animal protein (%) 6.3+24 6.8+2.4 7.2+3.1 7.6+3.9 <0.001
Total fat (%) 273+4.38 31.6+5.7 344+64 38.1 +£6.1 <0.001
SFA (%) 9.5+2.5 11.0+£2.7 11.8+4.38 12.94+3.0 <0.001
MUFA (%) 9.2+1.8 10.8+2.2 12.14+2.6 13.44+2.6 <0.001
PUFA (%) 54+1.5 6.4+2.0 73+2.4 8.0+2.3 <0.001
n3 to n6 ratio 0.08 £ 0.03 0.09 £ 0.03 0.10+0.07 0.10+0.05 <0.001
Fiber (g) 41.0 £ 30.0 36.3+23.1 3794223 34.7+18.9 0.039
Fiber (g/1000Kcal) 13.1+5.8 142+5.6 149+6.2 153+4.8 <0.001
Whole grains (g) 754+94.4 79.6 +129.1 97.2+122.8 754 +67.1 0.611
Refined grains (g) 618.0 +365.6 381.7+173.5 332.0+ 144.6 264.9 £ 150.3 <0.001
Simple sugars (g) 93.1 £126.3 71.1+82.5 62.4+95.6 45.9 £ 59.1 <0.001
Starchy vegetables (g) 342 +£33.2 32.2+36.6 34.8+33.2 28.2 +38.8 0.242
Vegetables (g) 277.2 £ 196.0 233.5+166.5 263.3+166.2 241.7+182.6 0.178
Fruits (g) 531.8+433.9 407.3£321.8 370.0 +293.2 3234 +277.2 <0.001
Legumes (g) 159+28.4 12.6 £13.5 17.1 £20.9 20.5+29.7 0.063
Red meat (g) 30.8+27.0 33.2+31.7 343 +25.6 36.7+50.4 0.136
Nuts (g) 92+122 10.7£18.4 10.2£13.1 12.2+£26.4 0.182
Fish (g) 12.7+19.7 9.9+9.5 208+ 114+6 23.6 £ 126.6 0.190
Poultry (g) 24.3 £23.1 23.5+£28.5 32.3+£50.9 33.2+98.3 0.109

* Linear regression. SFA = saturated fatty acid, MUFA = monounsaturated fatty acid, PUFA = polyunsaturated fatty acid.

Table 4. Odds ratio (95% confidence interval) for metabolic syndrome (MetS) and its components incident by quartiles (Qs) of low carbohydrate
score diet.

Q1 Q2 Q3 Q4 P for trend*

MetS (n=401)

Model 1 1.00 0.60 (0.20-1.77) 0.99 (0.37-2.70) 0.72 (0.24-2.16) 0.753

Model 2 1.00 0.61 (0.20-1.84) 1.01 (0.37-2.78) 0.74 (0.24-2.28) 0.793
High blood pressure (n = 437)

Model 1 1.00 0.61 (0.23-1.58) 1.25 (0.55-2.87) 1.19 (0.50-2.82) 0.428

Model 2 1.00 0.58 (0.22-1.53) 1.21 (0.52-2.81) 1.16 (0.47-2.81) 0.456
High triglycerides (n = 347)

Model 1 1.00 1.21 (0.55-2.64) 0.79 (0.33-1.86) 0.59 (0.23-1.53) 0.231

Model 2 1.00 1.11 (0.50-2.46) 0.73 (0.31-1.73) 0.55 (0.21-1.44) 0.191
Low HDL-C (n=290)

Model 1 1.00 0.35 (0.08-1.45) 0.84 (0.27-2.56) 0.40 (0.09-1.63) 0.320

Model 2 1.00 0.44 (0.10-1.84) 1.02 (0.32-3.22) 0.49 (0.11-2.08) 0.574
High blood glucose (n = 479)

Model 1 1.00 2.06 (0.90-4.69) 1.50 (0.63-3.54) 1.40 (0.54-3.42) 0.543

Model 2 1.00 1.93 (0.84-4.45) 1.40 (0.58-3.34) 1.28 (0.51-3.20) 0.678
Abdominal obesity (n = 352)

Model 1 1.00 0.72 (0.34-1.52) 0.63 (0.29-1.40) 0.88 (0.41-1.87) 0.691

Model 2 1.00 0.75 (0.35-1.60) 0.65 (0.29-1.45) 0.91 (0.42-1.98) 0.752
* Linear regression; Model 1 was adjusted for age and gender; Model 2 was additionally adjusted for physical activity and energy intake.
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Discussion

In this population-based cohort study, the performance of LCD
in relation to incidence of MetS and its components in children
and adolescents was evaluated, and no significant association was
found.

Several studies conducted in adults have found that diet composi-
tion may play a pivotal role in the development of obesity and its
risk factors.*'* However, data from previous studies regarding the
role of dietary composition in relation to the development of child-
hood obesity and its risk factors remains inconclusive.

Similar to our findings, Elliott et al.,* investigated the possible
relationship between BMI and WC and energy intake and per-
centage energy intake from macronutrients in Australian children
and adolescents; no evidence of an association between percent-
age macronutrient intake and BMI or WC was found. Numerous
studies investigating the relationship between BMI, WC and/or
skin fold measurements and energy intake have suggested that the
macronutrient composition of the diet (protein, carbohydrate, fat)
may contribute considerably to obesity in childhood as it does in
adults. As shown by Aeberli et al., in children aged 6 to 14 years,
dietary macronutrient composition was a predictor of insulin resis-
tance and SBP.* Casazza et al., reported that energy intake from
fat was positively and energy from carbohydrate and protein was
inversely associated with fasting insulin.* Gillis et al., showed that
more dietary energy and fat are associated with juvenile adipos-
ity; the total consumed energy is more important than dietary fat
or type of dietary fat.*® Atkin and Davies showed that body fat
percentage was not significantly correlated with dietary intake of
total energy or percentage of energy from fat, carbohydrate, or
protein.*’” Gazzaniga et al., examined the relationship between diet
composition and body fatness in children aged 9-11 years. The
percentage of body fat correlated positively with intake of total,
saturated, monounsaturated, and polyunsaturated fatty acids, and
negatively with carbohydrate intake and total energy intake, ad-
justed for body weight.*® Also, Hassapidou et al., found that over-
weight and obese adolescents consumed fewer carbohydrates than
lean participants.*’

Some mechanisms have been proposed to shed light on the asso-
ciation of a low carbohydrate diet and cardio-metabolic factors. It
has been reported that high intake of carbohydrates and foods with
a high GI, particularly fructose, and relatively low intake of cho-
lesterol and saturated fat leads to rapid stimulation of lipogenesis
and accumulation of triglycerides, adipocyte hypertrophy, obesity-
associated macrophage accumulation in adipose tissue, increased
fructose end products like glyceraldehyde and dihydroxyacetone
phosphate, and glycation end products.® In the current study, the
range of LCD and its components was narrow, which indicated
that scores in the top and bottom quartiles were not far from each
other and could not clearly distinguish differences in dietary pat-
terns, and could attenuate the association of diet and outcome.

The current study is among the first follow-up studies to be per-
formed in countries undergoing nutrition transition, and its pro-
spective design makes it easy to interpret the association of low
carbohydrate diet with cardio-metabolic factors in children and
adolescents. To our knowledge, the present study, based on a valid
and detailed FFQ, is the first population-based cohort to examine
the relationship between MetS and LCD in a non-Western popula-
tion. Some limitations of our analysis deserve comment; measure-
ment bias was unavoidable, as an FFQ was used to assess dietary

G. Eslamian, P. Mirmiran, G. Asghari, et al.

intake, which might have led to underestimation of the associa-
tions. However, we used a validated FFQ and excluded the partici-
pants who were misreporting (under or over reporting) their energy
intake. Other limitations were a relatively small sample size and
short follow up duration.

Conclusion

This study reports new findings in the field of macronutrient in-
take in Iran and demonstrates that there is no relationship between
MetS and LCD after 3.6 years of follow-up. Evidently, more ro-
bust longitudinal studies are needed to elucidate the relationship
linking MetS and obesity and carbohydrate intake.
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