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Abstract

Background Globally, obesity trends are a serious public health concern. Adolescent obesity is associated with
cardiometabolic risk and metabolic disorders in adolescence and may persist into adulthood. The current study was
designed to explore the Dietary Approaches to Stop Hypertension (DASH) in adolescents and its relationship with
obesity, insulin resistance, metabolic syndrome (MetS), and some inflammatory biomarkers.

Methods A total of 90 adolescents with obesity and 90 adolescents with normal weight, participated in the study.
Data from a validated 168-item semi-quantitative food frequency questionnaire were used to calculate the DASH
score. The association of DASH score with cardiometabolic risk factors was estimated using multivariable logistic
regression models. To assess the correlation between the DASH score and dietary factor, the Pearson correlation
coefficient (r) was used.

Results Adolescents with a high DASH score had significantly higher intakes of potassium, magnesium, vitamin C,
and vitamin K and lower intakes of sodium compared with those with a low DASH score (P<0.05 ). There were no
significant differences in the DASH score and its components between adolescents with and without metabolic
syndrome. Adolescents with metabolic syndrome had significantly higher concentrations of triglycerides, low HDL-C,
and high blood pressure compared with those without metabolic syndrome (P <0.05). There were no significant
associations between DASH score and MetS and other cardiometabolic risk factors in crude and multivariate-adjusted
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models. In addition, the DASH score was positively associated with potassium, magnesium, sodium, vitamins D and C,

docosahexaenoic acid, and soluble fiber (P<0.05).

Conclusion In the current study, there was no significant association between adherence to the DASH diet and odds
of metabolic syndrome, and other cardiometabolic risk factors in adolescent. Further prospective studies are needed

to confirm these findings.

Trial registration Ethics approval was obtained from the research ethics committee of Tabriz University of Medical

Sciences (IR.TBZMED.REC.1397.179.).

Keywords Dietary approaches to stop hypertension, Overweight, Obesity, Metabolic syndrome, Insulin resistance,

Adolescent

Introduction

Obesity in children and adolescents is a multifactorial
and chronic condition that is characterized by a wide
range of causes and has serious consequences for health
[1]. By 2025, it is estimated that there will be 70 million
overweight or obese children and adolescents world-
wide [2]. The cluster of chronic diseases, previously
seen mainly in adults, is becoming increasingly com-
mon in children and adolescents [3]. Adolescent obe-
sity is associated with cardiometabolic risk throughout
adolescence and later with cardiovascular disease and
metabolic disorders including, obesity, insulin resistance,
impaired glucose tolerance, hypertension, and dyslipid-
emia through adulthood [4]. The most important modi-
fiable cardiometabolic risk factors are the accumulation
of excess weight, a sedentary lifestyle, and adherence to
unhealthy dietary patterns [5]. However, there is still no
consistent evidence of the impact of different dietary pat-
terns in children and adolescents on overall cardiometa-
bolic health.

Dietary patterns analysis is useful for understand-
ing the complex association between combining differ-
ent foods and nutrients and how they interact to affect
metabolic status [6]. Previous studies have shown that
unhealthy or Western diets high in refined grains, red
meat, processed foods, and saturated fats are positively
associated with several metabolic risk factors, includ-
ing dyslipidemia, obesity, insulin resistance, and low-
grade systemic inflammation [7]. Conversely, better
metabolic health is associated with a healthy diet high
in plant-based foods, seafood, and healthy oils [7]. It
is believed that the Dietary Approaches to Stop Hyper-
tension (DASH), as a healthy dietary pattern, could be a
strategy for preventing and managing metabolic risk fac-
tors and disease-related obesity [8]. DASH is a dietary
intervention that encourages the consumption of whole
grains, fruits, vegetables, low-fat dairy products, poul-
try, fish, nuts, and seeds and recommends less intake of
red and processed meat, sugary drinks, and sodium [8].
Studies have reported that this type of dietary interven-
tion is effective in reducing blood pressure and body
weight because the DASH diet leads to higher intakes of

magnesium, calcium, potassium, and fiber [9]. Research
has also shown that the DASH dietary pattern improves
lipid profile and glycemic control, resulting in a lower risk
of cardiovascular disease in adults [10]. In addition, the
DASH diet may also suppress the inflammatory process
because of its high anti-inflammatory components, such
as whole grains, fruits, vegetables, fiber, legumes, and
magnesium, which have been suggested to improve low-
grade systemic inflammation [11]. However, epidemio-
logical research investigating the effects of the DASH diet
on metabolic risk factors in adolescents is limited and has
yielded conflicting results. In a cross-sectional study, no
association was found between the DASH diet and blood
pressure, waist circumference, serum levels of glucose,
HDL cholesterol, or triglycerides in 11- to 30-year-olds
[12]. In contrast, three cohort studies reported a nega-
tive association between a high level of adherence to
the DASH diet and body weight and blood pressure in
adolescents [13—15]. A recent cohort study found that a
higher DASH score was a relationship with a reduction in
insulin resistance, but not with an improvement in other
metabolic risk factors in children and young adults [16].
Therefore, this case-control study aimed to evaluate the
association between the DASH diet score and cardiomet-
abolic risk factors including metabolic syndrome (MetS)
and its components, insulin resistance and some inflam-
matory biomarkers, in adolescents aged 12—18 years.

Materials and methods

Study design and population

The participants in this study were 90 adolescents with
obesity and 90 normal-weight adolescents between the
ages of 12 and 18 years who were recruited from urban
health centers and volunteers who agreed to take part in
the study via a public call. The control (normal-weight)
and case (obese) groups were matched based on age and
gender.

The current study is a sub-analysis of our previous
study [17]. For sample size calculation, based on the
study by Asghari et al. [18] we used data from the associ-
ation between DASH diet score and waist circumference
using PS software, and the sample size was calculated at
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180 participants (OR: 0.35(0.14—0.39); PO: 0.3; Power:
80% ; N=180). As all 180 children and adolescents were
not willing to give a blood sample, we calculated another
sample size to measure the biochemical parameters.
Therefore, the second sample size for biochemical testing
were estimated based on the mean and standard devia-
tion of the spexin factor and using PS software according
to the study by Kumar et al. (81 participants and with
11% attrition, 90 participants), [A=0.13; 6=0.21; m=1;
Power =80%; N=90] [19] .

The inclusion criteria for the case group were adoles-
cents with a body mass index (BMI) at or above the 95th
percentile of the Centers for Disease Control and Pre-
vention (CDC) growth charts; and for the control group,
adolescents with a BMI between the 5th and 85th percen-
tile. Exclusion criteria included a history of endocrine,
neurological, cardiovascular, gastrointestinal, or respira-
tory disease, following a special diet such as a weight-loss
diet or vegetarian diet, suspected obesity-related syn-
dromes (e.g. Prader-Willi syndrome), or cancer. The par-
ticipants and their parents were informed of the details
of the study and were asked to sign an informed consent
form.

Biochemical, and blood pressure measurements

Of the 180 participants (90 obese and 90 normal weight)
whose completed FFQ and anthropometric data and
body composition measurements were available, 90 were
willing to take blood. After 12 h of overnight fasting,
blood samples were taken from 90 adolescents (45 obese
and 45 normal weight). The control (normal weight)
and case (obese) groups were matched for age and sex.
Serum concentrations of IL-1p and IL-10 were assessed
by enzyme-linked immunosorbent assay (ELISA) method
(Bioassay Technology Laboratory (BT Lab); Shanghai
Korean Biotech Co Ltd) according to the manufacturer’s
instructions. Serum levels of high-sensitivity C-reactive
protein (hs-CRP) were measured using the turbidimetric
method. Serum fasting blood glucose (FBG), triglycerides
(TG), and high-density lipoprotein cholesterol (HDL-c)
were measured enzymatically using a colorimetric tech-
nique using commercial kits (Pars-Azmoon Co., Tehran,
Iran). The Friedewald equation was used to calculate low-
density lipoprotein cholesterol (LDL-c). The concentra-
tion of insulin was measured using the ELISA method
(Monobind, Lake Forest, CA, USA). The HOMA-IR was
calculated using the following formula [20]:

HOMA-IR = [fasting insulin (uIU/ml) x fasting glucose
(mg/dl)]/405.

Systolic and diastolic blood pressures (SBP and DBP,
respectively) were measured using a mercury sphyg-
momanometer. The cuff size was appropriate for each
adolescent who was placed in a supine position. Blood
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pressure readings were taken after a 15-minute rest
period.

Definition of metabolic syndrome

Based on the criteria of Cook et al. [21], adolescents
were diagnosed with MetS if they had at least three of
the five criteria, as follows: WC=>90th percentile for
age and sex [based on national reference curves [22]];
HDL-C<40 mg/dL; TGs>110 mg/dL; FBG>110 mg/dL
[according to the American Diabetes Association [23]];
SBP and DBP 290th percentile for sex, age, and height
[according to the National Heart, Lung, and Blood Insti-
tute’s recommended cut-off points [24]].

Assessment of insulin resistance

The fasting insulin level was used to diagnose hyperin-
sulinism. The pre-pubertal, pubertal, and post-pubertal
cut-off values for fasting insulin were 15 pU/mL, 30 uU/
mL, and 20 pU/mL, respectively [25, 26]. Furthermore,
cut-off values for HOMA-IR were determined according
to age and sex. Insulin resistance was diagnosed when the
HOMA-IR was 2.67/ 2.22 in boys/girls in the pre-puber-
tal period and 5.22/ 3.82 in boys/girls in the pubertal
period [26].

Physical activity and Anthropometric Assessment

The Modifiable Activity Questionnaire (MAQ) was used
to assess the level of physical activity in adolescents.
The reliability and validity of the Persian version of the
MAQ in young people were 97% and 49%, respectively
[27]. Participants were requested to report on the physi-
cal activities in which they had been involved in the past
12 months including the frequency and duration of each
activity identified. Each activity was weighted accord-
ing to its relative intensity, referred to as the metabolic
equivalent of the task (MET). For all levels of activity,
the MET obtained has been multiplied by the time spent
on each level of activity. MET time from each level was
added to a total of 24 h MET time, representing the aver-
age daily physical activity.

Adolescents’ height was measured by a stadiometer
with a precision of 0.5 centimeters while standing and
barefoot. The weight of the adolescents was measured
using a SECA digital weighing scale (Seca 707; Seca Cor-
poration, Hanover, Maryland; range: 0.1-150 kg) with an
accuracy of 0.1 kg while they were wearing light cloth-
ing. Weight (kg) divided by the square of height (m) was
also used to calculate BMI. Waist circumference (WC)
was measured at the site of the umbilicus using an out-
stretched tape measure and without applying pressure to
any surfaces, and was recorded to the nearest 0.1 cm. Hip
circumference (HC) was measured with the participants
standing at the point where the maximum circumference
over the buttocks was obtained using a tape measure
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accurate to 0.1 cm. A Tanita MC-780 S MA (Amsterdam,
The Netherlands) was used to measure body composi-
tion, including fat mass (FM) and fat-free mass (FFM).

Dietary assessment and DASH calculation

A trained interviewer recorded the adolescents’ dietary
intake over the previous year using a validated 168-item
semi-quantitative food frequency questionnaire (FFQ).
The reliability and validity of the FFQ have been tested
in young people [28]. Food frequency (daily, weekly,
monthly, and yearly) was recorded for all participants
based on standard portion sizes for each food item.
Using standard Iranian household measures, all intakes
were converted to grams per day. The parents were
asked to help their child remember the type of food and
the amount of food consumed in the FFQ items. Values
for energy, food group items, and nutrient intakes were
determined from the FFQ information using the revised
Nutritionist IV software (version 3.5.2). The dietary data
from the FFQs were used for the calculation of the DASH
scores for all participants. The reproducibility and valid-
ity of the FFQ for calculating the DASH score have been
previously investigated [29].

According to the Fung et al. study, adherence to the
DASH diet was evaluated based on intake of eight
food groups, including fruits, vegetables, whole grains,
legumes and nuts, low-fat dairy products, red or pro-
cessed meats, sodium, and sweetened beverages [30].
Daily intakes of eight food groups were calculated in
grams per 1000 kcal to adjust for the effect of daily
energy intake. The intakes of the eight food groups in
grams/1000 kcal were then divided into quintiles to cal-
culate the DASH score. Participants in the lowest quintile
of intake of fruits, vegetables, nuts and legumes, low-fat
dairy products, and whole cereals received a score of 1,
and those in the highest quintile received a score of 5.
The scoring method was reversed for red and processed
meat, sugar-sweetened beverages, and sodium. Hence,
participants in the lowest intake quintile were given a
score of 5, and those in the highest intake quintile were
given a score of 1. Then, to calculate the participant’s
score for adherence to the DASH diet, the scores for all
eight components were added together for each partici-
pant. The overall DASH score ranged from 5 (minimum
adherence) to 40 (maximum adherence), with 40 repre-
senting greater consistency between the self-reported
diet and the DASH diet score.

Statistical analysis

The normality of the distribution of the data was analyzed
using the skewness kurtosis test. Mean [standard devia-
tion (SD)] and median [interquartile range (IQR)] were
reported for normal and abnormal quantitative vari-
ables, respectively. Independent samples t-test (normal
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variables) or Mann-Whitney U-test (non-normal vari-
ables) were used for the determination of differences in
quantitative variables. Frequency and percent were used
for categorical variables. The chi-squared test was used
to assess differences between categories for qualitative
variables. Odds ratios (ORs) and 95% confidence inter-
vals (Cls) were estimated using logistic regression mod-
els; model 1: crude (unadjusted), multivariable-adjusted
model 2: adjusted for sex, age, and maturity, multivari-
able-adjusted model 3: adjustment for total dietary calo-
rie intake, birth weight, parental obesity plus model 2.
To estimate the correlation between the DASH score
and dietary factor, the Pearson correlation coefficient (r)
was used. The studied adolescents were divided into two
groups including ‘adolescents with a high DASH score”
and ‘adolescents with a low DASH score” based on the
DASH score median (median = 24).

Moreover, the studied population were divided in to
three and four groups, based on DASH score (tertiles and
quartiles).

SPSS version 23.0 (SPSS Inc., Chicago, IL, USA) was
used for statistical analysis. A P-value of less than 0.05
or a 95% CI for the OR that excludes 1.0 is considered
to be statistically significant. We used the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) statement checklist for reporting our data.

Results

As shown in Fig. 1, a total of 90 obese adolescents (45
girls, 45 boys) and 90 normal-weight adolescents (45
girls, 45 boys) between the ages of 12 and 18 years were
selected for the study. Among the 90 adolescents who
had biochemical data, 14 subjects (one person from the
control group and 13 subjects from the obese group) met
the criteria for metabolic syndrome and 76 subjects did
not have metabolic syndrome.

General characteristics and cardiometabolic risk fac-
tors of study adolescents with a high DASH score and
adolescents with a low DASH score were compared
in Table 1. No significant associations were observed
between two groups regarding general characteristics and
cardiometabolic risk factors. The results of analyses with
tertile and quartile divisions were also non-significant
(data not shown). However, potassium, magnesium, vita-
min C, and vitamin K intakes were significantly higher in
adolescents with a high DASH score, and sodium intake
was significantly higher in those with a low DASH score.

Table 2 compares DASH score, dietary intakes, anthro-
pometric measurements, and biochemical characteristics
of adolescents with and without metabolic syndrome.
No significant associations were observed between ado-
lescents with and without metabolic syndrome regard-
ing DASH score and its components. Participants with
metabolic syndrome had significantly lower HDL-C
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Fig. 1 Flowchart of study

concentrations and higher TG, SBP, DBP, and FM
(P<0.05) compared with those without metabolic syn-
drome. However, there was no difference in any other
parameter between adolescents with and without the
metabolic syndrome.

Table 3 shows the ORs and 95% Cls for the associa-
tion of the DASH score with MetS and it’s components
including obesity, TG, WC, HDL, insulin resistance and
SBP. In crude and multivariate-adjusted models, there

n=45

Adolescence with obesity

were no significant associations between the DASH
score, and MetS and other cardiometabolic risk factors.
Table 4 shows the Pearson correlation coefficient (r)
between the DASH score and some dietary factors. The
DASH score was positively associated with potassium,
magnesium, sodium, vitamins D and C, docosahexae-
noic acid, and soluble fiber(P<0.05).DASH score, dietary
intakes, anthropometric measurements, and biochemical
characteristics of adolescents with and without obesity
were compared in Supplementary Table el. Adolescents
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Table 1 General characteristics and cardiometabolic risk factors comparison of the adolescents with a high and low DASH score

Adolescents with a low DASH score Adolescents with a high DASH score P-value

Proportion of boy to girl 44/33 46/57 0.19
Age (year) 14.02 (2.85) 13.50 (2.62) 0.18
Weight (kg) 61.71(21.70) 58.97 (19.50) 0.34
Height (cm) 160.05 (14.47) 15842 (12.38) 0.38
BMI (kg/mz) 23.56 (6.42) 23.00 (5.70) 0.51

WC (cm) 83.57 (16.00) 79.97 (15.48) 0.10
HC (cm) 94.38 (17.52) 95.95 (14.01) 0.81

Physical activity(MET-h/week) 15.11(6.25) 14.11(5.61) 0.37
Birth Weight(gr) 3164.10(701.51) 3297.39(612.50) 0.21

*Paternal Obesity(YES) n (%) 35(38.8) 37(41.1) 0.41

*Maternal Obesity(YES) n (%) 50(55.5) 40(44.5) 0.06
SBP (mmHg) 106.94 (12.49) 104.01 (11.22) 0.51

DBP (mmHg) 63.37 (9.9 63.70 (1.021) 0.90
FFM (kg) 43.34(13.39) 41.56(12.66) 0.37
FM (kg) 16.68(10.63) 15.61(941) 0.45
FBG (mg/dL) 78.18 (5.51) 77.18 (6.47) 0.52
*Insulin (uUI/mL) * 7.20 (7.98) 5.50 (8.50) 0.24
TG (mg/dL) 126.85 (66.23) 120.43 (53.50) 0.61

HDL-c (mg/dL) 46.33(9.61) 47.57 (11.23) 0.57
SLDL-c(mg/dL) 121.71(26.90) 128.2(35.2) 0.30
SIL-10 % 261.20 (244.85) 281.05 (407.03) 0.70
SIL-1beta * 994.50 (948.50) 953.7 (1424.02) 0.82
$Hs-CRP * 0.95 (2.54) 0.71 (2.08) 0.14

*Median (IQR=Q3-Q1), Mann-Whitney U test
#n (%) Chi-Square test

"BMI: Body mass index; DASH: Dietary Approaches to Stop Hypertension; DBP: Diastolic blood pressure; FBG: Fasting blood glucose; HC: Hip circumference; hs-CRP:
High-sensitivity C-reactive protein; IL: Interleukins; SBP: Systolic blood pressure; TG: triglycerides; WC: Waist circumference

SDASH <24 N=45 / DASH > 24 N=45

with obesity were found to have low adherence to the
DASH diet, although there were no significant differ-
ences from normal-weight adolescents. Moreover, sup-
plementary Table 2 reports the comparison of the
adolescents with a high and low DASH score regarding
dietary intakes.

Discussion
In this case-control study, we examined the associations
of adherence to DASH diet with metabolic syndrome,
and other cardiometabolic risk factors in Iranian adoles-
cents aged 12 to 18 years. Our results showed no associa-
tion between the DASH diet score and cardiometabolic
risk factors in the crude and adjusted final analysis mod-
els. Adolescents with obesity were found to have low
adherence to the DASH diet, although there were no sig-
nificant differences from normal-weight adolescents.
Although several studies have shown an association
between the DASH score and a range of diseases includ-
ing obesity [31], diabetes mellitus [32], metabolic syn-
drome [33], neurological diseases [34], and cancer [35]
in adults, the association between this healthy dietary
score and chronic diseases in children has been less well
studied. Consistent with our findings, Bricarello et al.

[36] showed no association between the DASH diet score
and overweight/obesity in Brazilian adolescents. How-
ever, Hajna et al. [37] study reported that a higher DASH
score was negatively associated with body composition
measures and BMI. The relationship between the DASH
diet and MetS in children/adolescents has been analyzed
in only a few previous studies. In a cross-sectional study
by Heidari et al. [38] greater adherence to the DASH diet
was associated with a significantly lower risk of meta-
bolic disorders such as hyperglycemia, insulin resistance,
hypertriglyceridemia, and low HDL-c, especially in over-
weight subjects and girls. Following the DASH diet was
inversely associated with the incidence of MetS and some
of its components, including abdominal obesity, hyper-
glycemia, and hypertension, in the Tehran Lipid and
Glucose Study, a prospective study of 425 healthy adoles-
cents with a mean age of 13.6 years, followed for 3.6 years
[18]. However, in line with our findings in another epide-
miological study of 628 young people aged 10-18 years,
higher DASH scores were not associated with the risk of
dyslipidemia, although DASH was inversely associated
with the risk of general and central obesity in adolescents
[39]. Furthermore, Park et al. [40] found no association
between the DASH diet and cardiometabolic risk factors
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Table 2 DASH score, dietary intakes, anthropometric measurements, and biochemical characteristics of adolescents with and without

metabolic syndrome

Children without metabolic syndrome Children with metabolic P-value
N=76 Syndrome
N=14

'DASH score 23.69(5.00) 23.53(7.00) 0.90
Total calorie intake (Kcal/day) 2160.17(760.96) 2047.21(587.95) 061
Total protein intake (gr/day) 70.73(27.39) 72.72(21.34) 0.080
Total carbohydrate intake (gr/day) 311.73(110.96) 297.90(82.38) 067
Total fat intake (gr/day) 72.66(29.03) 66.94(25.18) 0.50
Saturated fatty acid Intake (g/day) 22.51(9.56) 20.60(8.11) 0.50
Total cholesterol intake (mg/day) * 174(150.37) 203.38(110.62) 032
Total fiber intake(gr/day) * 44.57(34.72) 40.57(30.23) 0.42
Fruit group 220.95(130.70) 182.57(90.39) 0.26
Vegetable group 199.45(145.05) 173.26(111.30) 0.77
Legumes and nuts * 34.06(43.96) 37.59(46.90) 0.80
Low-fat dairy * 180.05(192.26) 113.04(103.29) 033
Whole grain 127.84(66.20) 110.59(60.61) 041
Red meat and processed meat * 17.93(14.48) 16.42(14.35) 030
Sodium intake (mg) * 341 790(1637 60) 3590.43(1748.20) 0.26
Potassium intake (mg)* 2761.18(1334.02) 2693.25(842.44) 0.53
Magnesium intake (mg) 363.59(140.31) 351.02(91.20) 0.88
TG (mg/dl) 108.29(47.03) 202.50(59.51) <0.001
Total Cholesterol (mg/dl) 157.03(30. 30) 168.35(33.95) 0.21
LDL- cholesterol (mg/dl) 125.59(28.15) 120.77(33.24) 0.56
HDL- cholesterol (mg/dl) 48.91(9. 83) 35.42(3.93) <0.001
FFM (kg) 38(13.21) 55.71(14.24) 0.001
FM (kg)* 13.05 (11.56) 29.25(11.80) <0.001
SBP (mmHg) 100.52(11.60) 120.03(11.00) <0.001
DBP (mmHg) 63.80(9.5.20) 75.35(7.7.14) <0.001

*Median (IQR=Q3-Q1). Mann-Whitney U test

'DASH: Dietary Approaches to Stop Hypertension; DBP: Diastolic blood pressure; FFM: Fat-free mass; FM: Fat

mass; SBP: Systolic blood pressure; TG: triglycerides

in young people. In another observational study of over-
weight and obese Iranian children aged 6 to 13 years,
greater adherence to the DASH diet was associated with
a reduced likelihood of insulin resistance, but there was
no notable association with other cardio-metabolic risk
factors [41]. The observed inconsistencies among the
results of the aforementioned studies may be explained
by several factors. First, differences in the study popula-
tion age range could lead to varying levels of cardiometa-
bolic risk. Second, the Study features like differences in
sample size, retrospective or prospective design, which
could impact the ability to detect associations. Third,
the criteria used to define cardiometabolic risk factors,
such as hypertension, dyslipidemia, or insulin resistance,
were not consistent across studies, leading to potential
differences in categorization. Finally, the inclusion and
control of potential confounders, such as lifestyle fac-
tors, medication use, or underlying health conditions,
differed between studies, potentially influencing the
observed associations. However, we tried to adjust the
effect of confounding variables as much as possible, but

certainly due to the limitation of the study, we were not
able to measure some confounding variables, and the fail-
ure to discover the relationship may be because of this
fact. The lack of association of the DASH score with car-
diometabolic risk factors in this study may be related to
the following two reasons. Firstly, although the percent-
age of metabolic disorders in the obese group was higher
than in the control group, 55% of the obese adolescents
had a metabolically healthy phenotype, with no evidence
of insulin resistance or metabolic syndrome. Second,
healthy obese children had higher intakes of protein,
fruit, and vegetables, and this may have been a protective
factor against changes in their metabolic phenotype to an
unhealthy state [42].

In our study, we found no differences in inflamma-
tory biomarkers such as IL-10, IL-1 beta, and Hs-CRP in
adolescents with high and low adherence to the DASH
diet. To the best of our knowledge, there has been no
study that has examined the association between DASH
and biomarkers of inflammation in young people.
Recently, a study by Zhang et al. [43] showed that a high



Behrooz et al. Journal of Health, Population and Nutrition (2025) 44:12 Page 8 of 11
Table 3 The association of adherence to DASH diet with odds of metabolic syndrome and it's components in the studied
adolescents]

OR (95% CI) P-value?

Adolescents with a low DASH score Adolescents with a high DASH score

(n=90) (n=90)
MetS
Model 1" 1.00(ref) 0.92(0.28-3.03) 0.90
Model 2 ™ 1.00(ref) 0.78(0.22-2.74) 0.69
Model 3™ 1.00(ref) 0.61(0.15-2.45) 049
Obesity
Model 1" 1.00(ref) 0.84(0.48-1.46) 0.53
Model 2™ 1.00(ref) 0.83(0.47-1.43) 0.54
Model 3™ 1.00(ref) 0.79(0.42-1.46) 045
TG=110 mg/dL
Model 1" 1.00(ref) 0.85(0.36-1.95) 0.71
Model 2™ 1.00(ref) 0.87(0.35-2.16 0.87
Model 3™ 1.00(ref) 0.74(0.33-2.12) 062
HDL-C <40 mg/dL
Model 1" 1.00(ref) 0.88(0.33-2.32) 0.80
Model 2™ 1.00(ref) 0.88(0.31-2.51) 0.82
Model 3™ 1.00(ref) 0.89(0.30-2.69) 0.83
SBP >90th percentile
Model 1" 1.00(ref) 0.51(0.12-2.19) 036
Model 2 ™ 1.00(ref) 0.50(0.18-2.13) 038
Model 3™ 1.00(ref) 0.34(0.07-1.68) 0.19
WC >90th percentile 1
Model 1" 1.00(ref) 0.52(0.19-1.45) 021
Model 2™ 1.00(ref) 0.57(0.20-1.63) 0.30
Model 3™ 1.00(ref) 0.53(0.19-1.50) 030
HOMA-IR*
Model 1" 1.00(ref) 0.95(0.29-3.11) 0.93
Model 2 ™ 1.00(ref) 0.92(0.26-3.18) 0.89
Model 3™ 1.00(ref) 0.97(0.28-3.72) 091

'DASH: Dietary Approaches to Stop Hypertension; MetS: metabolic syndrome; WC: waist circumference; HDL-C: high-density lipoprotein cholesterol; TG: triglyceride;

SBP: systolic blood pressure
2Binary logistic regression
“Crude

"Adjusted for sex, age, maturity, and stress level

Adjusted for model 2 +total dietary calorie intake + birth weight and parental obesity

*HOMA-IR cut-off values for insulin resistance were calculated to be 2.67 (sensitivity 88.2%, specificity 65.5%) in boys and 2.22 (sensitivity 100%, specificity 42.3%)
in girls in the prepubertal period, and 5.22 (sensitivity 56%, specificity 93.3%) in boys and 3.82 (sensitivity 77.1%, specificity 71.4%) in girls in the pubertal period

N=90

pro-inflammatory diet was associated with higher lev-
els of inflammatory cytokines such as CRP, especially
in overweight and obese children and adolescents aged
6-19 years. The DASH diet has a low inflammatory score
and may modify systemic inflammation and inhibit the
development and progression of inflammatory condi-
tions by reducing serum concentrations of CRP and IL-6
and improving endothelial function parameters [44].

The exact mechanisms by which the DASH diet score
might be associated with metabolic conditions are not
yet clear. However, several possibilities have been sug-
gested. The favorable effects of the DASH diet on meta-
bolic health may be explained by the lower amounts of

saturated fat, refined sugar, and salt in the DASH diet
[45]. A DASH diet is rich in whole grains, fruits, veg-
etables, legumes, and nuts; consequently, the high levels
of magnesium, potassium, fiber, and antioxidants, may
have benefits for inflammation and cardiometabolic
risk factors [46]. In addition, the production of short-
chain fatty acids (SCFAs) by the gut microbiota could
be increased by high fiber levels [45]. SCFAs have been
shown to improve glucose and lipid metabolism in most
tissues and to reduce biomarkers of inflammation [47]. In
addition, whole-grain foods are associated with a lower
incidence of insulin resistance due to their low glycemic
index and slow rate of absorption [48]. The key role of
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Table 4 Associations of DASH score with some dietary factors

(N=180)

Parameters r P-value*
Sodium -0.24 0.02
Potassium 027 0.01
Magnesium 0.28 0.007
Calcium 0.10 035
Selenium 0.11 0.28
Zinc 0.18 0.08
Vit D 0.32 0.002
Vit C 0.26 0.01
Docosahexaenoic acid 0.20 0.05
Soluble fiber 0.27 0.009

*Data presented as Pearson correlation coefficient (r)

low-grade systemic inflammation and oxidative stress in
the development of cardiometabolic disorders has been
well-documented [49]. Therefore, the antioxidant content
of healthy foods in DASH scores could reduce oxidative
stress through the scavenging of free radicals [9]. In addi-
tion, results from previous studies have shown inverse
associations between calcium intake and glycemic status,
lipid profiles, and hypertension [50].

Some of the strengths and limitations of this survey
need to be highlighted. First, to our knowledge, few stud-
ies have examined the association between the DASH
diet and cardiometabolic risk factors in overweight
and obese Iranian adolescents. Second, in the current
study, several factors including inflammatory biomark-
ers, HOMA-IR, MetS, and its components have been
assessed concerning cardiometabolic risk factors in ado-
lescents. However, the design of this study was case-con-
trol and did not allow us to draw any conclusions about
causality. It is, therefore, necessary to carry out further
prospective studies. In addition, because of the use of
FFQ to assess dietary intake, misclassification of indi-
viduals was inevitable. Finally, residual confounders, such
as birth weight, paternal obesity, sleep disturbances, and
dietary habits, could alter the results despite the control
of various covariates.

Conclusion

In conclusion, this case-control study showed that the
DASH diet, as assessed by a food frequency question-
naire, was not associated with cardiometabolic risk fac-
tors, including MetS, and its components, adiposity and
insulin resistance in adolescents with obesity. To confirm
these findings, further prospective studies on a larger
scale and from different countries are needed.
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