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Association of priori‑defined DASH 
dietary pattern with metabolic 
health status among Iranian 
adolescents with overweight 
and obesity
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There was no evidence on the relationship of Dietary Approaches to Stop Hypertension (DASH) with 
metabolic health condition in adolescents with overweight and obesity. The purpose of this research 
was to investigate the association of priori‑defined DASH dietary pattern with metabolic health 
status among adolescents with overweight and obesity in Iran. A cross‑sectional survey performed 
on a representative sample of adolescents with overweight and obesity (n = 203). Dietary intakes 
were collected via a validated food frequency questionnaire and DASH score was characterized 
according to eight components. Data of anthropometric measures, blood pressure, circulating insulin, 
fasting blood sugar, and lipid profile were collected. Metabolic health status was defined based on 
criteria of International Diabetes Federation (IDF) and insulin resistance (IR). Based on IDF and IDF/
IR criteria, 38.9% and 33.0% of adolescents suffered from metabolically unhealthy overweight/
obesity (MUO). After controlling all confounders, subjects in the highest vs. lowest tertile of DASH 
diet had respectively 92% and 91% lower odds of MUO based on IDF definition (OR = 0.08; 95%CI 
0.03–0.22) and IDF/IR criteria (OR = 0.09; 95%CI 0.03–0.29). Subgroup analysis by sex and body mass 
index determined that this relationship was more powerful in girls and overweight individuals. Also, 
in fully adjusted model, highest vs. lowest adherence to DASH diet was linked to decreased odds of 
hyperglycemia (OR = 0.07; 95% CI 0.03–0.21), hypertriglyceridemia (OR = 0.26; 95% CI 0.09–0.73), 
low HDL cholesterolemia (OR = 0.30; 95% CI 0.12–0.73) and insulin resistance (OR = 0.07; 95% CI 
0.02–0.28), as metabolic health components. Greater compliance to DASH dietary pattern was linked 
to a remarkable lower odd of metabolic unhealthy condition among Iranian adolescents, especially in 
overweight subjects and girls. More prospective surveys are required to assert these results.
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PAQ-A  Physical activity questionnaire for adolescents
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DASH  Dietary approaches to stop hypertension
WHO  World Health Organization
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SFA  Saturated fatty acids
SCFA  Short-chain fatty acids
WC  Waist circumference
SBP  Systolic blood pressure
DBP  Diastolic blood pressure
TG  Triglycerides
HDL-c  High-density lipoprotein cholesterol
FBS  Fasting blood sugar
SPSS  Statistical package for social sciences

Adolescent overweight and obesity have become a serious general health problem worldwide 1. It has been 
predicted that the number of children and adolescents with overweight and obesity will reach more than 400 
million worldwide and 4 million in Iran by 2025 2,3. Excess body mass index (BMI) in adolescents is related to 
metabolic disorders, including hypertension, blood lipid disorders, impaired glucose metabolism, and insulin 
resistance, all of which enhance the risk of developing cardiovascular diseases (CVD) and type 2 diabetes fol-
lowed by premature mortality in the future. These conditions impose a significant burden on health care systems 
in addition to individuals and their families 4,5. The coexistence of obesity and metabolic disorders is defined as 
metabolically unhealthy overweight/obesity (MUO) 6, while some individuals have no metabolic abnormali-
ties despite having excess fat in the body and are defined as metabolically healthy overweight/obese (MHO) 7.

Both genetics and lifestyle (including dietary habits and physical activity) are determinants of metabolic 
health status and can cause a shift from MHO to MUO or vice versa 8. Findings of recent investigations indi-
cated positive associations between high consumption of vegetables and fruits and low sugary drinks and fats, as 
components of healthy dietary patterns with MHO 6,9. Among healthy dietary patterns, a diet emphasizing more 
consumptions of vegetables, fruits, whole grains, legumes, seeds, and low-fat dairy, as well as less consumption 
of processed and red meat, sodium and soft drinks are known as Dietary Approaches to Stop Hypertension 
(DASH) 10.

Numerous studies have investigated DASH diet in adolescence, but controversial findings were reported 11–16. 
In several epidemiological studies, no relationship was shown between DASH dietary pattern and overweight, 
obesity, and other cardio-metabolic variables in Brazilian 12, American 13 and Iranian 15 adolescents. Whereas in 
another investigation on adolescents, higher DASH score was linked to reduced general and central obesity risk, 
while no link was found in case of dyslipidemia risk 14. Results of two separate studies have found that DASH 
diet was negatively linked to BMI and abdominal obesity, hypertension, high fasting blood glucose, and meta-
bolic syndrome (MetS) in children/adolescents 11,16. A clinical trial reported that compliance to DASH diet for 
6 weeks could decrease the prevalence of hypertension in adolescents with MetS 17. Furthermore, a systematic 
review confirmed beneficial impacts of this pattern on hypertension, overweight and obesity in adolescents 18. 
Although, surveys in adults have shown a positive association between DASH diet and metabolic health 19,20, 
as far as we know, only Rahimi et al. have examined the association between DASH dietary pattern and MUO 
among Iranian overweight and obese children of elementary schools (6–13 years). Their findings indicated the 
beneficial effects of DASH diet on insulin sensitivity and metabolic health 8.

Considering the consequences of unhealthy metabolic obesity in the future life of adolescents, it seems 
that assessing the relationship between dietary patterns of adolescents with overweight and obesity and their 
metabolic health condition have notable importance. Since no study has been conducted on metabolic status 
in adolescents with overweight and obesity with DASH dietary pattern, the present investigation examined the 
association of priori-defined DASH diet with metabolic health status among adolescents with overweight and 
obesity in Iran.

Materials and methods
Participants and study design
We performed a cross-sectional survey in a representative sample of Iranian adolescents between the ages of 12 
and 18 years. The sample size was determined based on previous articles 21,22, which have reported that almost 
40–60% of the Iranian adolescents with overweight and obesity suffered from MUO. Hence, with a power = 80%, 
type I error = 0.05, desired confidence interval = 0.95%, and precision (d) = 7%, the number of samples was com-
puted as 188 individuals. The participants included middle school and high school students were selected by a 
multi-stage cluster random sampling method. sixteen girls’ and boys’ schools of six different districts of Isfahan 
city were randomly chosen and body weight (kg) and height (cm) of all students of these schools were measured. 
Body mass index (BMI) was calculated using with the Quetelet formula (kg/m2); then, adolescents were classi-
fied as obese, overweight, and normal-weight 23. Using this approach, adolescents with overweight and obesity, 
from a wide range of social and economic statuses were included in this study. Students were considered eligible 
for inclusion if they were not on a weight-loss diet, had no diagnosed genetic or endocrine disease (for example 
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hypothyroidism, type 1 diabetes mellitus, or Cushing syndrome), and were not using any mineral/vitamin sup-
plements or any medicines that might influence their metabolic profile. Finally, we enrolled 203 adolescents with 
overweight or obesity, including 101 and 102 boys and girls, respectively. All subjects and their parents signed a 
written informed agreement prior to the investigation. The current survey protocol was authorized by the ethics 
committee of the Isfahan University of Medical Sciences with the ethical code: IR.MUI.PHANUT.REC.1402.068.

Dietary intake assessment
Participants’ dietary intakes during the past year were assessed in face-to-face interviews by two trained nutri-
tionists, via a validated food frequency questionnaire (FFQ) containing 147 items 24. Former studies have shown 
that this FFQ has an acceptable validity and reliability to evaluate dietary intakes and their relationship with 
various diseases in Iranian adolescents 25,26. Subjects were asked to indicate whether they consumed each food 
item monthly, weekly or daily, and to indicate the amount consumed based on standard portion sizes. After-
ward, household measurements were utilized to transform the portion sizes of consumed food items to g/day 27. 
Nutritionist IV software was used to calculate energy and nutrients daily intake. Although this software is based 
on the United States Department of Agriculture (USDA) food composition database, it has been reformed for 
some Iranian foods.

Assessment of DASH dietary pattern
DASH score was created according to foods and nutrients emphasized or minimized in DASH dietary pattern, 
concentrating on eight components: higher consumption of whole-grains, low-fat dairy products, nuts, seeds and 
legumes, vegetables, and fruits and lower consumption of sweetened beverages, sodium, and red and processed 
meats 28,29. To compute a DASH score for each student, subjects were first categorized based on energy-adjusted 
quintile classifications of their dietary intake of the mentioned components. For whole-grains, vegetables, low-
fat dairy products, fruits, nuts, seeds and legumes, those in the lowest quintile of intake obtained a score of 1, 
subjects in the 2nd, 3rd, 4th, and 5th quintiles got a score of 2, 3, 4 and 5, respectively. Regarding sweetened 
beverages, salt, and red and processed meats, subjects in the lowest quintile of intake have received the greatest 
score (a score of 5), while those with the highest quintile received a score of 1. At the end, the scores of eight 
components were summed up to obtain an adolescent’s total DASH score ranged from 8 to 40. Students who 
received the greatest DASH score were more compliant with DASH dietary pattern.

Assessment of anthropometric indicators and cardio‑metabolic risk factors (CMRFs)
Height was recorded via a stadiometer to the closest 0.1 cm, while standing barefoot with shoulders in usual 
alignment. Weight was determined by a calibrated electronic scale to the closest 100 g while students were 
without any shoes and in light clothing. Then, BMI was computed as weight (kg)/  height2  (m2). Students were 
categorized as overweight (BMI between 85 and 95th percentile), and obese (BMI greater than 95th percentile) 
according to WHO growth curve of age-sex-specific BMI percentiles for adolescents 23. Waist circumference 
(WC) was gauged twice with a non-elastic tape to the closest 0.1 cm, and the average of these two was recorded 
as WC value. Systolic/diastolic blood pressure (SBP, DBP) were gauged twice, at least 15 min apart, on the right 
arm via a mercury sphygmomanometer with a proper cuff size. The mean of two gauges was presented as the 
individual’s SBP or DBP. To measure biochemical indices, venous blood samples were gathered after a minimum 
12 h fasting. Fasting blood sugar (FBS), triglycerides (TG), and high-density lipoprotein cholesterol (HDL-c) 
were measured with standard methods. Insulin concentrations were measured by ELISA kits from Diagnostic 
Biochem Canada Inc. Homeostasis Model Assessment Insulin Resistance (HOMA-IR) was then calculated by 
imputing fasting insulin and FBS in the formula 30.

Assessment of metabolic status
Two different strategies were applied to stratify adolescents into MUO and MHO groups. First strategy was 
according to International Diabetes Federation (IDF) parameter; adolescents with a minimum of two of these 
CMRFs were defined as MUO: (1) enhanced FBS (≥ 100 mg/dL), (2) increased TG (≥ 150 mg/dL), (3) reduced 
HDL-c (in boys: < 40 mg/dL/ in girls: < 50 mg/dL for those with 16 years and older, and < 40 mg/dL for those 
under 16 years), and (4) increased BP (≥ 130/85 mmHg) 31. In this strategy, adolescents with one or no CMRF 
were classified as MHO. Second strategy considered the presence of IR along with IDF parameters. Thus, ado-
lescents with HOMA-IR ≥ 90th percentile (≥ 3.16) 6,32 and ≥ 2 of the mentioned CMRFs were stratified as MUO 
and those with HOMA-IR < 3.16 were determined as MHO, even if they had ≥ 2 CMRFs.

Assessment of other variables
Physical activity (PA) levels of students were assessed via 9 items validated physical activity questionnaire for 
adolescents (PAQ-A) that scored from 1 (as lowest) to 5 (as highest) 33. The first 8 items of this questionnaire 
were related to common activities and the last parts was related to uncommon activity in the last week. After 
computing a total score, adolescents with a score of < 2, 2 ≤ score < 3, 3 ≤ score < 4, and score ≥ 4 were respectively 
categorized as sedentary (without any regular week activity), low active, moderately active, and very active. A 
standard checklist was applied to gather the students’ demographic data such as age, sex, history of illness, and 
taking drugs or nutritional supplements. Socioeconomic status (SES) was also evaluated via a validated question-
naire with the following parameters: parents’ occupation and education level, family size, having personal room, 
having automobiles in the family, having laptops/computers, and traveling in the last year 34.
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Statistical analysis
The residual procedure was applied to calculate energy-adjusted DASH dietary components. After calculating 
the total DASH score for all adolescents, they were stratified based on energy-adjusted tertiles of DASH. General 
features of study subjects across tertiles of DASH were presented as mean ± SD/SE for continuous indicators and 
number and percentages for qualitative indicators. One-way analysis of variance (ANOVA) and chi-square tests 
were respectively applied to evaluate continuous and qualitative indicators across tertiles of DASH. Furthermore, 
total energy intake, age, and sex-adjusted dietary intakes of food groups and nutrients of subjects among tertiles 
of DASH were obtained via analysis of covariance (ANCOVA). To recognize relationship between tertiles of 
DASH and MUO, multivariable logistic regression was used. Odds ratios (ORs) and 95% confidence intervals 
(CIs) for DASH were calculated in crude and adjusted models. In the first model, adjustments were made for total 
energy intake, age, and sex. In the second one, additional adjustments were used for SES and physical activity 
levels. In the last model, BMI was added to the prior adjustments. In all models, the first tertile of DASH was 
assumed as the reference group. Tertiles of DASH were assumed as an ordinal variable to examine the trend of 
ORs. P values < 0.05 were considered as statistically significant. Version 20 of SPSS software was applied for all 
analyses.

Ethical approval
The study procedure was performed according to declaration of Helsinki and STROBE checklist. All participants 
and their parents provided informed written consent. The study protocol was approved by the local Ethics Com-
mittee of Isfahan University of Medical Sciences.

Consent to participate
Informed consent was obtained from all participants and their parents involved in the study.

Results
In the present study, data of 203 adolescents (102 girls and 101 boys) with a mean (± SD) of 13.98 (± 1.61) years 
for age and 27.35 (± 3.24) kg/m2 for body mass index were assessed. Among participants, 42 girls and 37 boys 
(n = 79, 38.9%) suffered from MUO based on IDF definition, while 32 girls and 35 boys (n = 62, 33.0%) classified 
as MUO based on IDF/HOMA-IR criteria. General features and cardiometabolic factors of study subjects across 
energy-adjusted tertiles of DASH scores are depicted in Table 1. Subjects in the highest tertile of DASH diet had 
greater physical activity and HDL-c levels, as well as lower systolic and diastolic blood pressure, FBS, insulin, 
HOMA-IR, and TG levels, in comparison to the lowest tertile (all P values < 0.05).

Dietary intakes of study subjects among tertiles of DASH diet are given in Table 2. Participants with the 
greatest accordance with DASH diet, in comparison to those with the lowest adherence, had remarkably greater 
intake of protein, potassium, total dietary fiber and cholesterol and lower intake of sodium. They also had a higher 
consumption of appropriate food groups for DASH diet (including vegetables, fruits, low fat dairy products, 
whole grains, and seeds, nuts & legumes) and a lower intake of inappropriate food groups for DASH diet (includ-
ing red and processed meats and sweetened beverages). No considerable differences were seen in total energy 
intake, carbohydrate, fat, saturated fatty acids (SFA), monounsaturated fatty acids (MUFA) and polyunsaturated 
fatty acids (PUFA) consumption across tertiles of DASH diet.

Prevalence of MUO phenotype based on both IDF and IDF/HOMA-IR criteria among tertiles of DASH diet 
is reported in Fig. 1. According to IDF definition, prevalence of MUO in the top tertile of DASH diet was lower 
than the bottom tertile (10.4 vs. 67.2%, P < 0.001). A similar finding was obtained when IDF/HOMA-IR criteria 
was applied (10.4 vs. 61.2%, P < 0.001).

Multivariate adjusted ORs and 95% CIs for MUO across energy-adjusted tertiles of DASH diet are provided in 
Table 3. Comparing top versus bottom tertile of DASH diet, there was a significantly inverse association between 
DASH diet and MUO odds, based on both IDF (OR = 0.06; 95% CI 0.02–0.15) and IDF/HOMA-IR definitions 
(OR = 0.07; 95% CI 0.03–0.19), in crude model. After adjustments for potential confounders, this relation did not 
substantially change. Such that, after considering all potential confounders, subjects in the third vs. first tertile 
of DASH diet had 92% and 91% lower odds of MUO based on IDF definition (OR = 0.08; 95% CI 0.03–0.22) and 
IDF/HOMA-IR criteria (OR = 0.09; 95% CI 0.03–0.29), respectively.

Multivariate adjusted ORs and 95% CIs for MUO across energy-adjusted tertiles of DASH diet among over-
weight versus obese adolescents are summarized in Table 4. According to IDF criteria, in crude and adjusted 
models, higher adherence to DASH diet was linked to significantly lower odds of MUO, both in overweight and 
obese subjects; but this odds reduction was stronger in overweight individuals. Such that, after considering all 
potential confounders, overweight adolescents in the third vs. first category of DASH diet had 99% (OR = 0.01; 
95% CI 0.00–0.09) lower odds of MUO, while this odds reduction was 75% (OR = 0.25; 95% CI 0.07–0.95) in 
obese participants. The same pattern was observed when MUO was defined based on IDF/HOMA-IR parameters.

Stratified analysis by sex (Table 5) revealed that the relationship was stronger in girls (in crude model: 
OR = 0.03; 95% CI 0.00–0.14; and in fully adjusted model: OR = 0.02; 95% CI 0.00–0.13) than boys (in crude 
model: OR = 0.09; 95% CI 0.03–0.30; and in fully adjusted model: OR = 0.09; 95% CI 0.02–0.45), according to 
IDF criteria. Similar findings were obtained when MUO was determined based on IDF/HOMA-IR definition.

As indicated in Table 6, after considering all confounders, the greatest accordance with DASH diet versus 
the lowest adherence was respectively linked to a decline of 93%, 74%, 70% and 93% in odds of hyperglycemia 
(OR = 0.07; 95% CI 0.03–0.21), hypertriglyceridemia (OR = 0.26; 95% CI 0.09–0.73), low HDL-cholesterolemia 
(OR = 0.30; 95% CI 0.12–0.73) and insulin resistance (OR = 0.07; 95% CI 0.02–0.28).
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Discussion
In the present cross-sectional survey, a remarkable reverse relationship was shown between adherence to DASH 
diet and odds of MUO in Iranian adolescents according to two metabolic health definitions. This association 
remained notable, even after making adjustment for potential confounders. It should be highlighted that this 
association was stronger among girls and overweight adolescents in comparison to boys and subjects with 
obesity. Our findings on components of metabolic health status also indicated that the greatest compliance to 
DASH diet was linked to reduced odds of hyperglycemia, hypertriglyceridemia, low HDL-cholesterolemia and 
insulin resistance.

An MHO phenotype in adolescents might change to an MUO status and unfavorable clinical outcomes in 
adulthood 35. This conversion might lead to a greater risk of morbidity and mortality as well as reduced life expec-
tancy in the future 36. Considering the inverse relationship observed between DASH diet and MUO phenotype 
in the present survey, it is clinically valuable to advise adolescents to increase consumption of health-related 
components of DASH diet including vegetables, fruits, low fat dairy products, whole grains, and nuts, seeds and 
legumes and reduce intake of unhealthy components such as sweetened beverages, salt and red and processed 
meats to enhance diet quality and reduce prevalence of metabolic disorders.

Few previous investigations have analyzed the relationship between DASH diet and MetS among children/ 
adolescents 11,14. The Tehran Lipid and Glucose study (TLGS), a prospective investigation with 3.6 years follow-up 
on 425 healthy adolescents with a mean age of 13.6 years 11, demonstrated that following DASH diet was reversely 
linked to incidence of MetS and some of its components, including abdominal obesity, hyperglycemia and hyper-
tension 11. In another epidemiologic study on 628 participants aged 10–18 years, greater DASH scores were not 
linked to dyslipidemia hazard in adolescents, whereas DASH was inversely linked to risk of general and central 
obesity 14. In contrast, Park et al. have conducted a survey on individuals aged < 45 years and reported that there 
was no association between DASH diet and MHO phenotype 19. In another study on adults, Phillips et al. found 
that higher compliance with DASH diet was probably related to better metabolic health in non-obese subjects, 
but not in obese ones 20. In an observational study on overweight and obese Iranian children aged 6 to 13 years, 
greater compliance to DASH diet was associated with reduced odds of MUO based on insulin resistance; but 

Table 1.  General characteristics and cardiometabolic factors of study participants across energy-adjusted 
tertiles of the DASH dietary score. Values are Mean ± SD; unless indicated. Abbreviations: BMI: Body Mass 
Index; HOMA-IR: Homeostasis Model Assessment Insulin Resistance; HDL-c: high-density lipoprotein 
holesterol. a Components of DASH diet were adjusted for total energy intake based on the residual method. 
b P-value obtained from one-way ANOVA and χ2 test for quantitative and categorical variables, respectively. 
c Socioeconomic status (SES) score was evaluated based on parental education level, parental job, number of 
family members, having computer/laptop, having personal room, having travel and having car in the family by 
using a validated questionnaire.

Tertiles of energy-adjusted DASH dietary  scorea

T1 
(n = 67)
(≤ 20)

T2 
(n = 69)
(21–27)

T3 
(n = 67)
(≥ 28) P-valueb

Sex, n (%) 0.77

 Boys 36 (53.7) 34 (49.3) 32 (47.8)

 Girls 31 (46.3) 35 (50.7) 35 (52.2)

Age (year) 14.19 ± 1.55 13.75 ± 1.43 13.99 ± 1.81 0.28

Weight (kg) 77.04 ± 11.18 72.52 ± 11.36 70.89 ± 11.55 0.06

Height (cm) 165.27 ± 8.78 163.17 ± 7.83 162.45 ± 6.97 0.10

BMI (kg/m2) 28.10 ± 2.63 27.12 ± 2.86 26.84 ± 3.98 0.05

Waist circumference (cm) 92.87 ± 6.81 89.76 ± 7.56 88.36 ± 8.75 0.01

Physical activity levels, n (%)  < 0.001

 Sedentary and low active 66 (98.5) 64 (92.8) 36 (53.7)

 Moderately and very active 1 (1.5) 5 (7.2) 31 (46.3)

Socioeconomic  statusc, n (%) 0.14

 Low 27 (40.3) 18 (26.1) 14 (20.9)

 Medium 26 (38.8) 32 (46.4) 32 (47.8)

 High 14 (20.9) 19 (27.5) 21 (31.3)

Systolic blood pressure (mmHg) 117.19 ± 10.11 112.30 ± 21.96 108.63 ± 19.83 0.02

Diastolic blood pressure (mmHg) 76.71 ± 5.87 72.21 ± 15.38 71.59 ± 10.08 0.01

Fasting blood glucose (mg/dL) 102.33 ± 9.06 98.48 ± 7.60 93.58 ± 6.37  < 0.001

Insulin (μUI/mL) 24.23 ± 14.62 21.23 ± 9.68 15.78 ± 11.93  < 0.001

HOMA-IR index 6.09 ± 3.57 5.21 ± 2.58 3.74 ± 3.22  < 0.001

Triglycerides (mg/dL) 147.16 ± 71.83 118.70 ± 67.25 100.09 ± 50.96  < 0.001

HDL-c (mg/dL) 42.48 ± 8.36 44.00 ± 6.62 48.01 ± 7.76  < 0.001
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no remarkable association was observed when MUO was defined based on cardio-metabolic risk factors 8. The 
observed inconsistencies among results of the above-mentioned investigations might be due to differences in age 
range of the study population, study design, criteria used to categorize MHO/MUO and potential confounders 
considered in the analyses.

A null relationship between DASH score and high blood pressure in the present study, similar to finding of 
Rahimi et al. study 8, could be attributed to two main reasons. First, notable effects of DASH dietary pattern on 
blood pressure might mostly occur in hypertensive subjects 37, not in people with somehow normal blood pres-
sure values 38,39; only 14.2% (n = 29) of our study participants had high blood pressure. Second, the cut point of 
high blood pressure as a component of metabolic health status (BP ≥ 130/85 mmHg)31 was lower than hyperten-
sion definition (BP > 140/90 mmHg) 40.

So far, the precise mechanisms by which DASH diet might affect metabolic health status have not been 
identified. However, some possibilities have been proposed. A priori-defied DASH dietary pattern is rich in 
vegetables, fruits, whole grains, legumes, and nuts; therefore, abundant contents of fiber, antioxidants, potas-
sium, and magnesium could have beneficial impacts on inflammation and metabolic profiles 41. Lower amounts 
of salt, refined sugar and saturated fat in DASH diet might also explain the favorable impacts of this diet on 
metabolic health 17,42,43. High fiber content could additionally elevate the generation of short-chain fatty acids 
(SCFAs) by gut microbiota 44. SCFAs could ameliorate metabolism of lipid and glucose in most of tissues 44. 
Moreover, antioxidants content could diminish oxidative stress by scavenging free radicals 45. The key role of 
oxidative stress in developing metabolic disorders is completely documented 45. Additionally, whole grains are 
related to a lower occurrence of insulin resistance because of a low glycemic index and slow absorption 46. Fur-
thermore, the findings of previous surveys have shown inverse connections between calcium intake and FBS, 
lipid profiles, and blood pressure 11,47,48. The observed useful impacts of DASH diet might be due to a mixture 
of above-mentioned items 49.

Some strengths and limitations of this survey should be highlighted. First, to our knowledge, this is the first 
investigation that examined the linkage between DASH diet and metabolic health condition among Iranian 
adolescents with overweight and obesity. Second, two different criteria were applied to determine MUO/MHO 
phenotypes. Third, multiple confounders were controlled in the analyses. However, the design of the present 
survey was cross-sectional and did not permit us to conclude a causal relationship. So, conducting further pro-
spective investigations is necessary. Although we evaluated BMI curves to categorize individuals into overweight 
and obese, we could not assess body composition and fat distribution, which could be substantial in recognizing 
metabolic health condition. Furthermore, misclassification of individuals was unavoidable due to applying FFQ 

Table 2.  Multivariable-adjusted intakes of DASH diet components and selected nutrients of study participants 
across energy-adjusted tertiles of the DASH dietary score. Values are Mean ± SE. Energy intake and 
macronutrients were adjusted for age and sex; all other values were adjusted for age, sex and energy intake. 
Abbreviations: SFA, Saturated fatty acids; MUFA, Monounsaturated fatty acids; PUFA, Polyunsaturated fatty 
acids. a Components of DASH diet were adjusted for total energy intake based on the residual method. b P-value 
obtained from ANCOVA test for adjustment of energy intake.

Tertiles of energy-adjusted DASH dietary  scorea

T1 
(n = 67)
(≤ 20)

T2 
(n = 69)
(21–27)

T3 
(n = 67)
(≥ 28) P-valueb

Energy, kcal 2975.53 ± 66.22 2817.93 ± 65.28 2857.54 ± 66.05 0.21

Nutrients

 Protein, % of energy 13.31 ± 0.22 14.34 ± 0.22 15.26 ± 0.22  < 0.001

 Carbohydrate, % of energy 58.57 ± 0.63 58.46 ± 0.63 57.82 ± 0.63 0.66

 Fat, % of energy 29.28 ± 0.63 28.70 ± 0.63 28.56 ± 0.63 0.69

 Cholesterol, mg 256.53 ± 11.92 293.16 ± 11.70 296.17 ± 11.84 0.03

 SFA, gr 27.46 ± 0.71 27.55 ± 0.70 27.04 ± 0.71 0.86

 MUFA, gr 27.08 ± 0.84 27.31 ± 0.83 28.25 ± 0.83 0.58

 PUFA, gr 29.92 ± 0.97 28.08 ± 0.96 27.46 ± 0.97 0.18

 Potassium, mg 2642.77 ± 83.85 3402.00 ± 82.46 4087.94 ± 83.26  < 0.001

 Sodium, mg 4452.79 ± 133.45 4018.59 ± 131.23 3493.97 ± 132.50  < 0.001

 Total fiber, gr 14.94 ± 0.40 19.66 ± 0.39 23.72 ± 0.40  < 0.001

Food groups (g/day)

 Fruits 213.69 ± 16.67 343.53 ± 16.40 439.97 ± 16.56  < 0.001

 Vegetables 161.10 ± 17.72 283.93 ± 17.43 399.88 ± 17.60  < 0.001

 Whole grains 37.40 ± 10.82 72.67 ± 10.64 160.90 ± 10.74  < 0.001

 Low fat dairy products 253.35 ± 21.14 362.64 ± 20.79 562.34 ± 20.99  < 0.001

 Nuts, seeds and legumes 40.07 ± 3.52 60.96 ± 3.46 82.23 ± 3.49  < 0.001

 Sweetened beverages 82.75 ± 5.52 44.79 ± 5.43 18.96 ± 5.48  < 0.001

 Red and processed meats 33.83 ± 1.95 30.43 ± 1.92 19.07 ± 1.94  < 0.001
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Figure 1.  Prevalence of MUO based on IDF (A) and IDF/HOMA-IR criteria (B) in tertiles of DASH dietary 
pattern.

Table 3.  Multivariate adjusted odds ratio (OR) and 95% confidence interval (CI) for MUO across energy-
adjusted tertiles of the DASH dietary score. All values are odds ratios (OR) and 95% confidence intervals (CI). 
P-trend was obtained by the use of tertiles of DASH diet as an ordinal variable in the model. Model 1: Adjusted 
for age, sex, and total energy intake. Model 2: Additionally adjusted for physical activity and socioeconomic 
status (parental education, parental job, number of family members, having car in the family, having computer/
laptop, having personal room and having trip). Model 3: Additionally adjusted for body mass index (BMI). 
a Components of DASH diet were adjusted for total energy intake based on the residual method.

Tertiles of energy-adjusted DASH dietary  scorea

T1 
(n = 67)
(≤ 20)

T2 
(n = 69)
(21–27)

T3 
(n = 67)
(≥ 28) P-trend

MUO phenotype based on IDF criteria

 Cases (n) 45 27 7

 Crude 1 0.31 (0.16–0.64) 0.06 (0.02–0.15)  < 0.001

 Model 1 1 0.39 (0.19–0.80) 0.06 (0.02–0.16)  < 0.001

 Model 2 1 0.42 (0.2–0.9) 0.08 (0.03–0.23)  < 0.001

 Model 3 1 0.42 (0.20–0.90) 0.08 (0.03–0.22)  < 0.001

MUO phenotype based on IDF/HOMA-IR criteria

 Cases (n) 41 19 7

 Crude 1 0.24 (0.12–0.50) 0.07 (0.03–0.19)  < 0.001

 Model 1 1 0.28 (0.13–0.60) 0.24 (0.10–0.56)  < 0.001

 Model 2 1 0.31 (0.14–0.67) 0.10 (0.03–0.30)  < 0.001

 Model 3 1 0.31 (0.14–0.68) 0.09 (0.03–0.29)  < 0.001
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for assessment of dietary intakes. Finally, despite controlling various covariates, remaining confounders (e.g., 
paternal obesity, birth weight, eating habits, and sleep disorders) might alter the findings.

In conclusion, findings of the current cross-sectional investigation demonstrated that greater compliance to 
DASH dietary pattern was linked to a remarkable lower odd of metabolic unhealthy condition among Iranian 
adolescents, especially in overweight subjects and girls. More prospective studies on a larger scale from different 
countries are necessary to affirm these findings.

Table 4.  Multivariate adjusted odds ratio (OR) and 95% confidence interval (CI) for MUO across energy-
adjusted tertiles of the DASH dietary score, stratified by BMI categories. All values are odds ratios (OR) and 
95% confidence intervals (CI). P-trend was obtained by the use of tertiles of DASH diet as an ordinal variable 
in the model. Model 1: Adjusted for age, sex, and total energy intake. Model 2: Additionally adjusted for 
physical activity and socioeconomic status (parental education, parental job, number of family members, 
having car in the family, having computer/laptop, having personal room and having trip). a Components of 
DASH diet were adjusted for total energy intake based on the residual method.

Tertiles of energy-adjusted DASH dietary  scorea

T1
(≤ 20)

T2
(21–27)

T3
(≥ 28) P-trend

MUO phenotype based on IDF criteria

 Overweight

  (Cases/participants) 17/24 10/35 1/45

  Crude 1 0.17 (0.05–0.52) 0.01 (0.00–0.08)  < 0.001

  Model 1 1 0.19 (0.06–0.64) 0.01 (0.002–0.08)  < 0.001

  Model 2 1 0.17 (0.05–0.65) 0.01 (0.00–0.09)  < 0.001

 Obese

  (Cases/participants) 28/43 17/34 6/22

  Crude 1 0.54 (0.21–1.34) 0.20 (0.06–0.62) 0.01

  Model 1 1 0.67 (0.25–1.74) 0.18 (0.05–0.63) 0.01

  Model 2 1 0.75 (0.28–2.02) 0.25 (0.07–0.95) 0.06

MUO phenotype based on IDF/HOMA-IR criteria

 Overweight

  (Cases/participants) 14/24 5/35 1/45

  Crude 1 0.12 (0.03–0.41) 0.02 (0.00–0.14)

  Model 1 1 0.11 (0.03–0.43) 0.02 (0.00–0.15)  < 0.001

  Model 2 1 0.11 (0.03–0.46) 0.03 (0.00–0.28)  < 0.001

 Obese

  (Cases/participants) 27/43 14/34 6/22  < 0.001

  Crude 1 0.41 (0.16–1.04) 0.22 (0.07–0.69) 0.01

  Model 1 1 0.52 (0.20–1.35) 0.20 (0.06–0.70) 0.01

  Model 2 1 0.56 (0.21–1.50) 0.25 (0.07–0.96) 0.06
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Table 5.  Multivariate adjusted odds ratio (OR) and 95% confidence interval (CI) for MUO across energy-
adjusted tertiles of the DASH dietary score, stratified by sex. All values are odds ratios (OR) and 95% 
confidence intervals (CI). P-trend was obtained by the use of tertiles of DASH diet as an ordinal variable in 
the model. Model 1: Adjusted for age, and total energy intake. Model 2: Additionally adjusted for physical 
activity and socioeconomic status (parental education, parental job, number of family members, having car in 
the family, having computer/laptop, having personal room and having trip). Model 3: Additionally adjusted 
for body mass index (BMI). a Components of DASH diet were adjusted for total energy intake based on the 
residual method.

Tertiles of energy-adjusted DASH dietary  scorea

T1 (≤ 20) T2 (21–27) T3 (≥ 28) P-trend

MUO phenotype based on IDF criteria

 Girl

  (Cases/participants) 25/36 15/34 2/32

  Crude 1 0.35 (0.13–0.93) 0.03 (0.00–0.14)  < 0.001

  Model 1 1 0.47 (0.16–1.41) 0.01(0.00–0.11)  < 0.001

  Model 2 1 0.46 (0.15–1.39) 0.02 (0.00–0.13)  < 0.001

  Model 3 1 0.46 (0.15–1.39) 0.02 (0.00–0.13)  < 0.001

 Boy

  (Cases/participants) 20/31 12/35 5/35

  Crude 1 0.29 (0.10–0.79) 0.09 (0.03–0.30)  < 0.001

  Model 1 1 0.29 (0.10–0.83) 0.07 (0.02–0.29)  < 0.001

  Model 2 1 0.39 (0.12–1.25) 0.12 (0.03–0.53) 0.01

  Model 3 1 0.41 (0.12–1.34) 0.09 (0.02–0.45) 0.01

MUO phenotype based on IDF/HOMA-IR criteria

 Girl

  (Cases/participants) 22/36 8/34 2/32

  Crude 1 0.20 (0.07–0.55) 0.04 (0.01–0.21)  < 0.001

  Model 1 1 0.24 (0.08–0.74) 0.03 (0.01–0.19)  < 0.001

  Model 2 1 0.22 (0.07–0.69) 0.05 (0.01–0.31)  < 0.001

  Model 3 1 0.22 (0.07–0.68) 0.05 (0.01–0.33)  < 0.001

 Boy

  (Cases/participants) 19/31 11/35 5/35

  Crude 1 0.29 (0.10–0.80) 0.10 (0.03–0.35)  < 0.001

  Model 1 1 0.31 (0.10–0.90) 0.09 (0.02–0.36)  < 0.001

  Model 2 1 0.41 (0.12–1.32) 0.14 (0.03–0.65) 0.01

  Model 3 1 0.42 (0.13–1.40) 0.11 (0.02–0.55) 0.01
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Supporting data for the findings of this investigation are available from the corresponding author (PS) upon 
reasonable request.
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