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Introduction
Metabolic syndrome (MetS) is characterized as a cluster 
of risk factors that elevates the chance of cardiovascular 
disease (CVD), type 2 diabetes (T2D)1 and all-cause of 
mortality.2 Various metabolic factors involved in the 
development of MetS, such as glucose intolerance (type 
2 diabetes, impaired glucose tolerance, or impaired 
fasting plasma glucose), insulin resistance, abdominal 
obesity, dyslipidemia, and elevated blood pressure (BP).3-5 
According to the National Cholesterol Education Program 
(NCEP) Adult Treatment Panel-III (ATP III) MetS has 
been as three or more of waist circumference (WC) >102 
cm in males and WC >88 cm in females, fasting plasma 
glucose ≥110 mg/dL in both gender, or a known diagnosis 
diabetes, fasting serum triglyceride ≥150 mg/dL in both 
gender, fasting high-density lipoprotein (HDL) cholesterol 
<40 mg/dL in males and HDL<50 mg/dL in females, or BP 
≥ 130/85 mm Hg in both gender.6

The MetS and its cardiometabolic risk factors in 
developed countries and worldwide are highly prevalent.7,8 
A recent study in Iran has reported that the total prevalence 
of MetS is 32%.9 One of the most important factors that 
significantly leads to a high prevalence of the MetS is obesity 
and the major cause of obesity is positive energy balance.10 
Some studies have reported positive associations between 
dietary energy density (DED) and energy intake.11-13 
DED (kcal/g) is calculated as the amount of energy in a 
particular weight of food.14 Diets with high energy density 
include higher amount of refined grains, fat and added 
sugars while lower amount of whole grains, dietary fiber, 
vegetables and fruits.15 Adherence to such diets has been 
related to the risk of T2D.16 Results from some studies that 
have examined the relationships between DED and body-
weight status are controversial.13,17-20 Pursuant to several 
researches no significant relationship between the intake 
of energy-dense diets and obesity have published21, 22 or a 
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Abstract
Introduction: The objective of this study was to evaluate the association between the consumption of 
an energy-dense diet and cardiometabolic risk factors in Iranian older adults. 
Methods: This cross-sectional study was conducted on 226 older adults who were living in Tehran, 
Iran. Dietary energy density (DED) was calculated as energy per weight of food, kcal/g. The usual 
intake of participants was measured using a validated semi-quantitative food frequency questionnaire. 
Anthropometric measurements, fasting blood sugar, serum lipid profile and blood pressure and were 
assessed. The metabolic syndrome was defined according to National Cholesterol Education Program 
Adult Treatment Panel-III (NCEP ATP III).
Results: Those who were in the third tertile of DED compared to the first tertile had 19% lower odds 
of having the cardiometabolic risk factors and metabolic syndrome (MetS) 0.81 (0.39,1.68) but the 
association was no significant (P = 0.58). There was a significant inverse association between DED and 
systolic blood pressure (SBP) (β=-0.14, P = 0.03) and diastolic blood pressure (DBP) (β=-0.17, P = 0.01). 
We did not find any significant association between intake of energy-dense foods and serum levels 
of triglyceride (TG) (P = 0.62), fasting blood sugar (FBS) (P = 0.06), high-density lipoprotein (HDL) 
(P = 0.72) and waist circumference (WC) (P = 0.28).
Conclusion: DED is negatively associated with SBP and DBP in Iranian older adults. Prospective 
studies are needed to establish a causal link between DED and MetS and risk factors of cardiovascular 
disease (CVD).
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significant association only in men.23 Other studies have 
presented a significant positive association between DED 
and obesity.24-26 To our knowledge, few studies presented 
the association of DED with MetS11,18 and no study has 
been conducted on older adults so far. Therefore, the 
objective of this study was to clarify the link between 
DED, cardiometabolic risk factors, and MetS in Tehranian 
elderlies. 

Subjects and Methods 
Study population
For our cross-sectional study which conducted between 
October 2015 and January 2016 on 226 older adults. We 
involved 65 men and 161 women with a mean age of 67.04 
± 5.77 years, called up to Tehran health centers. The mean 
of energy density equal to 0.75 reported by a previous 
study27 was used for calculating the sample size. A sample 
size of 248 was determined considering “α” = 0.05, “β” 
=0.1. Sampling of individuals was conducted using 
two-stage cluster sampling in 25 Tehran health centers. 
Participant’s inclusion criteria included enrolling older 
adults over 60 years’ old who abled to answer questions. 
Participants were excluded if they had type 1 diabetes, 
dialysis, or had clinical symptoms of any other disease like 
cancer and those with any disease that affect vitamin D 
metabolism. We also excluded those with reported energy 
intakes <500 and >3500 kcal/d. 

Dietary data and dietary energy density evaluation
To evaluate the habitual dietary intake a valid and reliable 
semi-quantitative food frequency questionnaire (SQ-
FFQ) which contain 147-item applied.28, 29 Educated 
nutritionists, asked the participants to report their intake 
frequency for each food item consumed during the past 
year in terms of the day, week, month and year. Then these 
reported intakes were converted to grams per day using 
standard existing guidelines also we summed each food’s 
energy to acquire total energy intake. For developing 
DED, we divided each daily energy intake of subject that 
reported (kcal/d) into the total weight of foods consumed 
(g/d). The available evidence is based on changes in weight 
of food intake so we did not consider the weight of drinks 
consumed.13 

Anthropometric measurements and blood pressure
Height of participants was measured without shoes by 
a wall stadiometer with precision close to of millimeter 
(Seca, Germany) and weight by electronic scale (Seca 
808, Germany) near to 0.1 kg with thin clothes minus 
any heavy coat or raincoat. Body mass index (BMI) was 
computed by dividing kilogram of weight into the height’s 
square (m2).  We determined waist circumference (WC) 
by a non-elastic tape fixed in the middle of the iliac crest 
and the lowest rib on the exhale. To assess BP, first, we 
demanded individuals to rest for at least 10 min. Blood 
pressure was then measured using a standard mercury 

sphygmomanometer, twice with a 5-minute interval, 
while participants were sitting. The mean of the two 
measurements was recorded as the participant’s BP.

Laboratory parameters
Blood samples (10 mL) were collected among the hours 
of 7-10 am. from all of fasted subjects. Next, blood 
samples were gathered in acid-washed test tubes without 
anticoagulants. After keeping at ambient temperature 
for half-hour and initiation of clot, blood samples were 
centrifuged at 1500 g for 20 minutes. We held samples of 
serum at - 80°C till later experiments. Glucose was assayed 
by the enzymatic (glucose oxidase) colorimetric method.

Commercial kit (Pars Azmun, Tehran, Iran). Serum 
total cholesterol (TC) and high density lipoprotein-
cholesterol (HDL-C) were measured using a cholesterol 
oxidase phenol amino antipyrine method, and triglyceride 
(TG) was measured using a glycerol-3 phosphate oxidase 
phenol amino antipyrine enzymatic method. 

Other measurements
Extra details about lifestyle was acquired via self-
administered questionnaires included age, sex, educational 
level, smoking, medical history and current use of 
medications. Smoking status was divided into current, 
former or never smoking. Education level was stated as 
the greatest degree of school reached and subjects were 
classified into either primary school or less, technical-
professional school, secondary school, university or 
higher. 

Physical activity level
A validated short form of the International Physical 
Activity Questionnaire (IPAQ)30 was used to assess the level 
of physical activity for each participant and then classified 
into three level ; i.e. vigorous, moderate and light physical 
activity according to calculated Metabolic Equivalents 
(METs) over the past week very low (<600 MET-minutes/
week), low (600-3000 MET-minutes/week), and moderate 
and high (>3000 MET-minutes/week).31

Statistical methods
All statistical analyses were performed using the Statistical 
Package for the Social Sciences (SPSS version 25; SPSS 
Inc.) We considered P < 0.05 as significance level. DED 
was classified into low‐ (T1: <1.055 kcal/g), medium‐ (T2: 
1.056-1.25 kcal/g), and high‐ (T3: >1.26 kcal/g) density 
tertiles. One-way analysis of variance (ANOVA) for 
continuous variables and chi-square analysis for categorical 
variables was used to compare general characteristics and 
dietary intake across tertile of DED. Food and nutrient 
intake were controlled for age and energy to carry out 
analysis of covariance (ANCOVA) among DED tertiles. 
Various models presented to discover the relationship 
between DED and MetS and cardiometabolic risk factors 
by means of multivariable logistic regression analysis. At 
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first, we controlled for the confounding impact of age and 
sex. In the next model, more adjustments for smoking, 
physical activity, socio-economic status and BMI were 
accomplished. The overall trend of odds ratios across 
tertiles of DED was calculated by considering the median 
of DED in each tertile as a continuous variable. 

Results
General characteristics of study participants by tertiles 
of DED are presented in Table 1. In comparison with 
those in the first tertile, subjects in the last tertile were 
younger. There were no significant differences in other 
characteristics across tertiles of DED. 

Dietary intake of macronutrients and food groups 
according to the tertiles of the DED were indicated 
in Table 2. Significant differences were demonstrated 
in dietary intake of carbohydrate (P < 0.001), protein 
(P < 0.001), total fat (P < 0.001), cholesterol (P = 0.007) and 
fiber (P < 0.001) across the tertiles of DED. Subjects in the 
third tertile of DED had higher intake of carbohydrate, 
protein, total fat, cholesterol and fiber compared to the 
first tertile. Significant differences were also observed in 
terms of vegetables (P = 0.02), refined grains (P < 0.001), 
nuts and legumes (P < 0.001) among the tertiles of DED. 
Individuals in the last tertile of DED had higher intake of 
fruits, meat and fish, refined grains and nuts and legumes 
as well as had lower intake of vegetables. The intake of 

whole grains and dairy was not significantly different 
across tertiles of DED.

The Multivariate adjusted means for TG, systolic BP 
(SBP), diastolic BP (DBP), fasting blood sugar (FBS), 
HDL-C and WC according to the tertiles of DED is shown 
in Table 3. In the crude model, we observed that higher 
DED was contributed to the lower DBP (P = 0.007) and 
SBP (P = 0.02) and there was no significant difference in 
terms of other components of MetS across tertiles of DED. 
After controlling for covariates these associations were 
remained non-significant except for DBP (P = 0.02). 

Multivariate adjusted odds ratios and 95% confidence 
intervals for MetS and its components across tertiles of 
DED are presented in Table 4. In crude model, although 
those who were in the third tertile of DED compared to 
the first tertile were less likely to have cardiometabolic risk 
factors and MetS [OR= 0.81; CI95%: 0.39,1.68], there was 
no association between higher DED and MetS (P = 0.58). 
After adjusting for age and sex also this result remained 
non-significant. There was also no significant association 
between DED and components of the cardiometabolic 
risk factors and MetS even after controlling for covariates. 

The associations between DED and components of MetS 
are shown in Table 5. Among all the components of MetS, 
SBP (β=-0.14, P = 0.02) and DBP (β=-0.16, P = 0.01) had a 
significant inverse association with DED. Moreover, after 
controlling for covariates these associations remained 

Table 1. General characteristics of study participants by tertiles of dietary energy density

All
Mean ±SD

Tertiles of DED
P valueT1

<1.055 kcal/g 
 T2

1.056-1.25 kcal/g
T3

>1.26 kcal/g

n 226 75 76 75
Age (y) 67.04±5.77 67.78± 6.29 67.02±5.72 66.32±5.23 0.29
Weight (kg) 72.62±12.04 72.79±12.50 72.64±11.82 72.42±11.95 0.98
WC (cm) 99.22±10.37 100.04±10.70 99.80±10.48 97.82± 9.93 0.35
BMI (kg/m2) 29.75±4.53 30.30±5.13 29.18±4.09 29.79±4.32 0.31
Sex, n (%) 0.68
Male 65 (28.8) 29 (12.8) 18 (8.0) 18 (8.0)
Female 161 (71.2) 46 (20.4) 58 (25.7) 57 (25.2)

Marital status, n (%) 0.59
Single 3 (1.3) 1 (0.4) 2 (0.9) 0 (0.0)
Married 161 (71.2) 51 (22.6) 55 (24.3) 55 (24.3)
Divorced 4 (1.8) 2 (0.9) 2 (0.9) 0 (0.0)
Widow 58 (25.7) 21 (9.3) 17 (7.5) 20 (8.8)

Smoking, n (%) 0.97
Non-smoker 191 (84.5) 64 (28.3) 64 (28.3) 63 (27.9)
Former and current smoker 39 (15.5) 11 (4.9) 12 (5.3) 12 (5.3)

Physical* activity, n (%) 0.33
Very low 108 (47.8) 38 (16.8) 39 (17.3) 31 (13.7)
Low 78 (34.5) 22 (9.7) 23 (10.2) 33 (14.6)
Medium and high 40 (17.7) 15 (6.6) 14 (6.2) 11 (4.9)

P value less than 0.05 was considered significant.
Values are based on mean ± standard deviation or reported frequency (percentage). One-way ANOVA for quantitative data and Chi-2 test for qualitative 
data have been used.
DED: dietary energy density; BMI: body mass index; WC: waist circumference.  
*Defined using METs were classified as very low (< 600 MET-minutes/week), low (600-3000 MET-minutes/week), and moderate and high (> 3000 
MET-minutes/week).
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significant for SBP (β=-0.14, P = 0.03) and DBP (β=-0.17, 
P = 0.01). There was no significant association between 
intake of ED foods and serum levels of TG (P = 0.62), FBS 
(P = 0.06), HDL (P = 0.72) and WC (P = 0.28).

Discussion
In the current cross-sectional study, we found a significant 
inverse association between DED with SBP and DBP. 
However, our findings showed a negative relationship 
but not significant between DED and odds of having 
MetS and other cardiometabolic risk factors in spite of 

controlling for familiar potential confounders. As far as 
we are know, this is the first study that investigates the 
association between DED and the MetS in older adults in 
the Middle East based on dietary data from validated FFQ.

In this research, we showed that higher intake of 
energy-dense foods were significantly related to decreased 
both SBP and DBP. It should be noted that no study has 
reported such a relation between DED and SBP and DBP. 
Although some studies failed to show any significant 
relationship between higher consumption of ED foods, 
SBP and DBP,12,17,32 the Swedish Obese Subjects Study 

Table 2. Dietary intake of nutrients/foods according to the tertiles of the dietary energy density

All
Mean ±SD

Tertiles of DED
P 

value*
P 

value**T1
<1.055 kcal/g 

 T2
1.056-1.25 kcal/g

T3
>1.26 kcal/g

n 226 75 76 75
Energy, kcal/d 2775±799 2749±911 2731±68 2846±793 0.63 0.45

Carbohydrates, g/d 371.2±137.2 300.7±87.8 361.5±102.2 451.4±165.1 <0.001 <0.001

Added sugar, g/d 151.4±62.4 125.0±39.5 148.1±47.6 181.1±79.7 <0.001 <0.001

Protein, g/d 84.1±31.7 70.3±20.2 81.2±23.7 100.8±39.9 <0.001 <0.001

Total fat, g/d 78.9±36.4 59.0±17.3 77.6±21.4 100.1±49.2 <0.001 <0.001

Saturated fat, g/d 23.8±10.1 19.3±6.2 23.7±7.3 28.3±13.4 <0.001 <0.001

Cholesterol, mg/d 204.8±103.4 177.2±66.1 206.8±99.7 230.3±129.0 0.007 0.002

Fiber, g/d 46.7±24.7 36.1±11.9 43.5±18.5 60.6±32.3 <0.001 <0.001

Fruits, g/d 519.2±291.9 501.3±261.3 509.8±266.2 546.3±343.1 0.60 0.34

Vegetables, g/d 421.7±21.6 473.1±273.1 375.7±163.6 417±196.7 0.02 0.11

Meat and fish, g/d 55.8±39.7 49.8±27.6 53.5±33.8 64.1±52.6 0.07 0.02

Whole grains, g/d 20.0±32.6 21.2±42.9 16.9±20.9 22.0±30.5 0.58 0.88

Refined grains, g/d 454.9±220.4 329.2±143.5 445.4±160.1 590.0±258.0 <0.001 <0.001

Dairy, g/d 385.3±229.5 385±200 420.6±235.7 349.8±246.9 0.16 0.34
Nuts and legumes, g/d 48.4±38.9 37.1±21.3 44.9±28.19 63.3±54.5 <0.001 <0.001

DED: dietary energy density.
P value less than 0.05 was considered significant.
Values are based on mean ± standard deviation.
*One-way anova, **Values adjusted for age and energy intake. Data for energy intake have just been adjusted for age.  

Table 3. The Multivariate adjusted means for metabolic syndrome’s components according to ter-tiles of dietary energy density

All
Mean ±SD

Tertiles of DED*
P value P value**T1

<1.055 kcal/g 
 T2

1.056-1.25 kcal/g
T3

>1.26 kcal/g
TG£§ (mg/dL) 176.3±88.1 179.5±102.2 175.0±71.2 174.5±89.5 0.73 0.93
SBP£§ (mm Hg) 142.0±22.0 146.8±25.6 140.5±19.2 138.8±20.1 0.02 0.07

DBP£§ (mm Hg) 84.6±14.7 88.7±18.6 84.1±12.1 81.7±11.8 0.007 0.02

FBS£§ (mg/dL) 110.4±41.6 106.5±36.4 107.0±44.7 117.8±42.8 0.10 0.25

HDL-C£§ (mg/dL) 49.1±12.9 47.4±13.9 50.8±12.2 49.0±12.5 0.47 0.46

WC (cm) 99.2±10.3 100.0±10.7 99.8±10.4 97.8±9.9 0.19 0.35
BMI (kg/m2) 29.7±4.5 30.3±5.1 29.2±4.1 29.8±4.3 0.31 0.31

DED: dietary energy density,TG: triglyceride, SBP: systolic blood pressure, DBP: diastolic blood pressure, FBS: fasting blood sugar, HDL-C: high density 
lipoprotein-cholesterol, WC: waist circum-ference, BMI: body mass index
Data are means ± SD.
* Dietary energy density was based on food only, no beverages.
**All values adjusted for age, sex, cigarette smoking, physical activity, socioeconomic status.
§ Also adjusted for BMI.
£Also adjusted for WC.
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Table 4. Multivariate adjusted odds ratios and 95% confidence intervals for metabolic syn-drome and its components across tertiles of dietary energy density

Tertiles of DED
P valueT1

<1.055 kcal/g 
 T2

1.056-1.25 kcal/g
T3

>1.26 kcal/g
Metabolic Syndrome
Crude 1.00 1.20 (0.56, 2.56) 0.81 (0.39, 1.68) 0.58
Model 1* 1.00 1.20 (0.56, 2.56) 0.81 (0.39, 1.70) 0.59
Model 2§ 1.00 1.01 (0.46, 2.24) 0.68 (0.31, 1.46) 0.50
Hypertriglyceridemia
Crude 1.00 1.20 (0.63, 2.28) 0.85 (0.44, 1.61) 0.57
Model 1 1.00 1.21 (0.64, 2.32) 0.85 (0.44, 1.62) 0.54
Model 2 1.00 1.15 (0.59, 2.25) 0.76 (0.39, 1.50) 0.47
Hypertension 
Crude 1.00 0.92 (0.44, 1.97) 0.77 (0.38, 1.56) 0.82
Model 1 1.00 0.79 (0.38, 1.65) 0.76 (0.38, 1.54) 0.83
Model 2 1.00 1.00 (0.95, 1.07) 0.62 (0.29, 1.30) 0.58
Hyperglycemia 
Crude 1.00 1.13 (0.58, 2.21) 1.49 (0.76, 2.92) 0.47
Model 1 1.00 1.15 (0.58, 2.25) 1.53 (0.78, 3.01) 0.44
Model 2 1.00 1.17 (0.58, 2.37) 1.70 (0.83, 3.45) 0.31
Low HDL-C
Crude 1.00 1.21 (0.63, 2.33) 0.74 (0.38, 1.46) 0.35
Model 1 1.00 1.20 (0.62, 2.31) 0.68 (0.34, 1.35) 0.25
Model 2 1.00 1.05 (0.52, 2.10) 0.56 (0.27, 1.18) 0.18
Abdominal obesity
Crude 1.00 1.16 (0.56, 2.40) 0.87 (0.43, 1.77) 0.74
Model 1 1.00 1.14 (0.55, 2.36) 0.87 (0.42, 1.79) 0.77
Model 2 1.00 0.62 (0.25, 1.54) 0.48 (0.19, 1.21) 0.29

HDL-C: high density lipoprotein-cholesterol.
Data are OR (95% CI).
*Adjusted for age and sex.
§ Adjusted for age, sex, smoking, physical activity, socioeconomic status, body mass index and energy.

Table 5. Association between components of metabolic syndrome and dietary energy density

DED
β±SE 95% CI R2 P value

TG (mg/dL)
Model 1 -0.04±0.0001 0.0001,0.0001 0.002 0.53
Model 2 -0.03±0.0001 0.0001,0.0001 0.02 0.62

SBP (mm Hg)
Model 1 -0.14±0.001 -0.003,0.0001 0.02 0.02
Model 2 -0.14±0.001 -0.003,0.0001 0.04 0.03

DBP (mm Hg)
Model 1 -0.16±0.001 -0.005,-0.001 0.02 0.01
Model 2 -0.17±0.001 -0.005,-0.001 0.05 0.01

FBS (mg/dL)
Model 1 0.12±0.0001 0.0001,0.002 0.01 0.07
Model 2 0.13±0.0001 0.0001,0.002 0.04 0.06

HDL-C (mg/dL)
Model 1 0.008±0.001 -0.002,0.003 0.0001 0.90
Model 2 -0.02±0.001 -0.003,0.002 0.02 0.72

WC (cm)
Model 1 -0.07±0.002 -0.005,0.002 0.005 029
Model 2 -0.07±0.002 -0.005,0.002 0.02 0.28

β: standardized coefficients, SE: standard error, CI: confidence interval, R2: R square, DED: dietary energy density, TG: triglyceride, SBP: systolic blood 
pressure, DBP: diastolic blood pressure, FBS: fasting blood sugar, HDL-C: high density lipoprotein-cholesterol, WC: waist circumference.
P value less than 0.05 was considered significant. P value obtained from Linear regression. 
Model 1: Crude.
Model 2: Adjusted for age, sex, smoking, socioeconomic status, physical activity and energy.
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(SOS) study indicated a positive association of adherence 
to ED pattern with SBP and DBP.33 This could be due to 
that ED diets are rich in fat, with higher level of energy 
production per gram, in compared with poor in vegetable, 
fruit, and fiber.34-36 A recent cross-sectional study suggested 
that higher consumption of whole-grain may improve 
cardiovascular function.37 Also, one current systematic 
review and meta-analysis demonstrated that high intake 
of fruits and vegetables decreases CVD risk.38 As well as 
some other meta-analyses indicate that consumption of 
nuts and legumes have beneficial effects on CVD risk.39,40 
However, in an epidemiologic research, high processed 
and red meat consumption were related to elevated BMI 
and SBP.41

Our findings also suggest no significant association 
between DED and WC. In agreement with our findings 
a  current cross-sectional study failed to report any 
significant relationship between DED and WC in Japanese 
men.42 Results of a prospective study al so showed that there 
is not any significant relationship between DED and WC 
after controlling for weight change.20 Moreover, a recent 
systematic review and meta-analysis of observational 
studies offered that DED is related to risk of increased 
adiposity, greater body weight change, but not BMI and 
WC.34 Conversely, Mendoza et al found a significant 
positive association between consumption of ED foods 
and WC.18 This result is similar to those reported in some 
other previous studies.43,44

According to our results, no significant association of 
DED with FBS and lipid profile was indicated. In line with 
our result, previous studies failed to show any significant 
relationship between DED and FBS.11,32 Murakami et al 
similarly did not find any significant link between DED 
and serum HDL and TG. In contrast, in a longitudinal 
study among Iranian adults DED was inversely associated 
with HDL-C and positively related to atherogenic index 
of plasma changes.45 In another epidemiologic research in 
Iran, findings showed that higher intake of ED foods lead 
to higher serum HDL and TG in female nurses.12

The discrepancies among studies may be partly related 
to specific characteristics of diet in each population 
because DED do not differentiate foods in terms of energy. 
In populations with greater adherence to Mediterranean 
diet with higher content of fat, the beneficial effects of this 
patterns are related to olive oil consumption. 

The other reason for conflicting results may be due 
to the method of dietary assessment in studies. Some 
studies like the study conducted by Mendoza et al, used 
1-day 24-hour dietary recall in their study.18 In contrast, 
we used a validated FFQ for dietary assessment which 
reflects individual’s long-term habitual dietary intakes.48 
Additionally, in a study by Murakami et al, the whole 
picture of the MetS did not considered17 which may 
explain the findings of non-significant association 
between DED and metabolic risk factors among young 
Japanese women.17

In our research, mean and standard deviation of DED 
was 1.18 ± 0.25 kcal/g. This result was noticeably lower 
than that showed in eastern and western studies (1.79-1.85 
kcal/g)13,,15,17,18 which is related to the age of participants. 
Needs of energy among older adults are lower than in 
other age groups. Also, this could be because of higher 
intake of rice and traditional bread in eastern countries 
and higher consumption of fats and sugar in western 
countries 13, 15 though the content of sugar and fat was the 
reason of high density of energy in their population. 

Measurement of DED is still controversial. Many 
different methods are used to measure the energy density 
of foods, which their main difference is considering the 
contribution of drinks.49,50 A systematic review concluded 
that it is better to calculate DED based on foods, not the 
total amount of food and drink because considering drinks 
makes bias toward significant relationship.51 Many studies 
have shown that the impact of DED on weight and obesity 
is according to energy density of foods not drinks10,52-54 
and reducing DED is an important aspect of prevention 
of gain weight and obesity. We found that among 
macronutrients, fat intake was positively associated with 
DED. It has been shown that due to higher density of fat 
in energy production than protein and carbohydrate, diets 
with higher content of fat tend to be energy dense.55 To 
be noted that fat content varies substantially in individual 
foods. Epidemiological evidence indicates that high-fat/
low-fiber diets promote the chance of developing diabetes 
by 89% as compared to the low-fat/high-fiber diets.17

Several physiologic mechanisms have been suggested 
for the association of DED and MetS. Insulin resistance 
was determined to play a key role in the pathogenesis 
of the MetS15 and accumulating evidence suggests 
that intake of energy-dense foods may change insulin 
resistance, independent of obesity.46 First, higher DED is 
positively linked to higher content of refined grains and 
added sugars.56 Higher content of sugar in diet is also 
associated with higher glycemic load, which may further 
insulin resistance and increases the MetS and T2D risk.56 

Second, in line with other studies, we also found that the 
content of total fat and saturated fat was higher in the 
top tertile as compared to the first tertile.56 According to 
the previous studies higher total fats and saturated fatty 
acids are positively linked with insulin resistance.57 Third, 
previously it has been presented that foods with greater 
DED are related to excess energy intake which lead to 
overweight and obesity.13,57

Variety of dietary assessment methods used, different 
populations in studies, and number and type of variables 
used as confounding factors may explain inconsistency 
among results. Moreover, the method of DED calculation 
based on using or not using beverages in the calculation, 
may result in different associations, especially because 
beverages may weaken associations with outcome 
measures may result in an increase within-person 
variation.58



Dietary energy density and metabolic syndrome

J Cardiovasc Thorac Res, 2020, 12(2), 97-105 103

Our study has also some limitations. First, the cross-
sectional nature of the study precludes us from inferring 
causal associations. Longitudinal studies are needed to 
check causal relationships. We used semi-quantitative FFQ 
for gathering dietary data in spite of long term nutritional 
assessment of subjects but some foods that did not exist in 
FFQ have been not covered in calculation of DED.

Conclusion 
In summary, findings of this research indicated that 
higher DED is inversely related to SBP and DBP. Findings 
also suggest that higher intake of energy dense foods was 
not associated with risk of MetS and cardiometabolic 
risk factors. Further well-designed studies are required 
to investigate the causal relationship between DED and 
MetS.

Competing interests
None.

Ethical approval
All procedures were in accord with the ethical standards of the 
Tehran University of Medical Sciences (ethic Number: IR.TUMS.
REC.1395.2618), who approved the protocol and informed 
consent form. All participants signed a written informed consent 
prior to the start of the study.

Funding
This manuscript has been granted by Tehran University of 
Medical Sciences (Grant No: 27810).

Acknowledgments
We thank the health centers for their collaboration. We sincerely 
appreciate all the subjects for their participation in this study. 
SS-b designed and supervised the study. SM helped intellectually 
in finalizing the study design. HS and MS analyzed data and 
wrote the preliminary manuscript and. All statistical analyses 
were done under the supervision of SSb. KD, SSb and CC 
critically revised the manuscript. All authors read and approved 
the final manuscript.

References
1. Sundstrom J, Riserus U, Byberg L, Zethelius B, Lithell H, 

Lind L. Clinical value of the metabolic syndrome for long 
term prediction of total and cardiovascular mortality: 
prospective, population based cohort study. BMJ 2006; 332: 
878-82. doi: 10.1136/bmj.38766.624097.1F

2. Wu SH, Liu Z, Ho SC. Metabolic syndrome and all-cause 
mortality: a meta-analysis of prospective cohort studies. 
Eur J Epidemiol 2010; 25: 375-84. doi: 10.1007/s10654-
010-9459-z

3. Eapen D, Kalra GL, Merchant N, Arora A, Khan BV. 
Metabolic syndrome and cardiovascular disease in South 
Asians. Vasc Health Risk Manag 2009; 5: 731-43. doi: 
10.2147/vhrm.s5172

4. Avogaro A. Insulin resistance: trigger or concomitant factor 
in the metabolic syndrome. Panminerva Med 2006; 48: 
3-12. 

5. Einhorn D, Reaven GM, Cobin RH, Ford E, Ganda OP, 

Handelsman Y, et al. American College of Endocrinology 
position statement on the insulin resistance syndrome. 
Endocr Pract 2003; 9: 237-52. 

6. Anonymous. Executive Summary of The Third Report 
of The National Cholesterol Education Program (NCEP) 
Expert Panel on Detection, Evaluation, And Treatment 
of High Blood Cholesterol In Adults (Adult Treatment 
Panel III). Jama 2001; 285: 2486-97. doi: 10.1001/
jama.285.19.2486

7. Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic 
syndrome among US adults: findings from the third 
National Health and Nutrition Examination Survey. Jama 
2002; 287: 356-9. doi: 10.1001/jama.287.3.356

8. Cameron AJ, Shaw JE, Zimmet PZ. The metabolic syndrome: 
prevalence in worldwide populations. Endocrinol Metab 
Clin North Am 2004; 33: 351-75, table of contents. doi: 
10.1016/j.ecl.2004.03.005

9. Dalvand S, Bakhshi E, Zarei M, Asl MT, Ghanei R. 
Prevalence of Metabolic Syndrome in Iran: A systematic 
review and meta-analysis. MSNJ 2017; 5: 1-14. 

10. Anonymous. Diet, nutrition and the prevention of chronic 
diseases. World Health Organ Tech Rep Ser 2003; 916: 
i-viii, 1-149, backcover. 

11. Esmaillzadeh A, Azadbakht L. Dietary energy density and 
the metabolic syndrome among Iranian women. Eur J Clin 
Nutr 2011; 65: 598-605. doi: 10.1038/ejcn.2010.284

12. Azadbakht L, Haghighatdoost F, Keshteli AH, Larijani B, 
Esmaillzadeh A. Consumption of energy-dense diets in 
relation to metabolic syndrome and inflammatory markers 
in Iranian female nurses. Public Health Nutr 2017; 20: 893-
901. doi: 10.1017/s1368980016002822

13. Ledikwe JH, Blanck HM, Kettel Khan L, Serdula MK, 
Seymour JD, Tohill BC, et al. Dietary energy density is 
associated with energy intake and weight status in US 
adults. Am J Clin Nutr 2006; 83: 1362-8. doi: 10.1093/
ajcn/83.6.1362

14. Prentice AM, Jebb SA. Fast foods, energy density and 
obesity: a possible mechanistic link. Obes Rev 2003; 4: 187-
94. doi: 10.1046/j.1467-789x.2003.00117.x

15. Kant AK, Graubard BI. Energy density of diets reported 
by American adults: association with food group intake, 
nutrient intake, and body weight. Int J Obes (Lond) 2005; 
29: 950-6. doi: 10.1038/sj.ijo.0802980

16. Hingle MD, Wertheim BC, Neuhouser ML, Tinker LF, 
Howard BV, Johnson K, et al. Association between Dietary 
Energy Density and Incident Type 2 Diabetes in the 
Women’s Health Initiative. J Acad Nutr Diet 2017; 117: 
778-85.e1. doi: 10.1016/j.jand.2016.11.010

17. Murakami K, Sasaki S, Takahashi Y, Uenishi K. Dietary 
energy density is associated with body mass index and waist 
circumference, but not with other metabolic risk factors, 
in free-living young Japanese women. Nutrition 2007; 23: 
798-806. doi: 10.1016/j.nut.2007.08.014

18. Mendoza JA, Drewnowski A, Christakis DA. Dietary 
energy density is associated with obesity and the metabolic 
syndrome in U.S. adults. Diabetes Care 2007; 30: 974-9. 
doi: 10.2337/dc06-2188

19. Bes-Rastrollo M, van Dam RM, Martinez-Gonzalez MA, 
Li TY, Sampson LL, Hu FB. Prospective study of dietary 
energy density and weight gain in women. Am J Clin Nutr 
2008; 88: 769-77. doi: 10.1093/ajcn/88.3.769



Shahinfar et al

J Cardiovasc Thorac Res, 2020, 12(2), 97-105104

20. Vergnaud AC, Estaquio C, Czernichow S, Peneau S, 
Hercberg S, Galan P, et al. Energy density and 6-year 
anthropometric changes in a middle-aged adult cohort. Br 
J Nutr 2009; 102: 302-9. doi: 10.1017/s0007114508162109

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

22. Cuco G, Arija V, Marti-Henneberg C, Fernandez-Ballart 
J. Food and nutritional profile of high energy density 
consumers in an adult Mediterranean population. Eur J 
Clin Nutr 2001; 55: 192-9. doi: 10.1038/sj.ejcn.1601144

23. Marti-Henneberg C, Capdevila F, Arija V, Perez S, Cuco 
G, Vizmanos B, et al. Energy density of the diet, food 
volume and energy intake by age and sex in a healthy 
population. Eur J Clin Nutr 1999; 53: 421-8. doi: 10.1038/
sj.ejcn.1600770

24. Howarth NC, Murphy SP, Wilkens LR, Hankin JH, Kolonel 
LN. Dietary energy density is associated with overweight 
status among 5 ethnic groups in the multiethnic cohort 
study. J Nutr 2006; 136: 2243-8. doi: 10.1093/jn/136.8.2243

25. Stookey JD. Energy density, energy intake and weight status 
in a large free-living sample of Chinese adults: exploring 
the underlying roles of fat, protein, carbohydrate, fiber 
and water intakes. Eur J Clin Nutr 2001; 55: 349-59. doi: 
10.1038/sj.ejcn.1601163

26. Savage JS, Marini M, Birch LL. Dietary energy density 
predicts women’s weight change over 6 y. Am J Clin Nutr 
2008; 88: 677-84. doi: 10.1093/ajcn/88.3.677

27. Vernarelli JA, Mitchell DC, Rolls BJ, Hartman TJ. Methods 
for calculating dietary energy density in a nationally 
representative sample. Procedia Food Sci 2013; 2: 68-74. 
doi: 10.1016/j.profoo.2013.04.011

28. Esfahani FH, Asghari G, Mirmiran P, Azizi F. 
Reproducibility and relative validity of food group intake 
in a food frequency questionnaire developed for the Tehran 
Lipid and Glucose Study. J Epidemiol 2010; 20: 150-8. doi: 
10.2188/jea.je20090083

29. Asghari G, Rezazadeh A, Hosseini-Esfahani F, Mehrabi Y, 
Mirmiran P, Azizi F. Reliability, comparative validity and 
stability of dietary patterns derived from an FFQ in the 
Tehran Lipid and Glucose Study. Br J Nutr 2012; 108: 1109-
17. doi: 10.1017/s0007114511006313

30. Moghaddam MB, Aghdam FB, Jafarabadi MA, 
Allahverdipour H, Nikookheslat SD, Safarpour S. The 
Iranian Version of International Physical Activity 
Questionnaire (IPAQ) in Iran: content and construct 
validity, factor structure, internal consistency and stability. 
World applied sciences journal 2012; 18: 1073-80. 

31. Wareham NJ, Jakes RW, Rennie KL, Schuit J, Mitchell J, 
Hennings S, et al. Validity and repeatability of a simple 
index derived from the short physical activity questionnaire 
used in the European Prospective Investigation into Cancer 
and Nutrition (EPIC) study. Public Health Nutr 2003; 6: 
407-13. doi: 10.1079/phn2002439

32. Esmaillzadeh A, Boroujeni HK, Azadbakht L. Consumption 
of energy-dense diets in relation to cardiometabolic 
abnormalities among Iranian women. Public Health Nutr 
2012; 15: 868-75. doi: 10.1017/s1368980011002680

33. Johns DJ, Lindroos AK, Jebb SA, Sjostrom L, Carlsson 
LM, Ambrosini GL. Dietary patterns, cardiometabolic 

risk factors, and the incidence of cardiovascular disease in 
severe obesity. Obesity (Silver Spring) 2015; 23: 1063-70. 
doi: 10.1002/oby.20920

34. Rouhani MH, Haghighatdoost F, Surkan PJ, Azadbakht L. 
Associations between dietary energy density and obesity: 
A systematic review and meta-analysis of observational 
studies. Nutrition 2016; 32: 1037-47. doi: 10.1016/j.
nut.2016.03.017

35. Piernas C, Popkin BM. Increased portion sizes from 
energy-dense foods affect total energy intake at eating 
occasions in US children and adolescents: patterns and 
trends by age group and sociodemographic characteristics, 
1977-2006. Am J Clin Nutr 2011; 94: 1324-32. doi: 10.3945/
ajcn.110.008466

36. McNaughton SA, Wattanapenpaiboon N, Wark JD, Nowson 
CA. An energy-dense, nutrient-poor dietary pattern is 
inversely associated with bone health in women. J Nutr 
2011; 141: 1516-23. doi: 10.3945/jn.111.138271

37. Song S, Lee JE, Song WO, Paik HY, Song Y. Carbohydrate 
intake and refined-grain consumption are associated with 
metabolic syndrome in the Korean adult population. J Acad 
Nutr Diet 2014; 114: 54-62. doi: 10.1016/j.jand.2013.08.025

38. Zhan J, Liu YJ, Cai LB, Xu FR, Xie T, He QQ. Fruit and 
vegetable consumption and risk of cardiovascular 
disease: A meta-analysis of prospective cohort studies. 
Crit Rev Food Sci Nutr 2017; 57: 1650-63. doi: 
10.1080/10408398.2015.1008980

39. Mayhew AJ, de Souza RJ, Meyre D, Anand SS, Mente A. 
A systematic review and meta-analysis of nut consumption 
and incident risk of CVD and all-cause mortality. Br J Nutr 
2016; 115: 212-25. doi: 10.1017/s0007114515004316

40. Marventano S, Izquierdo Pulido M, Sanchez-Gonzalez C, 
Godos J, Speciani A, Galvano F, et al. Legume consumption 
and CVD risk: a systematic review and meta-analysis. 
Public Health Nutr 2017; 20: 245-54. doi: 10.1017/
s1368980016002299

41. Atalic B, Toth J, Atalic V, Radanovic D, Miskulin M, Lucin 
A. Red and processed meat and cardiovascular risk factors. 
Acta Med Croatica 2013; 67: 211-8. 

42. Murakami K, Livingstone MB, Okubo H, Sasaki S. Energy 
density of the diets of Japanese adults in relation to food 
and nutrient intake and general and abdominal obesity: a 
cross-sectional analysis from the 2012 National Health and 
Nutrition Survey, Japan. Br J Nutr 2017; 117: 161-9. doi: 
10.1017/s0007114516004451

43. Du H, van der AD, Ginder V, Jebb SA, Forouhi NG, 
Wareham NJ, et al. Dietary energy density in relation to 
subsequent changes of weight and waist circumference in 
European men and women. PLoS One 2009; 4: e5339. doi: 
10.1371/journal.pone.0005339

44. Romaguera D, Angquist L, Du H, Jakobsen MU, Forouhi 
NG, Halkjaer J, et al. Dietary determinants of changes in 
waist circumference adjusted for body mass index - a proxy 
measure of visceral adiposity. PLoS One 2010; 5: e11588. 
doi: 10.1371/journal.pone.0011588

45. Mirmiran P, Bahadoran Z, Mirzaei S, Azizi F. Dietary 
Intake, Changes in Lipid Parameters and the Risk of 
Hypertriglyceridemia: A Prospective Approach in the 
Tehran Lipid and Glucose Study. Int J Vitam Nutr Res 
2014; 84: 269-76. doi: 10.1024/0300-9831/a000213

46. de Castro JM. Dietary energy density is associated with 



Dietary energy density and metabolic syndrome

J Cardiovasc Thorac Res, 2020, 12(2), 97-105 105

increased intake in free-living humans. J Nutr 2004; 134: 
335-41. doi: 10.1093/jn/134.2.335

47. van den Berg SW, van der AD, Spijkerman AM, van 
Woudenbergh GJ, Tijhuis MJ, Amiano P, et al. The 
association between dietary energy density and type 
2 diabetes in Europe: results from the EPIC-InterAct 
Study. PLoS One 2013; 8: e59947. doi: 10.1371/journal.
pone.0059947

48. Willett W. Nutritional epidemiology: Oxford university 
press; 2012. 

49. Cox DN, Mela DJ. Determination of energy density of freely 
selected diets: methodological issues and implications. Int 
J Obes Relat Metab Disord 2000; 24: 49-54. doi: 10.1038/
sj.ijo.0801084

50. Ledikwe JH, Blanck HM, Khan LK, Serdula MK, Seymour 
JD, Tohill BC, et al. Dietary energy density determined by 
eight calculation methods in a nationally representative 
United States population. J Nutr 2005; 135: 273-8. doi: 
10.1093/jn/135.2.273

51. Johnson L, Wilks DC, Lindroos AK, Jebb SA. Reflections 
from a systematic review of dietary energy density and 
weight gain: is the inclusion of drinks valid? Obes Rev 
2009; 10: 681-92. doi: 10.1111/j.1467-789X.2009.00580.x

52. Rolls BJ. Dietary energy density: Applying behavioural 
science to weight management. Nutr Bull 2017; 42: 246-53. 

doi: 10.1111/nbu.12280
53. Sasaki KM, Wada K, Zeredo JLL, Nagata C. Prospective 

study of dietary energy density and weight gain in a 
Japanese adult population. Br J Nutr 2017; 117: 822-8. doi: 
10.1017/s0007114517000484

54. Grech AL, Rangan A, Allman-Farinelli M. Dietary Energy 
Density in the Australian Adult Population from National 
Nutrition Surveys 1995 to 2012. J Acad Nutr Diet 2017; 
117: 1887-99.e2. doi: 10.1016/j.jand.2017.08.121

55. Lindstrom J, Peltonen M, Eriksson JG, Louheranta A, 
Fogelholm M, Uusitupa M, et al. High-fibre, low-fat diet 
predicts long-term weight loss and decreased type 2 diabetes 
risk: the Finnish Diabetes Prevention Study. Diabetologia 
2006; 49: 912-20. doi: 10.1007/s00125-006-0198-3

56. Riccardi G, Giacco R, Rivellese AA. Dietary fat, insulin 
sensitivity and the metabolic syndrome. Clin Nutr 2004; 
23: 447-56. doi: 10.1016/j.clnu.2004.02.006

57. Ello-Martin JA, Ledikwe JH, Rolls BJ. The influence of 
food portion size and energy density on energy intake: 
implications for weight management. Am J Clin Nutr 2005; 
82: 236s-41s. doi: 10.1093/ajcn/82.1.236S

58. Haas JT, Biddinger SB. Dissecting the role of insulin 
resistance in the metabolic syndrome. Curr Opin Lipidol 
2009; 20: 206-10. doi: 10.1097/MOL.0b013e32832b2024


	Association of dietary energy  cs
	Association of dietary energy

