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Abstract

Objective: To assess the association between dietary energy density and the
prevalence of cardiometabolic risk factors among Iranian adult women.
Design: Cross-sectional study.
Setting: Tehran, Islamic Republic of Iran.
Subjects: We assessed habitual dietary intakes of 486 Iranian adult women by the
use of a validated FFQ. Dietary energy density (DED) was calculated as each
individual’s reported daily energy intake (kJ/d, kcal/d) divided by the total weight
of foods (excluding beverages) consumed (g/d). Fasting plasma glucose (FPG),
lipid profiles and blood pressure were measured. Diabetes (FPG $ 126 mg/dl),
dyslipidaemia (based on the National Cholesterol Education Program Adult Treatment
Panel III) and hypertension (based on the Joint National Committee on Prevention,
Detection, Evaluation and Treatment of High Blood Pressure) were determined. The
presence of ‘at least one risk factor’ and ‘at least two risk factors’ of the three major risk
factors for CVD (hypertension, dyslipidaemia and diabetes) was also evaluated. To
explore the associations between DED and cardiometabolic risk factors, we obtained
prevalence ratios in different models accounting for confounders.
Results: Mean DED was 7?41 (SD 1?46) kJ/g (1?77 (SD 0?35) kcal/g). Consumption
of energy-dense diets was associated with higher intakes of energy, dietary fat,
cholesterol, vegetable oils, refined grains and high-fat dairy products, along with
lower intakes of dietary carbohydrates, fruits, vegetables, and meat and fish.
Adherence to an energy-dense diet was associated with elevated levels of
serum TAG, total cholesterol and LDL cholesterol and lower levels of serum
HDL cholesterol. Women in the top quartile of DED were more likely to have
dyslipidaemia (61 % v. 31 %, P , 0?05), at least one (68 % v. 35 %, P , 0?05) and
at least two (29 % v. 10 %, P , 0?05) cardiometabolic risk factors compared with
those in the bottom quartile. Consumption of energy-dense diets was significantly
associated with a greater chance of having dyslipidaemia (prevalence ratio in top
quartile v. bottom quartile: 1?78; 95 % CI 1?33, 2?58), at least one (1?81; 1?44, 2?49)
and at least two cardiometabolic risk factors (2?81; 1?51, 5?24). Additional control
for BMI and total energy intake slightly attenuated the associations. No overall
significant associations were found between consumption of energy-dense diets
and risk of having diabetes or hypertension either before or after adjustment
for confounders.
Conclusions: Consumption of energy-dense diets was significantly related to the
high prevalence of dyslipidaemia, at least one and at least two cardiometabolic
risk factors among Iranian adult women. Prospective studies are required to
confirm our findings.
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The Middle Eastern countries are experiencing a nutrition

transition that is shifting from traditional diets high in fibre,

fruits and vegetables towards Western diets high in fat,

sugar and salt(1). This has resulted in noticeable increases in

the prevalence of obesity and its related co-morbidities(2).

It has been reported that 25–45% of total deaths in these

countries are due to CVD(3). Besides being the leading

cause of death(4), CVD represents a different picture in this

part of the world. Unlike the situation in most developed

countries, cardiovascular risk factors are more prevalent

among Middle Eastern women than men(5). Furthermore,

due to high consumption of refined carbohydrates, low
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HDL cholesterol (HDL-C) and high TAG are the most

prevalent cardiovascular risk factors in this part of the

world(6). Additionally more than two-thirds of the adult

population has dyslipidaemia(7). Furthermore, in contrast to

trends observed in northern Europe and the USA, mortality

from CVD has risen in the Middle East(8). On the other

hand, the majority of available data on dietary determinants

of CVD, particularly diet–CVD relationships, has mainly

been confined to Western populations with their own

dietary characteristics and it is unclear to what extent these

findings might apply to the Middle Eastern population

taking into account that dietary intakes in this region are

totally different from those in Europe, the USA or even

other parts of Asia(9). Therefore, identification of diet–CVD

relationships is of great importance in these countries.

Obesity is a major underlying factor contributing to

CVD. Recently, great attention has been paid to dietary

energy density (DED) in the aetiology of obesity(10–12).

DED (kJ/g, kcal/g) has been defined as the amount of

energy in a given weight of food(13). It has frequently

been reported that consumption of energy-dense diets is

significantly associated with greater risk of overweight,

obesity or weight gain; not only in cross-sectional(12,14) and

prospective studies(15,16), but also in clinical trials, where

reducing DED has been associated with significant weight

loss(17,18). Obesity has been placed at the centre of studies

focusing on DED; however, obesity-related co-morbidities

have not received the attention they deserve in this field.

Energy-dense diets have been reported to be high in

refined grains, processed foods, added sugars and added

fats, and low in fruits, vegetables and whole grains – all

of these items have been associated with greater risk

of CVD. Furthermore, such diets could raise CVD risk

through their effects on obesity and weight gain. There

are just three reports(19–21) available discussing DED in

relation to metabolic risk factors: one has assessed incident

diabetes as an outcome(19) among adults in Norfolk, UK;

the second(20) found an independent positive association

between DED and the metabolic syndrome among US

adults; and the third by Japanese investigators failed to find

a significant relationship between DED and metabolic risk

factors(21). These three studies have their own limitations:

the study by Wang et al.(19) just considered diabetes, not

other cardiovascular risk factors; Mendoza et al.(20) used a

single day’s 24h dietary recall for collecting dietary data

whereas 24h dietary recall cannot reflect participants’

habitual dietary intakes(22); and Murakami et al.’s(21) study

participants were lean young women. To better understand

the association between DED and cardiovascular risk

factors, we designed the current study in a non-Western

population whose dietary intakes have their own unique

characteristics(9,23). Therefore, the main aim of the present

study was to assess the association between DED and cardio-

vascular risk factors among Iranian women. The second

aim was to examine if the associations between DED and

metabolic risk factors are mediated through obesity.

Materials and methods

Participants

Detailed information about the present cross-sectional

study, its participants and measurements has been pub-

lished earlier(24–26). Briefly, by the use of multistage cluster

random sampling method, 583 Tehrani female teachers

from different socio-economic categories were invited to

participate and 521 women (response rate: 89%) agreed

and gave informed written consent. Exclusion criteria for

the current analysis were the existence of a prior history of

chronic diseases, leaving more than seventy items blank

on the FFQ, under- or over-reporting of energy intake

(,3347 or .17573kJ (,800 or .4200kcal), respectively)

and taking medications (propranolol, lovastatin, furosemide,

metformin). Therefore, 486 women with full relevant data

remained for the current study. The current project was

approved by the Research Council of the Food Security and

Nutrition Research Center, Isfahan University of Medical

Sciences, Isfahan, Iran.

Assessment of dietary intake

We used a validated 168-item semi-quantitative FFQ for

collecting dietary data(27,28). Participants were asked to

report the frequency of food items they consumed in the

previous year considering a given serving of food items in

the questionnaire. They were asked to report on a daily,

weekly or monthly basis. We then calculated grams per day

of the consumed foods using standard protocols. Total

energy intake was calculated by summing up energy intakes

from all 168 food items in the questionnaire.

Our validation study(27,28) with the use of biomarkers and

also twelve 24h dietary recalls as gold standard indicated

that the FFQ provided a reasonably valid and reliable mea-

sure of intake for most food and nutrient intakes. Although

we did not assess the correlation coefficients for DED per se,

the correlations for fruits, vegetables and fats (the most

influential factors on DED) were reasonable. For instance,

comparing two FFQ completed 1 year apart, we reached the

correlation coefficients of 0?71 for reproducibility of fruits,

0?74 for vegetables, 0?59 for partially hydrogenated and

0?69 for non-hydrogenated vegetable oils. The validity of

the FFQ for assessing consumption of fruits, vegetables, par-

tially hydrogenated and non-hydrogenated vegetable oils

was also good, such that between the FFQ and detailed

dietary recalls, corresponding correlation coefficients were

0?61, 0?57, 0?55 and 0?44, respectively.

Calculation of dietary energy density

To calculate DED, we divided each individual’s reported

daily energy intake from foods only (kJ/d, kcal/d) into

total weight of foods consumed (g/d). Total weight of

foods consumed by participants was calculated by sum-

ming up the weight of foods only (154 out of 168 food

items in the FFQ). We did not consider energy and weight

of drinks consumed because a recent systematic review
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has shown that calculating DED by including drinks

results in a variable that biases associations between DED

and weight gain towards the null(29). Earlier studies have

shown that calculating DED based on foods only would

provide a variable with the best associations with obesity

and weight gain(30).

Assessment of other variables

Anthropometric variables including weight, height and

waist circumference were measured(9) and BMI was cal-

culated as weight in kilograms divided by the square of

height in metres. Plasma glucose concentrations and

serum lipid levels were measured on a fasting blood

sample by the use of a Selectra 2 auto-analyser (Vital

Scientific, Spankeren, Netherlands)(28). Fasting plasma

glucose (FPG) was measured on the day of blood collec-

tion by the enzymatic colorimetric method using glucose

oxidase (Pars Azmoon Inc., Tehran, Iran). Serum TAG

concentrations were assayed using TAG kits (Pars Azmoon

Inc.) by enzymatic colorimetric tests with glycerol phos-

phate oxidase. Serum HDL-C was measured after pre-

cipitation of the apo-B-containing lipoproteins with

phosphotungstic acid. Serum LDL cholesterol (LDL-C) was

calculated from serum total cholesterol (TC), TAG and

HDL-C, except when TAG concentration was greater than

4?4mmol/l (400mg/dl)(31). The inter- and intra-assay CV of

this method were ,10%. Blood pressure was measured

three times after the participants sat for 15min, as reported

earlier(26). We used the International Physical Activity

Questionnaire for obtaining data on physical activity(32).

Using standard guidelines(33), these data were expressed as

metabolic equivalent hours per week (MET-h/week).

Additional information regarding age, smoking habits,

socio-economic status (defined based on educational level,

income, family size, being owner of the house or renting

the house, house area), medical history and current use of

medications was obtained using questionnaires.

Definition of terms

Hypertriacylglycerolaemia was defined as serum TAG

$2?2 mmol/l (200 mg/dl), hypercholesterolaemia as

serum TC $6?24 mmol/l (240 mg/dl), high serum LDL-C

as $4?1 mmol/l (160 mg/dl) and low serum HDL-C as

,1?29 mmol/l (50 mg/dl)(35). Dyslipidaemia was defined

based on the third report of the National Cholesterol

Education Program Adult Treatment Panel III(34) as hav-

ing hypertriacylglycerolaemia or hypercholesterolaemia

or high LDL-C or low HDL-C. Hypertension was defined

as systolic blood pressure $140 mmHg or diastolic blood

pressure $90 mmHg based on the sixth report of the Joint

National Committee on Prevention, Detection, Evaluation

and Treatment of High Blood Pressure(35). Diabetes

mellitus was defined as FPG $6?93 mmol/l(36). The pre-

sence of ‘at least one risk factor’ and ‘at least two risk

factors’ of the three major risk factors for CVD (hyper-

tension, dyslipidaemia and diabetes) was also evaluated.

Statistical methods

Quartile cut-off points of DED were used for categorizing

participants. General characteristics and dietary intakes

of participants were compared across quartiles of DED

by the use of ANOVA, x2 and analysis of covariance

(ANCOVA) where appropriate. All dietary intakes were

obtained by the use of General Linear Models with

age and total energy intake as covariates. Multivariate-

adjusted means for metabolic risk factors were compared

across quartiles of DED by the use of ANCOVA. Selection

of variables to be included in the models was done

using the change-in-estimate method. This method has

been shown to produce more reliable models than the

methods based on statistical significance(37). Therefore, a

potential confounder is included in the model if it chan-

ged the coefficient by 10 %. This approach is consistent

with the definition of confounding, where confounding is

said to be present if the unadjusted effect differs from the

effect adjusted for putative confounders(37). Adjustments

were made for age, cigarette smoking, physical activity,

socio-economic status, current oestrogen use, menopausal

status, family history of diabetes and stroke, and BMI. To

explore the associations between DED and cardiometabolic

risk factors, we obtained prevalence ratios in different

models. First, we adjusted for age (years), cigarette

smoking (yes or no), physical activity (MET-h/week),

socio-economic status (categorical), current oestrogen

use (yes or no), menopausal status (yes or no) and family

history of diabetes and stroke (yes or no). Then adjust-

ments were made for BMI. All models were done by

treating DED as quartile categories with the first quartile

as a reference. The overall trend across quartiles of DED

was examined through the use of the Mantel–Haenszel

extension x2 test. The SPSS statistical software package

version 10?0 (SPSS Inc., Chicago, IL, USA) was used for

all statistical analyses. P # 0?05 was taken to indicate

statistical significance.

Results

Mean DED was 7?41 (SD 1?46) kJ/g (1?77 (SD 0?35) kcal/g).

General characteristics and dietary intakes of women

across quartiles of DED are shown in Table 1. Individuals

in the top quartile of DED were younger, less physically

active, less likely to be postmenopausal and had higher

BMI compared with those in the lowest quartile. Con-

sumption of energy-dense diets was associated with higher

intakes of energy, dietary fat, cholesterol, vegetable oils,

refined grains and high-fat dairy products, along with lower

intakes of dietary carbohydrates, fruits, vegetables, and meat

and fish.

Multivariate-adjusted means for metabolic risk factors

across quartiles of DED are provided in Table 2. After

control for potential confounders, participants in the

highest quartile of energy density had elevated levels of
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serum TAG, TC and LDL-C and lower levels of serum

HDL-C compared with those in the lowest quartile.

Higher DED was not associated with FPG levels, systolic

and diastolic blood pressure.

The prevalences of cardiometabolic risk factors across

quartiles of DED are shown in Fig. 1. Women in the top

quartile of DED were more likely to have dyslipidaemia,

at least one and at least two cardiometabolic risk factors.

No overall significant association was found between

DED and prevalence of diabetes and hypertension.

Multivariate-adjusted prevalence ratios for cardiometa-

bolic abnormalities across quartiles of DED are presented

in Table 3. After controlling for age and other potential

confounders, consumption of energy-dense diets was

significantly associated with greater chance of having

dyslipidaemia (prevalence ratio in top quartile v. bottom

quartile: 1?78; 95 % CI 1?33, 2?58), at least one (1?81; 1?44,

2?49) and at least two cardiometabolic risk factors (2?81;

1?51, 5?24). Additional control for BMI slightly attenuated

the associations but all were still significant. Even after

further adjustment for total energy intake the associations

remained significant. No overall significant associations

were found between consumption of energy-dense diets

and risk of having diabetes or hypertension either before

or after adjustment for confounders.

Discussion

We found that consumption of energy-dense diets was

associated with higher risk of having dyslipidaemia, at

least one and at least two cardiometabolic risk factors. No

overall significant associations were found between DED

and the prevalence of hypertension and diabetes. To the

best of our knowledge, the present study is among the

first to examine DED in relation to cardiometabolic

abnormalities in a Middle Eastern population.

Several controversial methods have been proposed for

calculating DED. Some investigators have suggested the

use of drinks in DED calculation, others disagree(38,39). In

a recent systematic review(29), it was suggested that drinks

must be excluded from the calculation of DED and

including ‘foods only’ would better reflect the meaning of

DED. This conclusion was based on findings from cross-

sectional or prospective studies indicating the effect of

DED on body weight(14,20,40). In the current study, only

Table 1 General characteristics and dietary intakes of 486 Tehrani females by quartile of dietary energy density (DED)*

Quartile of DED

1 (lowest) 2 3 4 (highest)

Mean SD Mean SD Mean SD Mean SD P for trend-

n 122 121 121 122 –
Range (kJ/g) ,6?28 6?28–,7?66 7?66–,8?58 $8?58 –
Range (kcal/g) ,1?50 1?50–,1?83 1?83–,2?05 $2?05 –
Age (year) 54 5 49 6 50 6 44 6 ,0?01
BMI (kg/m2) 25?9 3?5 26?9 3?8 28?2 3?3 28?9 3?7 ,0?01
Physical activity (MET-h/week) 16?3 10?9 16?1 11?2 14?3 9?9 11?4 10?1 ,0?01
Family history of diabetes (%) 9 9 8 6 0?07
Family history of stroke (%) 1 0 1 1 0?59
Current daily smoker (%) 2 1 1 1 0?71
Obese (%)-

-

24 28 36 47 ,0?01
Current oestrogen use (%) 27 24 22 24 0?11
Postmenopausal (%) 50 50 46 37 ,0?01
Dietary intakes: nutrients

Total energy (kJ/d) 9719 109 10 058 100 10 381 100 10 849 113 ,0?05
Total energy (kcal/d) 2323 26 2404 24 2481 24 2593 27 ,0?05
Carbohydrate (%E) 61 1 61 1 58 1 57 1 ,0?05
Protein (%E) 14 0?7 13 0?6 14 0?7 12 0?6 0?68
Fat (%E) 25 0?6 26 0?8 28 0?7 31 0?7 ,0?05
Cholesterol (mg/d) 154 10 149 9 191 11 206 8 ,0?01
Dietary fibre (g/d) 18 1 17 1 15 1 13 1 0?09

Dietary intakes: food groups (g/d)
Partially hydrogenated vegetable oils 16 1 18 1 24 1 32 1 ,0?01
Non-hydrogenated vegetable oils 21 1 18 1 20 1 29 1 ,0?05
Fruits 257 9 249 10 221 8 179 9 ,0?01
Vegetables 245 8 217 7 196 5 169 7 ,0?01
Meat and fish 98 3 94 4 89 3 81 3 ,0?05
Whole grains 121 4 119 4 115 3 112 4 0?33
Refined grains 179 7 201 8 213 7 220 8 ,0?05
Low-fat dairy 96 3 95 4 97 4 90 4 0?51
High-fat dairy 82 3 87 3 96 3 117 5 ,0?05

%E, percentage of total energy intake.
*Data are means and standard deviations unless indicated otherwise.
-By using linear regression.
-

-

Obesity: BMI $ 30 kg/m2.
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foods, not drinks, were considered for calculating DED.

Such method of calculation would not bias the associations

towards the null(29). However, when we considered bev-

erages in the calculation of DED, the associations were

slightly attenuated but their significance did not alter. Mean

DED obtained in the present study is slightly higher than

that in other investigations using the same method.

We found that high DED is associated with unhealthy

food choices. This finding is in agreement with other

studies where DED has been related to poor diet qual-

ity(17,41). Energy-dense diets are often high in refined

grains, processed foods, added sugars and added fats,

and low in fruits, vegetables and whole grains. The main

characteristic of energy-dense diets, as shown by Bes-

Rastrollo et al.(16), is that they contain higher amounts of

saturated and trans fats and a higher glycaemic load. It

must be kept in mind that high-fat diets do not necessarily

contain higher energy density. A prominent example in

this case is the traditional Mediterranean dietary pattern.

Despite the higher content of fat, this dietary pattern is

also popular for its higher content of fruits and vege-

tables. In Japan, low-energy-dense diets have been

reported to be high in boiled rice and noodles(21). In the

1994–1996 Continuing Survey of Food Intakes by Indivi-

duals, Ledikwe et al.(42) have shown that consumption of

a low-energy-dense diet is associated with higher intakes

of micronutrient-rich foods high in water and low in fat,

lower intakes of total dietary fat and carbonated bev-

erages, and higher intakes of vitamins A, C and B6, folate,

Fe, Ca and K. It seems that low-energy-dense diets in

different parts of the world have their own characteristics:

in some Asian populations they contain foods high in

water, whereas in Western populations they contain a

lower content of fat. The diet in Middle Eastern countries

is totally different from that in the USA, Europe and also

other parts of Asia. However, it seems that the char-

acteristics of energy-dense diets in Iran are similar to

those in Western populations. Characteristics of energy-

dense diets are particularly important when reducing

DED is chosen as a strategy for weight management.

What is the best way to reach reduced DED is still under

investigation. Some have suggested reduced intakes of

Table 2 Multivariate-adjusted means of cardiovascular risk factors across quartiles of dietary energy density (DED) among 486 Tehrani females*

Quartile of DED

1 (lowest) 2 3 4 (highest)

Mean SE Mean SE Mean SE Mean SE P for trend-

n 122 121 121 122 –
Range (kJ/g) ,6?28 6?28–,7?66 7?66–,8?58 $8?58 –
Range (kcal/g) ,1?50 1?50–,1?83 1?83–,2?05 $2?05 –
FPG (mg/dl) 95 2 97 2 96 2 98 2 0?23
Serum TAG (mg/dl) 149 8 167 7 180 7 196 9 ,0?01
Serum TC (mg/dl) 186 3 194 3 207 2 229 2 ,0?05
Serum HDL-C (mg/dl) 55 1 48 1 39 1 34 1 ,0?01
Serum LDL-C (mg/dl) 131 2 127 3 142 2 149 2 ,0?05
SBP (mmHg) 124 1 126 2 123 1 127 1 0?29
DBP (mmHg) 83 1 85 1 85 1 84 1 0?51

FPG, fasting plasma glucose; TC, total cholesterol; HDL-C, HDL cholesterol; LDL-C, LDL cholesterol; SBP, systolic blood pressure; DBP diastolic blood
pressure.
*Data are means with their standard errors adjusted for age, cigarette smoking, physical activity, socio-economic status, current oestrogen use, menopausal
status, family history of diabetes and stroke, and BMI.
-By using linear regression.
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Fig. 1 Prevalence of cardiovascular risk factors ( ,
diabetes; , dyslipidaemia; , hypertension; ,
at least one risk factor (ALORF); , at least two risk
factors (ALTRF)) across quartiles of dietary energy density
(DED) among 486 Tehrani females. Diabetes was defined as
fasting plasma glucose $126 mg/dl. Dyslipidaemia was
defined as having hypertriacylglycerolaemia (serum TAG
$200 mg/dl) or hypercholesterolaemia (serum total cholesterol
$240 mg/dl) or high LDL cholesterol ($160 mg/dl) or low HDL
cholesterol (,50 mg/dl). Hypertension was defined as systolic
blood pressure $140 mmHg or diastolic blood pressure
$90 mmHg based on sixth report of the Joint National
Committee on Prevention, Detection, Evaluation and Treat-
ment of High Blood Pressure. ALORF and ALTRF were
defined as having at least one and two cardiometabolic risk
factors, respectively, from among the three major risk factors
of hypertension, dyslipidaemia and diabetes. Women in the top
quartile of DED were more likely to have dyslipidaemia, at least
one and at least two cardiometabolic risk factors
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foods rich in saturated fats and refined carbohydrates and

a simultaneous increase in fruit and vegetable intakes(16).

Others believe that reducing the consumption of soft

drinks is the case(41).

We found a significant positive association between

DED and the prevalence of dyslipidaemia. However no

significant association was found with DED, hypertension

and diabetes. Although previous studies have found a

positive association between DED and the metabolic syn-

drome(20), no one has reported such an association with

dyslipidaemia. In a cross-sectional study among young

Japanese women aged 18–22 years, Murakami et al.(21)

failed to find a significant relationship between DED and

metabolic variables such as plasma glucose levels, blood

lipid profiles and blood pressure. The difference between

our findings and those of Murakami et al.(21) might be

explained by the characteristics of the study population.

In the Japanese study lean young women were studied,

while ours was an overweight population. In contrast to our

findings about diabetes, Wang et al.(19) found a positive

significant association between DED and incident diabetes.

The lack of an association between DED and diabetes in our

study needs further investigations. Possible reasons for this

finding might be the lower prevalence of diabetes compared

with the other cardiovascular risks, inadequate sample size

and the cross-sectional design of the study. It must also be

kept in mind that in our study type 2 diabetes was deter-

mined only by the use of FPG, which clearly underestimates

the prevalence. To further explore the association of DED

and diabetes, one would need to use the 2h post-challenge

plasma glucose measure as well. Another explanation might

be the quantity and quality of dietary fibre, which plays

different roles in glucose metabolism(43). It has previously

been shown that considering the quantity of total dietary

fibre intake without taking into account its food sources

might fail to explain its association with the development of

impaired glucose disturbance(43). It was shown previously

that consumption of energy-dense diets is associated with

overweight and obesity(17,30) – these conditions play an

important role in developing diabetes and hypertension.

Our findings must be interpreted in the light of some

study strengths and limitations. The strengths include the

coverage of a broad range of dietary intakes from differ-

ent socio-economic categories in Tehran, adjustment for

important confounders between DED and cardiometa-

bolic abnormalities, and finally the use of a validated

FFQ. Limitations of the current study are the cross-

sectional design of the study, probable misclassification

Table 3 Multivariate-adjusted prevalence ratios and 95% confidence intervals for cardiovascular risk factors across quartiles of dietary
energy density (DED) among 486 Tehrani females*-

Quartile of DED

2 3 4 (highest)

1 (lowest) PR 95% CI PR 95 % CI PR 95 % CI P for trend-

-

n 122 121 121 122 –
Range (kJ/g) ,6?28 6?28–,7?66 7?66–,8?58 $8?58 –
Range (kcal/g) ,1?50 1?50–,1?83 1?83–,2?05 $2?05 –
Diabetes

Crude 1?00 0?83 0?29, 6?64 0?83 0?29, 6?64 1?00 0?36, 2?76 0?39
Model I 1?00 0?88 0?27, 6?61 0?85 0?29, 6?58 1?02 0?38, 2?71 0?31
Model II 1?00 0?90 0?28, 6?55 0?88 0?30, 6?61 1?06 0?42, 2?73 0?29

Dyslipidaemia
Crude 1?00 1?29 1?21, 1?37 1?58 1?15, 2?18 1?97 1?46, 2?66 ,0?01
Model I 1?00 1?13 1?06, 1?30 1?40 1?13, 2?11 1?78 1?33, 2?58 ,0?01
Model II 1?00 1?04 0?92, 1?19 1?28 1?06, 2?01 1?64 1?21, 2?56 ,0?01

Hypertension
Crude 1?00 1?04 0?67, 1?60 1?08 0?70, 1?65 1?16 0?76, 1?76 0?23
Model I 1?00 1?02 0?65, 1?57 1?07 0?73, 1?61 1?13 0?73, 1?71 0?21
Model II 1?00 0?96 0?61, 1?51 1?04 0?69, 1?59 1?10 0?79, 1?75 0?15

ALORF
Crude 1?00 1?37 1?01, 1?86 1?74 1?32, 2?30 1?94 1?48, 2?54 ,0?01
Model I 1?00 1?19 0?95, 1?79 1?56 1?25, 2?19 1?81 1?44, 2?49 ,0?01
Model II 1?00 1?11 0?89, 1?83 1?40 1?17, 2?08 1?68 1?36, 2?38 ,0?01

ALTRF
Crude 1?00 1?70 0?87, 3?30 2?20 1?69, 4?13 2?90 1?58, 5?31 ,0?001
Model I 1?00 1?54 0?81, 3?19 1?98 1?63, 3?93 2?81 1?51, 5?24 ,0?001
Model II 1?00 1?43 0?78, 3?11 1?87 1?65, 3?84 2?69 1?40, 5?13 ,0?001

PR, prevalence ratio; ALORF, at least one risk factor; ALTRF, at least two risk factors.
*Diabetes was defined as fasting plasma glucose $126 mg/dl. Dyslipidaemia was defined as having hypertriacylglycerolaemia (serum TAG $200 mg/dl) or
hypercholesterolaemia (serum total cholesterol $240 mg/dl) or high LDL cholesterol ($160 mg/dl) or low HDL cholesterol (,50 mg/dl). Hypertension was
defined as systolic blood pressure $140 mmHg or diastolic blood pressure $90 mmHg based on sixth report of the Joint National Committee on Prevention,
Detection, Evaluation and Treatment of High Blood Pressure. ALORF and ALTRF were defined as having at least one and two cardiometabolic risk factors,
respectively, from among three major risk factors of hypertension, dyslipidaemia and diabetes.
-Model I: adjusted for age, cigarette smoking, physical activity, socio-economic status, current oestrogen use, menopausal status and family history of diabetes
and stroke. Model II: additionally adjusted for BMI.
-

-

By the use of Mantel–Haenszel extension x2 test.
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of participants due to the use of semi-quantitative FFQ for

dietary data collection and confining the participants to

women. It must be kept in mind that our sample is

representative of Tehran female teachers only, due to the

sampling procedure we used. It cannot be regarded as a

representative sample of the whole Iranian women or

even Tehrani women.

It is concluded that consumption of energy-dense diets

is significantly associated with a high prevalence of dysli-

pidaemia, at least one and at least two cardiometabolic risk

factors among Iranian women. Further investigations on

larger samples with prospective designs are warranted.
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