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Abstract: Background: The association between dietary patterns and cardiorespiratory fitness (CRF) is not well established. Objective:
We sought to investigate association between a posteriori dietary pattern and CRF in middle-aged adults. Design: Adults (n = 276), aged 20–74
years, who were residents of Tehran, Iran were recruited. Diet was assessed by using a validated 168-item semi-quantitative food frequency
questionnaire. Principal component analysis was used to derive dietary patterns. Socio-economic status, anthropometric measures, body
composition, and blood pressure were recorded. CRF was assessed by using a graded exercise treadmill test. Analysis of variance and linear
regression models were used to discern the association between dietary patterns and CRF. Results: Higher scores of the healthy dietary
pattern had no association with V_O2max (p = 0.13). After controlling for potential confounders, V_O2max was positively associated across tertiles
of healthy dietary patterns (p < 0.001). Higher adherence to the “mixed” dietary pattern was inversely related to V_O2max (p < 0.01). After
adjusting for confounders, the significant association disappeared (p = 0.14). Higher scores of the “Western” dietary pattern was not
associated with V_O2max (p = 0.06). However, after controlling for potential confounders, V_O2max was positively associated with the “Western”
dietary pattern (p = 0.01). A positive linear association between the “healthy” dietary pattern and CRF for the total sample (R2 = 0.02; p < 0.01)
were presented. Conclusions: Overall, our findings suggest that higher adherence to a “healthy” and “Western” dietary pattern was positively
associated with CRF. However, further studies are required to examine and clarify the causal relationship between dietary patterns and CRF.
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Introduction

Cardiorespiratory fitness (CRF)may be defined as the abil-
ity to provide the oxygen needed for muscles and other
organs during continuous physical activity. Indeed, this
ability relates to the functionality of the respiratory, cardio-
vascular, and muscular systems [1, 2]; although the cardio-
vascular system is regarded as the most integral part of the
aforementioned systems for CRF [3].

CRF is associated with important consequences for
adolescents and adults [4]; where low levels of CRF are
associated with increased body fat mass and obesity [5–7],
increased risk of cardiovascular disease (CVD) and its risk
factors, including hypertension, hypercholesterolemia,
hypertriglyceridemia [5, 6, 8], and the risk of diabetes

[5, 9, 10]. Prospective studies have also shown that low
CRF consistently increases the mortality rate. The main
putative reason formortality rate increases is the increased
risk of cardiovascular diseases (CVD) [9, 11, 12].
Conversely, an increased level of CRF can help to reduce
the risk of CVD [13].

The most important indicator for measuring CRF is the
maximum rate of oxygen consumption (V_O2max), which is
thehighest volumeofoxygen that apersoncanuse inamax-
imal intensity exercise performance [14]. Aging is related to
a decline in the capacity for power and strength develop-
ment, a decrease in cardiorespiratory rate, and, ultimately,
a reduction in functional capacity [3, 15, 16]. Nutrition
represents another prominent factor which may have an
effect on CRF. A diet with high consumption of fruits and
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vegetables elicits many benefits in certain cancers and the
prevention of obesity and CVD [17]. However, few studies
have been performed on the association between CRF
and nutrient groups, or a single nutrient, in adults [18–23]
and children [24–26]. Notwithstanding, it has been
observed that CRF is positively associated with higher con-
sumption of fruits, vegetables, bread, and dairy products
[23–27], while a negative relationship has been reported
with the consumption of sweetened beverages in adults
and children [20–24]. It has previously been shown that
CRF can be improved following intake of folate, vitamin
C, vitamin A, calcium, and fiber [20]. However, despite
these positive findings, other studies did not show any asso-
ciation between CRF and diet [25, 26]. In contrast to
research on single nutrients and food groups, the study of
dietary patterns facilitates the investigation of the cumula-
tive effects of food on health or disease, while the effect of a
single food or a nutrient may be negligible [28]. Usually,
food intake may also be associated with the interference
of unknown components of foods with known or unknown
nutrients [29]; thus, for dietary analysis, consideration of
the whole diet should be recommended but is not currently
widely demonstrated in the literature [30]. Therefore, the
aimof this studywas to investigate the relationshipbetween
the major dietary patterns and CRF in adults.

Subjects and methods

Study design

This cross-sectional study was conducted on 270 adults
(118 males and 152 females), aged between 18–75 years
old, who lived in Tehran, Iran between February 2018 to
December 2019. Participants were recruited using
advertisement, distribution of flyers in common rooms,
and information sessions held at residential facilities. The
participants were selected based on the following inclusion
criteria: age range of 18–75 years, no alcohol or drug abuse,
whilst participants were excluded if they were; following
special diets, such as weight loss and weight gain diets,
adults with chronic diseases affecting the CRF such as
CVD or coronary heart disease (CHD), individuals with
kidney, liver and pulmonary diseases, and other diseases
that affect the health of the cardiac and the respiratory
system, pregnant and lactating women, people with any
infectious or inflammatory disease, people who have
restricted exercise conditions (including atopy, asthma,
myocardial infarction, etc.), patients who were unable to
walk, affected by arthritis, and other complications of limb
and disability, or receiving any special medication or sup-
plements (slimming medicine, hormone, sedative, etc.).

All necessary explanations about the projectwere provided,
and all participants signed awritten informed consent prior
to the start of the study. All procedures were conducted in
accordance with the ethical standards of the Tehran
University of Medical Sciences (Ethic Number: IR.TUMS.
VCR.REC.1396.4085), who approved the protocol and
informed consent form.

Exposures and outcomes

Dietary assessment

Thedietary intake of participantswas assessedusing a valid
and reliable semi-quantitative food frequency question-
naire (FFQ), which contained 168 food items which
validated for an Iranian population [31]. The FFQ was
administered by trained dietitians via face-to-face inter-
views, asking participants to report their frequency of
consumption of each food item, during the past year, on a
daily, weekly, or monthly basis. These reports were
converted to daily intakes. Based on household measures,
portion sizes of food consumed were calculated in grams
per day to evaluate dietary nutrient intakes, and dietary
intakes were analyzed using Nutritionist IV software
modified for Iranian foods [32].

Dietary patterns

Principal component analysis with orthogonal transforma-
tion was used to identify major dietary patterns and factor
loadings for each of the 25 food groups. Eigenvalues, the
scree plot test, and interpretability were evaluated to retain
factors (> 1.5) for further analysis (Figure 1). An absolute
factor loading � 0.3 was used to define a subset of at least
6 food groups in each factor. The identified factors were
labeled on the basis of our interpretation of the data and
based on previous studies that found similar dietary pat-
terns in adults [33–35]. Factor scores for each pattern were
obtained by summing intakes of food groups weighted by
their factor loadings [36]. Eachparticipant received a factor
score for each identified pattern. Participants were then
categorized based on tertiles of dietary pattern scores.

Anthropometric measures

Patient’sheightwasmeasured,unshod,usingastadiometer
(SECA,Hamburg,Germany).Bodyweight, bodymass index
(BMI), waist to hip ratio, waist circumference, and body
composition were measured via body composition
analyzer, following standard procedures (InBody 720,
Biospace, Tokyo, Japan).
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Blood pressure

Blood pressure was measured after an initial resting for
15 minutes while the patients were in seated position and
arms. BPwasmeasured twicewith at least 30-second inter-
val by a digital instrument (Beurer BP equipment, BC 08,
digital, Germany). The average of 2 measurements was
used in our analyses.

Cardiorespiratory fitness testing

After anthropometric measurement, the maximum rate of
oxygen consumption (V_O2max)wasmeasuredusing a tread-
mill and respiratory gas analyzer (Cortex Metabolizer 3B).
Subjects were required to warm up for 5 minutes on the
treadmill at a speed of 5 km/h, and then the Bruce test
was conducted to determine V_O2max. After completing the
Bruce test, the subjects walked at a speed of 4 km/h for
3 minutes and performed 5-to-10 minutes of stretching.
The conditions for the end of the test were: the patient’s
heart rate reached more than 90% of their age-predicted
(220 – age) maximum heart rate; a ratio of respiratory
exchange ratio of up to 1.1, and oxygen intake reaching
plateau, despite concomitant increases in exercise intensity
[37]. Participants were additionally categorized into low
and high CRF using the median of V_O2max.

Covariates

Participants completed a questionnaire designed to assess
the participants’ demographic including age, sex, educa-
tion,marital status, lifestyle, smoking, andphysical activity.
Educational status was classified as illiterate, under
diploma, diploma, andeducated.Marital statuswas catego-
rized into married or single. Lifestyle was quantified as
living alone and co-habiting. Smoking was classified as
non-smoker, former smoker, or current smoker. In
addition, physical activity level was categorized into low,
moderate, and high.

Statistical analysis

The normality of data was tested by Kolmogorov-Smirnov
test.One-wayanalysis of variance (ANOVA)andchi-square
tests were conducted to compare general characteristics
across the tertiles. Analysis of covariance (ANCOVA) was
used to adjust for age and energy intake. Multivariate
adjusted means for anthropometric measures, body com-
position, and CRF were computed using general linear
models, controlling for confounders. All statistical analyses
were performed using the Statistical Package for the
Social Sciences 25 (SPSS Inc., Chicago, IL). We considered
p < 0.05 to represent statistical significance, a priori.
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Figure 1. Association of major dietary patterns and VO2max.
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Results

The general characteristics of study participants are
detailed in Table 1. Overall, there were 270 participants,
where 56% were female and 44% male, with a mean age
of 36.77 years. Males had higher body mass index, systolic
blood pressure, diastolic blood pressure, and pulse pres-
sure, compared to females. However, females were
younger and less likely to be obese.

The food grouping used in the factor analysis and factor
loading matrix for the identified dietary patterns are
demonstrated inTable2. Threemajordietary patternswere
identified by factor analysis and explained 30.271% of the
total variance in dietary intakes. The first factor showed
the highest factor loading for legumes, poultry, vegetables,
fish, fruits, and egg, so this was labeled as the “healthy”
pattern. The second factor demonstrated the highest factor
loading for high-fat dairy products, pickles, mayonnaise,
none refined cereals, vegetables, and vegetable oils, and
was named the “mixed” pattern. The third factor showed
the highest factor loading for refined cereals, red or pro-
cessed meat, soft drinks, sweets and desserts, salty snacks,
and French fries, andwas labeled as the “Western” pattern.

Table 3details the characteristics of study participants by
tertiles of dietary pattern scores. Therewere significant dif-
ferences in the mean age and distribution of sex across the
tertiles of the dietary patterns, including “healthy”,
“mixed” and “Western” dietary patterns (P < 0.001 for
all) scores Moreover, higher scores of these three dietary
patterns contributed to the higher dietary energy intake
(P < 0.001 for all).

Adherence to the “Western” dietary pattern showed that
those in thehighest tertile hadhigher intakeof fat (P =0.01)
compared to the lowest tertile. In contrast, the consumption
of protein (P =0.009) and fiber (P <0.001) decreased with
an increasing “Western” dietary pattern. In tertiles of the
‘mixed’ dietary pattern, the intake of protein was lower in
the subjects who were in the highest tertile in comparison
to those who were in the lowest tertile (P = 0.01). In addi-
tion, the consumption of protein and fiber was greater
in those with higher “healthy” dietary pattern scores
(P < 0.001).

Multivariateadjustedmeans forV_O2max, heart rate, pulse
pressure, SBP, and DBP across tertiles of major dietary
patterns scoresare shown inTable4.Higher“healthy”diet-
ary pattern scores had no significant association with
V_O2max (p = 0.13), heart rate (p = 0.62), pulse pressure
(p = 0.43), and DBP (p = 0.22). However, noticeable
increases in SBP were observed across the tertiles of the
“healthy”dietary pattern. After controlling for the potential
confounders (age, sex, smoking, education, physical
activity, BMI, and energy intake), changes in V_O2max across
tertiles of the “healthy” dietary pattern were significant

(p < 0.001). There was no significant relationship between
higher scores of the “mixed” dietary pattern and heart rate
(p = 0.55), pulse pressure (p = 0.61), and SBP (p = 0.22).
Higher adherence to the “mixed” dietary pattern was also
related to V_O2max (p < 0.01) and DBP (p = 0.04); although,
after adjusting for confounders, there was no significant
relationship.Higher scoresof the“Western”dietarypattern
was not associated with V_O2max (p = 0.06), heart rate (p =
0.29), pulse pressure (p = 0.43), SBP (p = 0.24), and DBP
(p = 0.59). However, after controlling for potential covari-
ates the association of western dietary pattern with V_O2max

became significant (Table 4).
The linear associations between CRF and major dietary

patterns are presented in Electronic Supplementary 1
(Figure E1). The association between the “healthy” and
“western” dietary pattern with CRF for the total sample
showed a positive linear association respectively (R2 =
0.02; p < 0.01) (R2 = 0.02, p = 0.01). Also, we found a neg-
ative linear association between “mixed” dietary pattern
and CRF for the total sample. When we limited analyzes

Table 1. Characteristics of participants in the study

Characteristics All Men Women

Age (year) 36.7 ± 13.1 38.0 ± 13.1 35.7 ± 13.2

Height (cm) 168 ± 9.96 176 ± 7.36 161 ± 6.34

Weight (kg) 72.7 ± 16.0 82.1 ± 14.5 65.5 ± 13.1

BMI (kg/m2) 25.6 ± 4.6 26.3 ± 4.09 25.0 ± 5.01

FM (kg) 22.4 ± 9.38 20.6 ± 9.23 23.8 ± 9.31

FFM (kg) 50.1 ± 12.6 61.5 ± 9.13 41.3 ± 6.38

SBP (mmHg) 111 ± 19.1 116 ± 15.5 107 ± 20.6

DBP (mmHg) 70.6 ± 10.6 73.0 ± 9.46 68.7 ± 11.2

Pulse pressure (mmHg) 79.6 ± 10.9 77.5 ± 11.3 81.4 ± 10.3

Heart rate (BPM) 171 ± 20.0 171 ± 19.9 171 ± 20.2

Sex, n (%) 270 118 (44%) 152 (56%)

Physical activity* (n)

Low 103 37 66

Moderate 111 45 56

High 55 36 19

Smoking (n)

Not smoking 233 87 146

Lifestyle (n)

Alone 24 17 7

With someone 245 101 144

Marriage (n)

Married 143 64 79

Education (n)

Educated 198 85 113

Notes. Values are based on mean ± standard deviation or reported
percentage. BMI: Body mass index; FM: Fat mass; FFM: Fat free mass;
SBP: Systolic blood pressure; DBP: Diastolic blood pressure; CM:
Centimeter; Kg: Kilogram; Kg/m2: Kilogram per meter2; mmHg: Millimeter
of mercury; BPM: Beats per minute; n: Numbers. *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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to those who had high CRF a linear association demon-
strated only for “healthy” dietary pattern (R2 = 0.04; p =
0.01).

Discussion

The purpose of this cross-sectional study was to character-
izedietarypatternsand to investigate their relationshipwith
CRF in middle-aged men and women. We identified three
major dietary patterns, including “healthy”, “mixed”, and
“western”dietarypatterns.The first patternhad thehighest
factor loading for low-fat dairy, vegetables, fish, and fruits,

and was labeled as the “healthy” pattern. The second pat-
tern demonstrated the highest factor loading for high fat
dairy products, mayonnaise, and non-refined cereals, and
was named as the “mixed” pattern. The third pattern
showed the highest factor loading for refined cereals, red
or processed meat, soft drinks, sweets, and desserts, and
was thus categorized as the “Western” pattern. We found
that higher adherence to “healthy” and “Western” dietary
patterns was positively associated with CRF. Furthermore,
we observed that adherence to the “mixed” dietary pattern
had no significant relationship with CRF.

CRF is a modifiable factor that is related to CVD risk,
metabolic syndrome, and body composition [17, 38, 39].

Table 2. Factor loadings matrix for three dietary patterns identified from the food frequency questionnaire

Dietary patterns

Food groups Food items Healthy pattern Mixed pattern Western pattern

Refined cereals Lavash bread, baguette bread, rice, pasta, others 0.456

Non refined cereals Dark breads (e.g., barbari, sangak, taftun), bran breads,
others

0.468

Legumes Lentils, split pea, beans, chick pea, fava bean, soy, others 0.623

Red or processed meat Beef and veal, lamb, minced meat, sausage, deli meat,
hamburger

0.401

Vegetables Cauliflower, carrot, tomato and its products, spinach,
lettuce, cucumber, eggplant, onion, greens, green bean,
green pea, squash, mushroom, pepper, corn, garlic, turnip,
others

0.538 0.467

Vegetable oils Vegetable oils (except for olive oils) 0.428

Poultry Chicken 0.727

Organ meats Heart, kidney, liver, tongue, brain, offal, rennet

Soft drinks Soft drinks 0.699

Sweets and desserts Cookies, cakes, biscuits, muffins, pies, chocolates, honey,
jam, sugar cubes, sugar, candies, sweet tahini, others

0.469

Salt Salt

Mayonnaise Mayonnaise 0.767

Tea and coffee Tea and coffee 0.313

Salty snacks Corn puffs, crackers, potato chips, others 0.547

High fat dairy product High-fat milk, high-fat yogurt, cream cheese, cream, dairy
fat, ice cream, others

0.543

French fries French fries 0.621

Potatoes Potatoes

Fruits and fruits juices Melon, watermelon, honeydew melon, plums, prunes,
apples, cherries, sour cherries, peaches, nectarine, pear, fig,
date, grapes, kiwi, pomegranate, strawberry, banana,
persimmon, berry, pineapple, oranges, dried fruits, all
juices, others

0.582

Nuts Almonds, peanut, walnut, pistachio, hazelnut, seeds, others 0.485

Fish All fish types 0.581

Pickles Pickles, sauerkraut 0.718

Egg Eggs 0.648

Low fat dairy product Low-fat milk, skim milk, low-fat yogurt, cheese, Kashk,
yogurt drink, others

0.451

Hydrogenated fats Hydrogenated vegetable oils, solid fats (animal origin),
animal butter, margarine

Olive and olive oil Olives, olive oils 0.453

Notes. Food groups with absolute values < 0.30 are not shown for simplicity.
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The results of the past studies regarding the influence of
diet on CRF are inconsistent [40, 41]. Many previous stud-
ies have been conducted to find an association between

individual nutrients or food groups with CRF, however,
have yielded equivocal findings [20, 21, 42]. The “healthy”
dietary pattern is rich in fruits and vegetables andmay elicit

Table 3. Characteristics of study participants by tertiles (T) of dietary pattern scores

Major dietary patterns

Western dietary pattern

T1 T2 T3 P*

Age (year) 41.7 ± 14.4 34.0 ± 11.6 34.0 ± 11.7 <0.001

BW (kg) 71.43 ± 14.00 71.73 ± 17.85 75.12 ± 16.16 0.23

BMI (kg/m2) 26.08 ± 4.35 25.28 ± 5.35 25.47 ± 4.29 0.49

WC (cm) 88.96 ± 10.96 88.71 ± 14.26 91.17 ± 12.38 0.35

WHR 0.89 ± 0.06 0.89 ± 0.07 0.91 ± 0.06 0.11

FFM (kg) 48.50 ± 12.34 49. 36 ± 12.23 52.65 ± 13.18 0.07

FM (kg) 22.93 ± 8.97 22.44 ± 10.56 21.98 ± 8.70 0.80

Sex (M/F) 28/61 35/55 54/35 0.34

Diet composition

Energy (kcal) 2093 ± 789 2122 ± 716 2960 ± 1092 <0.001

Carbohydrate (% of kcal) 58.4 ± 8.04 56.6 ± 7.52 56.1 ± 8.44 0.130

Fat (% of kcal) 28.0 ± 6.67 30.4 ± 7.56 31.2 ± 7.98 0.015

Protein (% of kcal) 16.1 ± 3.92 15.0 ± 2.97 14.6 ± 3.47 0.009

Fiber (g/1000 kcal) 7.90 ± 2.34 6.40 ± 1.55 6.23 ± 1.57 <0.001

Mixed dietary pattern

Age (year) 32.7 ± 11.6 36.6 ± 12.5 40.3 ± 14.0 <0.001

BW (kg) 72.61 ± 16.54 71.68 ± 16.08 73.99 ± 15.80 0.63

BMI (kg/m2) 25.04 ± 4.12 25.53 ± 4.98 26.26 ± 4.87 0.21

WC (cm) 88.08 ± 12.17 88.94 ± 12.59 91.81 ± 12.91 0.11

WHR 0.89 ± 0.06 0.90 ± 0.06 0.91 ± 0.06 0.02

FFM (kg) 51.32 ± 15.03 49.31 ± 11.47 49.87 ± 11.21 0.55

FM (kg) 20.80 ± 8.17 22.44 ± 10.22 24.11 ± 9.56 0.06

Sex (M/F) 42/47 33/57 42/47 0.56

Energy (kcal) 2066 ± 944 2096 ± 461 3014 ± 1063 <0.001

Carbohydrate (% of kcal) 56.5 ± 8.52 57.2 ± 7.83 57.3 ± 7.82 0.762

Fat (% of kcal) 29.4 ± 7.56 30.0 ± 7.57 30.1 ± 7.48 0.788

Protein (% of kcal) 16.1 ± 4.49 14.9 ± 3.22 14.7 ± 2.43 0.017

Fiber (g/1000 kcal) 6.64 ± 2.01 6.97 ± 1.95 6.91 ± 2.03 0.509

Healthy dietary pattern

Age(year) 33.4 ± 12.1 35.4 ± 12.7 40.9 ± 13.4 <0.001

BW (kg) 69.24 ± 15.84 72.54 ± 16.49 76.49 ± 15.34 0.01

BMI (kg/m2) 24.81 ± 4.38 25.42 ± 4.68 26.59 ± 4.85 0.03

WC (cm) 87.32 ± 12.20 89.45 ± 12.97 92.06 ± 12.34 0.04

WHR 0.89 ± 0.06 0.90 ± 0.06 0.91 ± 0.06 0.22

FFM (kg) 47.60 ± 12.47 50.17 ± 11.61 52.73 ± 13.48 0.02

FM (kg) 21.64 ± 8.12 22.34 ± 9.57 23.37 ± 10.46 0.47

Sex (M/F) 30/59 40/50 47/42 0.42

Energy (kcal) 2026 ± 995 2243 ± 638 2905 ± 999 <0.001

Carbohydrate (% of kcal) 57.9 ± 8.17 57.5 ± 7.39 55.6 ± 8.43 0.128

Fat (% of kcal) 30.3 ± 8.79 29.6 ± 7.14 29.7 ± 6.50 0.820

Protein (% of kcal) 13.6 ± 2.43 15.0 ± 2.59 17.1 ± 4.29 <0.001

Fiber (g/1000 kcal) 5.91 ± 1.44 6.63 ± 1.73 7.99 ± 2.17 <0.001

Notes. BMI: Body mass index; FM: Fat mass; FFM: Fat free mass; BW: Body weight; WC: Waist circumference; WHR: Waist to hip ratio; cm: Centimeter; Kg:
Kilogram; Kg/m2: Kilogram per meter2; mmHg: Millimeter of mercury; BPM: Beats per minute; kcal: Kilocalorie; gr: Gram; M: Male; F: Female. *One-way
analysis of variances. P value less than 0.05 was considered significant. Values are based on mean ± standard deviation.
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positive influencesonCRF[24,43].Consistentwith thepre-
sent study, Anna Howe et al. [44] found a noticeable
increase in CRF following a greater adherence to a healthy
dietary pattern in adolescents. Furthermore, in a study per-
formed by James M Shikany et al. [23], the fruit-vegetable
pattern was positively associated with treadmill run dura-
tion in white women only.

The “Western” dietary pattern was defined by abundant
consumption of soft drinks, salty snacks, and French fries.
Saeedi et al. [45] reported contrasting findings to the pre-
sent study, where the authors did not report any significant
association between a snack-based pattern and CRF.
Moreover, Brodney et al. [21] showed an inverse relation-
ship between consumption of sweetened drinks and CRF.
A recent systematic review andmeta-analysis reported that
a Western-style dietary pattern is associated with an
increased risk of metabolic syndrome [46].

To understand the discordant findings of our study were
those in the literature,we should consider that our studyhas
some key differences with the other past papers. The first
consideration regards the measurement of V_O2max. We
used the Bruce et al test [37] to evaluate the CRF; however,
most of other studies used the20mshuttle run test to assess
CRF [47]. Secondly, higher intake of dairy products in our
study could have influenced dietary patterning and CRF.

For instance, in an observational study, participants who
had higher intake of dairy products also had higher CRF
[24]. The difference between M. Cuenca-Garcia et al. and
the present study is that we divided the total dairy into
low and high fat products, however, M. Cuenca-Garcia
et al reported the association of total dairy products, which
would influence any potential relationship; indeed, some
previous studies have reported the beneficial effect of dairy
consumption on body composition [48] and risk of meta-
bolic syndrome [49]. Thirdly, the nature of factor analysis
is inherently subjective, and thus, it is not inconceivable that
opinions may differ depending on the researchers [30].

The mechanisms by which “healthy”, “mixed”, and
“Western” dietary patterns may affect CRF are unclear.
One purported mechanism is acid-base balance. In a clini-
cal study that investigated the effect of diet composition
on acid-base balance in adolescents, young adults, and
elderly at rest and during exercise, reported that oxygen
consumption could be increased by following anormal-pro-
tein diet with high amounts of vegetables and fruit [50]. In
another study, alkalosis inducedbybicarbonatecouldexpe-
dite the increases in oxygen consumption at the onset of
high-intensity exercise [51]. However, associated acidosis
diminished the capacity of hemoglobin tobindwith oxygen,
therein decreasing oxygen uptake [52].

Table 4. Multivariate adjusted means for CRF, Heart Rate, Pulse Pressure, SBP and DBP across tertiles (T) of major dietary patterns

Tertiles of major dietary patterns

Healthy dietary pattern

T1 T2 T3 P PTrend PANCOVA

VO2 Max (mL/kg/min) 29.9 ± 6.91 31.7 ± 7.76 32.0 ± 8.44 0.13 0.06 0.01

Heart Rate (BPM) 170 ± 22.4 173 ± 20.3 170 ± 17.4 0.62 0.79 0.30

Pulse Pressure (mmHg) 80.2 ± 9.55 79.8 ± 11.5 78.9 ± 11.6 0.72 0.43 0.83

SBP (mmHg) 106 ± 26.9 110 ± 10.8 116 ± 14.5 <0.01 <0.001 0.22

DBP (mmHg) 69.9 ± 11.7 69.7 ± 10.4 72.2 ± 9.75 0.22 0.15 0.67

Mixed dietary pattern

T1 T2 T3 P PTrend PANCOVA

VO2 Max (ml/kg/min) 33.2 ± 8.48 29.98 ± 7.16 30.4 ± 7.25 <0.01 0.01 0.14

Heart Rate (BPM) 173 ± 23.6 170.88 ± 17.96 169 ± 18.45 0.55 0.29 0.89

Pulse Pressure (mmHg) 78.7 ± 10.9 79.7 ± 11.1 80.4 ± 10.7 0.61 0.32 0.17

SBP (mmHg) 109 ± 18.6 110 ± 20.7 114 ± 17.8 0.22 0.09 0.93

DBP (mmHg) 69.7 ± 8.3 69.2 ± 12.3 72.9 ± 10.7 0.04 0.04 0.50

Western dietary pattern

T1 T2 T3 P PTrend PANCOVA

VO2 Max (ml/kg/min) 30.0 ± 8.84 30.9 ± 7.49 32.7 ± 6.64 0.06 0.02 0.04

Heart Rate (BPM) 168 ± 19.7 173 ± 18.5 172 ± 21.9 0.29 0.29 0.89

Pulse Pressure (mmHg) 78.4 ± 11.5 80.2 ± 10.6 80.3 ± 10.6 0.43 0.24 0.90

SBP (mmHg) 114 ± 18.0 110 ± 19.7 109 ± 19.5 0.24 0.13 0.22

DBP (mmHg) 70.0 ± 13.1 70.2 ± 8.8 71.5 ± 9.8 0.59 0.35 0.30

Notes. Significant level was set at p < 0.05. Values are mean and SD. CRF: Cardiorespiratory fitness, SBP: Systolic blood pressure, DBP: Diastolic blood
pressure, PANCOVA= Adjusted for age, sex, education status, smoking, physical activity level, body mass index and energy intake. Pvalue derived from one-way
analysis of variances. ml/kg/min: Milliliter per kilogram per minute; BPM: Beats per minutes; mmHg: Millimeter mercury.
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Our study has several strengths and some limitations.
First, and foremost, this is the first study, to the authors
knowledge, to have investigated the association between
dietary patterns with CRF in Iranian middle-aged adults.
The wide range in the socioeconomic statuses included in
the study enables better community representation.
Another strength is that the effect of possible confounders
was detected and controlled in our analyses. Furthermore,
we used a validated FFQ for gathering dietary data which
reflects the long-term nutritional intake of each person.
The analysis of dietary patterns, as opposed to single nutri-
ents, and their relationship to CRF also permitted the
assessment of the interaction among components in the
diet. However, as a limitation, we must acknowledge that
the cross-sectional study design precludes the discernment
of causal inferences. Additionally, the small sample size of
the study prevents the detection ofweak statistical relation-
ships. Thus, we recommend that longitudinal and high-
quality, randomized trials are needed to examine the causal
relationships.

Conclusion

In conclusion, our findings suggest that higher adherence to
a “healthy” and “Western” dietary pattern is positively
associated with CRF. Further studies are necessitated in
order to explore the causal relationship between dietary
patterns and CRF.

Electronic supplementary material

The electronic supplementary material (ESM) is available
with the online version of the article at https://doi.org/
10.1024/0300-9831/a000685
ESM 1. Scree plot of 25 food groups according to eigen-
values (Figure E1)

References

1. Blair SN, Kampert JB, Kohl HW 3rd, Barlow CE, Macera CA,
Paffenbarger RS Jr, et al. Influences of cardiorespiratory
fitness and other precursors on cardiovascular disease and
all-cause mortality in men and women. Jama. 1996;276(3):
205–10.

2. Sandbakk SB, Nauman J, Lavie CJ, Wisloff U, Stensvold D.
Combined association of cardiorespiratory fitness and body
fatness with cardiometabolic risk factors in older Norwegian
adults: the generation 100 study. Mayo Clin Proc Innov
Qual Outcomes. 2017;1(1):67–77. https://doi.org/10.1016/
j.mayocpiqo.2017.05.001.PMC6135019

3. Wei M, Kampert JB, Barlow CE, Nichaman MZ, Gibbons LW,
Paffenbarger RS Jr, et al. Relationship between low cardiores-
piratory fitness and mortality in normal-weight, overweight,
and obese men. Jama. 1999;282(16):1547–53. https://doi.org/
10.1001/jama.282.16.1547

4. Eisenmann JC, Wickel EE, Welk GJ, Blair SN. Relationship
between adolescent fitness and fatness and cardiovascular
disease risk factors in adulthood: the Aerobics Center
Longitudinal Study (ACLS). Am Heart J. 2005;149(1):46–53.
https://doi.org/10.1016/j.ahj.2004.07.016

5. Hurtig-Wennlof A, Ruiz JR, Harro M, Sjostrom M. Cardiores-
piratory fitness relates more strongly than physical activity to
cardiovascular disease risk factors in healthy children and
adolescents: the European Youth Heart Study. Eur J Cardio-
vasc Prev Rehabil. 2007;14(4):575–81. https://doi.org/
10.1097/HJR.0b013e32808c67e3

6. Janz KF, Dawson JD, Mahoney LT. Increases in physical
fitness during childhood improve cardiovascular health during
adolescence: the Muscatine Study. Int J Sports Med. 2002;
23(Suppl 1):S15–21. https://doi.org/10.1055/s-2002-28456

7. Moliner-Urdiales D, Ruiz JR, Vicente-Rodriguez G, Ortega FB,
Rey-Lopez JP, Espana-Romero V, et al. Associations of
muscular and cardiorespiratory fitness with total and central
body fat in adolescents: the HELENA study. Br J Sports Med.
2011;45(2):101–8. https://doi.org/10.1136/bjsm.2009.062430

8. Twisk JW, Kemper HC, van Mechelen W. The relationship
between physical fitness and physical activity during adoles-
cence and cardiovascular disease risk factors at adult age.
The Amsterdam Growth and Health Longitudinal Study.
Int J Sports Med. 2002;23(Suppl 1):S8–14. https://doi.org/
10.1055/s-2002-28455

9. Ruiz JR, Ortega FB, Rizzo NS, Villa I, HurtigWennlof A, Oja L,
et al. High cardiovascular fitness is associated with low
metabolic risk score in children: the European Youth Heart
Study. Pediatr Res. 2007;61(3):350–5. https://doi.org/
10.1203/pdr.0b013e318030d1bd

10. Dwyer T, Magnussen CG, Schmidt MD, Ukoumunne OC,
Ponsonby AL, Raitakari OT, et al. Decline in physical fitness
from childhood to adulthood associated with increased obesity
and insulin resistance in adults. Diabetes Care. 2009;32(4):
683–7. https://doi.org/10.2337/dc08-1638.PMC2660487

11. Ortega FB, Ruiz JR, Castillo MJ, Sjostrom M. Physical fitness
in childhood and adolescence: a powerful marker of health.
Int J Obes (Lond). 2008;32(1):1–11. https://doi.org/10.1038/
sj.ijo.0803774

12. Ruiz JR, Castro-Pinero J, Artero EG, Ortega FB, Sjostrom M,
Suni J, et al. Predictive validity of health-related fitness in
youth: a systematic review. Br J Sports Med. 2009;43(12):
909–23. https://doi.org/10.1136/bjsm.2008.056499

13. Myers J, McAuley P, Lavie CJ, Despres JP, Arena R, Kokkinos P.
Physical activity and cardiorespiratory fitness as major mark-
ers of cardiovascular risk: their independent and interwoven
importance to health status. Prog Cardiovasc Dis. 2015;57(4):
306–14. https://doi.org/10.1016/j.pcad.2014.09.011

14. Chatterjee S, Chatterjee P, Bandyopadhyay A. Prediction of
maximal oxygen consumption from body mass, height and
body surface area in young sedentary subjects. Indian J
Physiol Pharmacol. 2006;50(2):181–6.

15. Mardanpour-Shahrekordi Z, Banitalebi E, Faramarzi M,
Bagheri L, Mardanpour-Shahrekordi E. The effect of sequence
order of combined training (resistance and endurance) on
strength, aerobic capacity and body composition in older
women: a randomized clinical trial. J Shahrekord Univ Med
Sci. 2015;17(3):1–12.

�2020 Hogrefe Int J Vitam Nutr Res (2022), 92 (5–6), 366–375

H. Shahinfar et al., Dietary patterns and cardio-respiratory fitness 373

https://doi.org/10.1024/0300-9831/a000685
https://doi.org/10.1024/0300-9831/a000685
https://doi.org/10.1016/j.mayocpiqo.2017.05.001.PMC6135019
https://doi.org/10.1016/j.mayocpiqo.2017.05.001.PMC6135019
https://doi.org/10.1001/jama.282.16.1547
https://doi.org/10.1001/jama.282.16.1547
https://doi.org/10.1016/j.ahj.2004.07.016
https://doi.org/10.1097/HJR.0b013e32808c67e3
https://doi.org/10.1097/HJR.0b013e32808c67e3
https://doi.org/10.1055/s-2002-28456
https://doi.org/10.1136/bjsm.2009.062430
https://doi.org/10.1055/s-2002-28455
https://doi.org/10.1055/s-2002-28455
https://doi.org/10.1203/pdr.0b013e318030d1bd
https://doi.org/10.1203/pdr.0b013e318030d1bd
https://doi.org/10.2337/dc08-1638.PMC2660487
https://doi.org/10.1038/sj.ijo.0803774
https://doi.org/10.1038/sj.ijo.0803774
https://doi.org/10.1136/bjsm.2008.056499
https://doi.org/10.1016/j.pcad.2014.09.011


16. Copeland JL, Chu SY, Tremblay MS. Aging, physical activity,
and hormones in women – a review. J Aging Phys Act. 2004;
12(1):101–16. https://doi.org/10.1123/japa.12.1.101

17. World Health Organization. Diet, nutrition, and the prevention
of chronic diseases: report of a joint WHO/FAO expert
consultation Geneva: World Health Organization; 2003.

18. Blair SN, Ellsworth NM, Haskell WL, Stern MP, Farquhar JW,
Wood PD. Comparison of nutrient intake in middle-aged men
and women runners and controls. Med Sci Sports Exerc.
1981;13(5):310–5.

19. Butterworth DE, Nieman DC, Underwood BC, Lindsted KD. The
relationship between cardiorespiratory fitness, physical activ-
ity, and dietary quality. Int J Sport Nutr. 1994;4(3):289–98.
https://doi.org/10.1123/ijsn.4.3.289

20. Haraldsdottir J, Andersen LB. Dietary factors related to
fitness in young men and women. Prev Med. 1994;23(4):
490–7. https://doi.org/10.1006/pmed.1994.1067

21. Brodney S, McPherson RS, Carpenter RS, Welten D, Blair SN.
Nutrient intake of physically fit and unfit men and women.
Med Sci Sports Exerc. 2001;33(3):459–67. https://doi.org/
10.1097/00005768-200103000-00020

22. Finley CE, LaMonte MJ, Waslien CI, Barlow CE, Blair SN,
Nichaman MZ. Cardiorespiratory fitness, macronutrient
intake, and the metabolic syndrome: the Aerobics Center
Longitudinal Study. J Am Diet Assoc. 2006;106(5):673–9.
https://doi.org/10.1016/j.jada.2006.02.012

23. Shikany JM, Jacobs DR Jr, Lewis CE, Steffen LM, Sternfeld B,
Carnethon MR, et al. Associations between food groups,
dietary patterns, and cardiorespiratory fitness in the Coronary
Artery Risk Development in Young Adults study. Am J Clin
Nutr. 2013;98(6):1402–9. https://doi.org/10.3945/ajcn.113.
058826.PMC3831533

24. Cuenca-Garcia M, Ortega FB, Huybrechts I, Ruiz JR, Gonzalez-
Gross M, Ottevaere C, et al. Cardiorespiratory fitness and
dietary intake in European adolescents: the Healthy Lifestyle in
Europe by Nutrition in Adolescence study. Br J Nutr. 2012;
107(12):1850–9. https://doi.org/10.1017/s0007114511005149

25. Gray A, Smith C. Fitness, dietary intake, and body mass
index in urban Native American youth. J Am Diet Assoc.
2003;103(9):1187–91. https://doi.org/10.1016/s0002-8223
(03)00979-9

26. Lloyd T, Chinchilli VM, Rollings N, Kieselhorst K, Tregea DF,
Henderson NA, et al. Fruit consumption, fitness, and cardio-
vascular health in female adolescents: the Penn State Young
Women’s Health Study. Am J Clin Nutr. 1998;67(4):624–30.
https://doi.org/10.1093/ajcn/67.4.624

27. Moreira C, Santos R, Moreira P, Lobelo F, Ruiz JR, Vale S,
et al. Cardiorespiratory fitness is negatively associated with
metabolic risk factors independently of the adherence to a
healthy dietary pattern. Nutr Metab Cardiovasc Dis. 2013;
23(7):670–6. https://doi.org/10.1016/j.numecd.2012.01.011

28. Kant AK. Dietary patterns and health outcomes. J Am Diet
Assoc. 2004;104(4):615–35. https://doi.org/10.1016/j.jada.
2004.01.010

29. Jacobs DR Jr, Murtaugh MA. It’s more than an apple a day: an
appropriately processed, plant-centered dietary pattern may
be good for your health. Am J Clin Nutr. 2000;72(4):899–900.
https://doi.org/10.1093/ajcn/72.4.899

30. Hu FB. Dietary pattern analysis: a new direction in nutritional
epidemiology. Curr Opin Lipidol. 2002;13(1):3–9. https://doi.
org/10.1097/00041433-200202000-00002

31. Mirmiran P, Esfahani FH, Mehrabi Y, Hedayati M, Azizi F.
Reliability and relative validity of an FFQ for nutrients in the
Tehran lipid and glucose study. Public Health Nutr. 2010;13(5):
654–62. https://doi.org/10.1017/s1368980009991698

32. Ghafarpour M, Houshiar-Rad A, Kianfar H, Ghaffarpour M.
The manual for household measures, cooking yields factors
and edible portion of food. Tehran: Keshaverzi; 1999.

33. Hu FB, Rimm E, Smith-Warner SA, Feskanich D, Stampfer MJ,
Ascherio A, et al. Reproducibility and validity of dietary patterns
assessed with a food-frequency questionnaire. Am J Clin Nutr.
1999;69(2):243–9. https://doi.org/10.1093/ajcn/69.2.243

34. Esmaillzadeh A, Azadbakht L. Major dietary patterns in
relation to general obesity and central adiposity among
Iranian women. J Nutr. 2008;138(2):358–63. https://doi.org/
10.1093/jn/138.2.358

35. Esmaillzadeh A, Kimiagar M, Mehrabi Y, Azadbakht L, Hu FB,
Willett WC. Dietary patterns, insulin resistance, and preva-
lence of the metabolic syndrome in women. Am J Clin Nutr.
2007;85(3):910–8. https://doi.org/10.1093/ajcn/85.3.910

36. Kim J-O, Mueller CW. Factor analysis: Statistical methods and
practical issues. Iowa: Sage; 1978.

37. Bruce RA, Kusumi F, Hosmer D. Maximal oxygen intake and
nomographic assessment of functional aerobic impairment in
cardiovascular disease. Am Heart J. 1973;85(4):546–62.
https://doi.org/10.1016/0002-8703(73)90502-4

38. Brunet M, Chaput JP, Tremblay A. The association between
low physical fitness and high body mass index or waist
circumference is increasing with age in children: the “Quebec
en Forme” Project. Int J Obes (Lond). 2007;31(4):637–43.
https://doi.org/10.1038/sj.ijo.0803448

39. Steele RM, Brage S, Corder K, Wareham NJ, Ekelund U.
Physical activity, cardiorespiratory fitness, and the metabolic
syndrome in youth. J Appl Physiol (1985). 2008;105(1):342–51.
https://doi.org/10.1152/japplphysiol.00072.2008.PMC2494842

40. Ross R, Dagnone D, Jones PJ, Smith H, Paddags A, Hudson R,
et al. Reduction in obesity and related comorbid conditions
after diet-induced weight loss or exercise-induced weight
loss in men. A randomized, controlled trial. Ann Intern Med.
2000;133(2):92–103. https://doi.org/10.7326/0003-4819-
133-2-200007180-00008

41. Ekelund U, Anderssen SA, Froberg K, Sardinha LB, Andersen
LB, Brage S. Independent associations of physical activity and
cardiorespiratory fitness with metabolic risk factors in chil-
dren: the European youth heart study. Diabetologia. 2007;
50(9):1832–40. https://doi.org/10.1007/s00125-007-0762-5

42. Laukkanen JA, Laaksonen D, Lakka TA, Savonen K, Rauramaa
R, Makikallio T, et al. Determinants of cardiorespiratory fitness
in men aged 42 to 60 years with and without cardiovascular
disease. Am J Cardiol. 2009;103(11):1598–604. https://doi.org/
10.1016/j.amjcard.2009.01.371

43. Lynch HM, Wharton CM, Johnston CS. Cardiorespiratory fitness
and peak torque differences between vegetarian and omnivore
endurance athletes: a cross-sectional study. Nutrients. 2016;
8(11). https://doi.org/10.3390/nu8110726.PMC5133111

44. Howe AS, Skidmore PM, Parnell WR, Wong JE, Lubransky AC,
Black KE. Cardiorespiratory fitness is positively associated
with a healthy dietary pattern in New Zealand adolescents.
Public Health Nutr. 2016;19(7):1279–87. https://doi.org/
10.1017/s1368980015002566

45. Saeedi P, Black KE, Haszard JJ, Skeaff S, Stoner L, Davidson B,
et al. Dietary patterns, cardiorespiratory and muscular fitness
in 9–11-year-old children from Dunedin, New Zealand. Nutri-
ents. 2018;10(7):887. https://doi.org/10.3390/nu10070887.
PMC6073327

46. Rodríguez-Monforte M, Sánchez E, Barrio F, Costa B, Flores-
Mateo G. Metabolic syndrome and dietary patterns: a
systematic review and meta-analysis of observational stud-
ies. Eur J Nutr. 2017;56(3):925–47. https://doi.org/10.1007/
s00394-016-1305-y

Int J Vitam Nutr Res (2022), 92 (5–6), 366–375 �2020 Hogrefe

374 H. Shahinfar et al., Dietary patterns and cardio-respiratory fitness

https://doi.org/10.1123/japa.12.1.101
https://doi.org/10.1123/ijsn.4.3.289
https://doi.org/10.1006/pmed.1994.1067
https://doi.org/10.1097/00005768-200103000-00020
https://doi.org/10.1097/00005768-200103000-00020
https://doi.org/10.1016/j.jada.2006.02.012
https://doi.org/10.3945/ajcn.113.058826.PMC3831533
https://doi.org/10.3945/ajcn.113.058826.PMC3831533
https://doi.org/10.1017/s0007114511005149
https://doi.org/10.1016/s0002-8223(03)00979-9
https://doi.org/10.1016/s0002-8223(03)00979-9
https://doi.org/10.1093/ajcn/67.4.624
https://doi.org/10.1016/j.numecd.2012.01.011
https://doi.org/10.1016/j.jada.2004.01.010
https://doi.org/10.1016/j.jada.2004.01.010
https://doi.org/10.1093/ajcn/72.4.899
https://doi.org/10.1097/00041433-200202000-00002
https://doi.org/10.1097/00041433-200202000-00002
https://doi.org/10.1017/s1368980009991698
https://doi.org/10.1093/ajcn/69.2.243
https://doi.org/10.1093/jn/138.2.358
https://doi.org/10.1093/jn/138.2.358
https://doi.org/10.1093/ajcn/85.3.910
https://doi.org/10.1016/0002-8703(73)90502-4
https://doi.org/10.1038/sj.ijo.0803448
https://doi.org/10.1152/japplphysiol.00072.2008.PMC2494842
https://doi.org/10.7326/0003-4819-133-2-200007180-00008
https://doi.org/10.7326/0003-4819-133-2-200007180-00008
https://doi.org/10.1007/s00125-007-0762-5
https://doi.org/10.1016/j.amjcard.2009.01.371
https://doi.org/10.1016/j.amjcard.2009.01.371
https://doi.org/10.3390/nu8110726.PMC5133111
https://doi.org/10.1017/s1368980015002566
https://doi.org/10.1017/s1368980015002566
https://doi.org/10.3390/nu10070887.PMC6073327
https://doi.org/10.3390/nu10070887.PMC6073327
https://doi.org/10.1007/s00394-016-1305-y
https://doi.org/10.1007/s00394-016-1305-y


47. Leger LA, Mercier D, Gadoury C, Lambert J. The multistage 20
metre shuttle run test for aerobic fitness. J Sports Sci. 1988;
6(2):93–101. https://doi.org/10.1080/02640418808729800

48. Josse AR, Tang JE, Tarnopolsky MA, Phillips SM. Body
composition and strength changes in women with milk and
resistance exercise. Med Sci Sports Exerc. 2010;42(6):1122–
30. https://doi.org/10.1249/MSS.0b013e3181c854f6

49. Elwood PC, Pickering JE, Fehily AM. Milk and dairy consumption,
diabetes and the metabolic syndrome: the Caerphilly prospec-
tive study. J Epidemiol Community Health. 2007;61(8):695–8.
https://doi.org/10.1136/jech.2006.053157.PMC2652996

50. Hietavala EM, Stout JR, Hulmi JJ, Suominen H, Pitkanen H,
Puurtinen R, et al. Effect of diet composition on acid-base
balance in adolescents, young adults and elderly at rest and
during exercise. Eur J Clin Nutr. 2015;69(3):399–404. https://
doi.org/10.1038/ejcn.2014.245

51. Zoladz JA, Szkutnik Z, Duda K, Majerczak J, Korzeniewski B.
Preexercise metabolic alkalosis induced via bicarbonate inges-
tion accelerates Vo2 kinetics at the onset of a high-power-
output exercise in humans. J Appl Physiol (1985). 2005;98(3):
895–904. https://doi.org/10.1152/japplphysiol.01194.2003

52. Dersjant-Li Y, Verstegen MW, Jansman A, Schulze H,
Schrama JW, Verreth JA. Changes in oxygen content and
acid-base balance in arterial and portal blood in response to
the dietary electrolyte balance in pigs during a 9-h period
after a meal. J Anim Sci. 2002;80(5):1233–9. https://doi.org/
10.2527/2002.8051233x

History
Received May 28, 2020
Accepted September 24, 2020
Published online November 4, 2020

Acknowledgment
Authors thanks all those who participated in this study.

Conflict of interest
Authors declare that they have no conflict of interest.

Authorship
HSH and SS-b have made the conception and design of the study
ME, SD, and NB participated in acquisition of data. HSH and SS-b
analyzed and interpreted the results. HSH drafted the article.
SS-b revised the manuscript critically for important intellectual
content. All of authors approved final version the manuscript.

Funding
This manuscript has been granted by Tehran University of Medical
Sciences (Grant No: 33887).

Sakineh Shab-Bidar
Department of Community Nutrition
School of Nutritional Sciences and Dietetics
Tehran University of Medical Sciences
No 44, Hojjat-dost Alley
Naderi St., Keshavarz Blvd
Tehran
Iran
s_shabbidar@tums.ac.ir

�2020 Hogrefe Int J Vitam Nutr Res (2022), 92 (5–6), 366–375

H. Shahinfar et al., Dietary patterns and cardio-respiratory fitness 375

https://doi.org/10.1080/02640418808729800
https://doi.org/10.1249/MSS.0b013e3181c854f6
https://doi.org/10.1136/jech.2006.053157.PMC2652996
https://doi.org/10.1038/ejcn.2014.245
https://doi.org/10.1038/ejcn.2014.245
https://doi.org/10.1152/japplphysiol.01194.2003
https://doi.org/10.2527/2002.8051233x
https://doi.org/10.2527/2002.8051233x


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2540 2540]
  /PageSize [612.000 792.000]
>> setpagedevice


