Original Article
Food Science and Technology

DOI: https://doi.org/10.1590/fst.50021

ISSN 0101-2061 (Print)
ISSN 1678-457X (Online)

@) |

Association of physical activity status with dietary energy density and nutritional
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Abstract

, Feray GENCER BINGOL!, Mehmet Arif ICER', Eda KOKSAL'

This study evaluated the association of physical activity status with dietary energy density and nutritional adequacy. 205 individuals
between the ages of 19-35 years (102 active, 103 inactive) (50% women) participated in the study. The individuals were grouped
according to their physical activity status by gender. When the nutrient adequacy ratio (NAR) of the individuals’ diets was
evaluated, there was a significant difference between active and inactive men only in vitamin A and E adequacy (p < 0.05). On
the other hand, energy, protein, calcium, iron, magnesium, zinc, niacin, vitamin E and folate intake adequacy were found to
be lower in active women compared to inactive women (p < 0.05). While the mean adequacy ratio (MAR) of the diet did not
differ among men, it was significantly higher in inactive women compared to active women (p < 0.05). Dietary energy density
was found to be lower in all active individuals compared to inactive individuals (p < 0.05). A positive association was found
between nutritional adequacy and body weight (p < 0.05), body mass index (p < 0.05), body fat percentage (p < 0.05) and fat
free mass (p < 0.05) in inactive men. As a result, physical activity status can affect nutritional adequacy and dietary energy

density, and this effect differs between genders.
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Practical Application: Physical activity can reduce the risk of obesity by reducing dietary energy density.

1 Introduction

Physical activity is defined as any body movement produced
by skeletal muscles that results in energy expenditure in everyday
life (Du etal., 2019). Guidelines recommend that adults should
engage moderate activity of 150 minutes or vigorous activity of
75 minutes per week (Piercy et al., 2018). Inadequate physical activity
is associated with an increased prevalence of non-communicable
chronic diseases such as obesity, diabetes and cardiovascular
diseases (Gonzélez et al., 2017). Another reason in the etiology
of these diseases is nutritional habits and dietary history (Di
Renzo et al.,, 2019; Marhuenda et al., 2019). It is thought that
there may also be an association between physical activity status
and the nutritional habits of individuals. And, it is anticipated
that physically active individuals tend to choose healthier diets
compared to inactive individuals. However, vigorous physical
activities for weight loss can sometimes lead to restrictions in
energy intake and imbalances in dietary pattern (Monteiro et al.,
2019; Osman & Abumanga, 2019; Yousif et al., 2019).

One of the most important factors leading to improvement
in quality of life is dietary quality (Ozturk & Dikmen, 2021).
It is a concept that has recently gained importance in food and
nutrition science. This concept covers many factors such as food
safety, organoleptic properties and sociocultural elements. Food
safety is a global public health priority and approximately 10%
of people suffer from foodborne illnesses. Foodborne illnesses
cause insufficient food and nutrient intake of individuals and as a
result adversely affect dietary quality (Bumyut et al., 2021; Zhao

& Talha, 2021). It is also known that organoleptic properties and
taste sensitivity affects food intake and dietary quality (Ozturk &
Dikmen, 2021). Nutrition-related factors affecting dietary quality
include components such as adequacy, diversity, moderation,
overall balance, nutrients, and energy density (Alkerwi, 2014;
Hallstrom et al., 2018; Laitinen & Mokkala, 2019). Nutritional
adequacy is defined as adequate intake of nutrients necessary
for optimal health. The nutrient adequacy ratio (NAR) and
mean adequacy ratio (MAR) are the main concepts used in the
evaluation of nutritional adequacy (Doustmohammadian et al.,
2020; Hjertholm et al., 2019). Another indicator of dietary
quality is dietary energy density. Dietary energy density is
a dietary indicator calculated by dividing the daily energy
intake of individuals by the total weight of the amount of food
consumed during that day (Maddabhi et al., 2020). Studies have
found that dietary energy density is positively associated with
body mass index, daily energy and fat intake but negatively
associated with fruit and vegetable consumption (Grech et al.,
2017; Murakami et al., 2017; Sasaki et al., 2017). Energy density is
often associated with weight loss and maintenance in individuals,
and whether it is affected by physical activity status is not clear
yet (Maddahi et al., 2020).

Based on this information, it was aimed to associate between
physical activity status and dietary energy density and nutritional
adequacy in this study.
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2 Materials and methods

2.1 Study design and population

The study was conducted with a total of 205 volunteers,
102 active (51 men, 51 women) and 103 inactive individuals
(51 men, 52 women) with similar age and BMI, who were
between the ages of 19-35 years, members of a fitness center in
Ankara/Turkey and exercising regularly. Moderate exercise of
150 minutes/week and above or vigorous exercise of 75 minutes/
week and above for active individuals, and moderate exercise of
150 minutes/week and below or vigorous exercise of 75 minutes/
week and below for inactive individuals were determined as the
inclusion criteria. In addition, pregnant and lactating women,
individuals with involuntary weight loss, chronic diseases
(diabetes, cardiovascular diseases) and psychiatric medication
use were excluded from the study. The study was conducted
with the approval of Gazi University Ethics Commission,
dated 05/06/2018 and numbered 77082166-604.01.02. Signed
informed consent was obtained from all patients and this study
was conducted in accordance with the Helsinki Declaration.

2.2 Food consumption

24 hour dietary recalls were obtained in order to determine
the energy and nutrient intakes of the individuals. The mean
energy and nutritional values of daily consumed food were
analyzed by the Computer Assisted Nutrition Program, Nutritional
Information System 7.2 (2010) version.

2.3 NAR (Nutrient adequacy ratio)

The NAR value was calculated by comparing individual
daily intake of nutrients with the dietary reference intake (DRI)
levels categorized according to age and gender (Hjertholm et al.,
2019). In this study, the NAR values were calculated for the
selected 11 nutrients (protein, calcium, iron, magnesium, zinc,
vitamin A, niacin, vitamin B12, vitamin C, vitamin E and folate)
as percentages based on the recommended dietary allowance
(RDA). In addition, the energy adequacy ratio was calculated
using the estimated energy requirement (EER) (Krebs-Smith &
Clark, 1989). NAR was calculated by Equation 1 below;

NAR: (Nutrient intake amount x 100) / DRI (1)

2.4 MAR (Mean adequacy ratio)

Nutritional adequacy of the individuals was evaluated using
the mean adequacy ratio (MAR). The MAR value was obtained
as percentage by taking the mean of the NAR values calculated
for 11 nutrients. When calculating the MAR, the NAR value of
100% and above were accepted as 100% (Krebs-Smith & Clark,
1989). MAR was calculated by Equation 2 below;

MAR: Total NAR value of the selected nutrients | Number of nutrients  (2)

2.5 Dietary energy density

Dietary energy density was calculated by dividing the total
energy values of the food (including beverages) consumed by

the individuals by the total amount of the food (Maddahi et al.,
2020). MAR was determined by Equation 3 below;

Dietary energy density (food and beverages): Total energy (kcal) / Total amount (g) (3)

2.6 Body composition and anthropometric measurements

Anthropometric measurements [height (cm), waist circumference
(cm)] and body compositions of the individuals were measured
by the researchers in accordance with the technique. A “Tanita
BC 5327 body analyzer was used to measure the body weight
and body compositions [body weight (kg), body fat percentage
(%), fat free mass (kg)] of the individuals participating in the
study. The BMI (kg/m?) values of the individuals were calculated.

2.7 Statistical analysis

Numerical variables were expressed as mean (¥ ) and standard
deviation (SD), while qualitative variables were expressed as
number (N) and percentage (%). The chi-square test was used
for the comparison of qualitative data (number and percentage).
Whether there was a difference between numerical variables was
examined by the independent sample t-test when numerical
variables showed normal distribution and by the Mann-Whitney
U test when they did not show normal distribution. The Pearson
correlation coefficient and Spearman correlation coefficient were
used to examine the correlations between variables. Statistical
analyzes were performed using Statistical Package for the Social
Sciences (SPSS) 15.0 package program (IBM, Armonk, USA).
All statistical calculations were evaluated at 95% confidence
interval and p < 0.05 significance level.

3 Results

The mean ages of active and inactive men were 23.6 + 3.88 and
24.9 + 3.85 years, respectively, while the mean ages of active and
inactive women were 23.1 £ 3.77 and 22.4 + 1.99 years, respectively.
When the activity duration of the individuals was evaluated, it
was observed that men exercised for 302.9 + 113.29 minutes/
week, while women exercised for 273.5 + 127.79 minutes/week
in the physically active group. The mean activity duration of
men was 27.0 + 31.35 minutes/week, while this period was
44.5 + 45.28 minutes/week for women in the inactive group.
When the demographic characteristics of the individuals were
evaluated, it was seen that the majority of them were single
(89.3%), university graduates (59%) and had middle income
(73.2%). In addition, active individuals were found to skip more
meals than inactive individuals (67.6% and 46.6%, respectively)
(p < 0.05).

When the anthropometric measurements and body compositions
of the individuals were evaluated, the fat free mass of the active
group was found to be higher compared to the inactive group in
women (p < 0.05). There was no significant difference between
the groups in other anthropometric measurement and body
composition findings (p > 0.05) (Table 1).

When the daily energy and nutrient intake of the individuals
were examined, there was no difference between active and inactive
men in terms of daily energy intake (p > 0.05), while the daily energy
intake of inactive women (1817.1 +496.71 kcal/day) were found to
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be higher compared to active women (1245.2 + 486.86 kcal/day)
(p < 0.05). The percentage of energy from carbohydrates was
higher in inactive individuals compared to active individuals for
both men and women (p < 0.05). In contrast, the percentage of
energy from protein was higher in active individuals for both
men and women (p < 0.05). When the percentage of energy from
fat was examined, there was no statistically significant difference
between active and inactive individuals (p > 0.05). While there
was no difference between active and inactive men in terms of
calcium, iron, magnesium and zinc intakes, the intakes of these
nutrients were higher in inactive women compared to active
women (p < 0.05). Vitamin A intake was higher, and vitamin E
intake was lower in active men (p < 0.05). Niacin, vitamin E and
folate intakes were statistically lower in active women compared
to inactive women (p < 0.05) (Table 2).

When the individuals were evaluated in terms of nutrient
adequacy, there was a statistically significant difference between
active and inactive men only in the NAR values of vitamin A

and E (p < 0.05). In women, energy, protein, calcium, iron,
magnesium, zinc, niacin, vitamin E and folate adequacy were
lower in active women compared to inactive women (p < 0.05).
While the mean adequacy ratio (MAR) did not differ among
men, it was significantly higher in inactive women compared to
active women (p < 0.05). Dietary energy density was lower in
the active groups of both genders (p < 0.05) (Table 3).

When the individuals were evaluated according to gender, the
mean dietary energy density was calculated as 1.5 + 0.47 in men
and 1.4 + 0.43 in women. The dietary energy density of men was
found to be significantly higher compared to women (p < 0.05).

When the association of nutritional adequacy with age and
anthropometric measurements was evaluated, there was no
significant association between active men and active and inactive
women (p > 0.05), while nutritional adequacy was found to be
positively associated with body weight (r:0.394, p < 0.05), BMI
(r:0.448, p < 0.05), body fat percentage (r:0.278, p < 0.05) and

Table 1. Anthropometric measurements and body composition values of the individuals.

Men (n:102) Women (n:103)
Active (n:51) Inactive (n:51) Active (n:51) Inactive (n:52)
X +SD X +SD X +SD X +SD P
Height (cm) 177.2 £4.32 178.9 £ 6.19 0.110 164.2 £5.18 163.0 £ 5.60 0.234
Body weight (kg) 77.2+12.43 76.7 £13.09 0.995 57.9+£6.23 57.0+7.72 0.462
Body mass index 24.6 +3.75 253 +11.36 0.510 21.5+2.59 21.3+2.63 0.695
(kg/m?)
Percentage of body 16.3 £6.12 16.2 +5.42 0.946 23.7 +5.80 22.6+691 0.383
fat (%)
Fat free mass (kg) 63.7£7.07 61.1 £7.67 0.076 43.9+3.55 40.3 £6.43 0.001*
Waist 85.0 + 8.74 87.3+11.10 0.163 70.5+6.73 71.7 £7.09 0.422
circumference (cm)
Independent sample t-test, Mann-Whitney U test *p < 0.05
Table 2. Daily energy and some nutrient intakes of the individuals.
Men (n:102) Women (n:103)
Active (n:51) Inactive (n:51) Active (n:51) Inactive(n:52)
X +D X £SD P X £ SD X £SD P

Energy (kcal) 1995.2 £ 896.77 21978 £ 649.96 0.054 1245.2 + 486.86 1817.1 £ 496.71 0.000*
Carbohydrate (g) 198.4 £ 99.61 254.3 + 89.93 0.002* 133.1 + 65.59 211.0 £61.82 0.000*
Carbohydrate (%) 40.8 £10.03 47.3 £6.90 0.000* 43.1 +12.85 48.0 £7.31 0.021*
Protein (g) 84.3 £39.52 72.1 £23.95 0.090 52.0 £ 24.74 63.3£17.33 0.011*
Protein (%) 17.6 £4.03 13.6 £2.75 0.000* 17.3 £5.50 14.3 £2.46 0.001*
Total lipid (g) 92.3 +49.6 95.3 +30.59 0.171 52.3+49.6 77.8 £27.29 0.000*
Total lipid (%) 41.6 £9.39 39.1 £6.01 0.114 379 +11.12 37.7£7.02 0.909
Calcium (mg) 680.3 £ 385.54 603.1 + 326.55 0.440 485.2 +£248.14 610.1 £ 263.56 0.025*
Iron (mg) 11.1 £5.72 11.9 + 4.49 0.110 7.1+£2091 11.5+4.33 0.000*
Magnesium (mg) 265.3 £ 167.5 275.7 +118.13 0.218 172.0 £ 63.33 287.1 £ 115.46 0.000*
Zinc (mg) 10.4 £5.01 10.3 +3.79 0.766 6.7 £ 3.64 9.1+£292 0.000*
Vitamin A (mcg) 1159.1 £ 1522.83 689.4 +405.79 0.007* 655.9 +423.96 898.3 £ 1154.80 0.297
Niacin (mg) 30.2 £ 18.85 24.0+£9.11 0.080 17.7 £9.50 22.9+7.29 0.001*
Vitamin B12(mcg) 5.5+6.78 4.4 +297 0.563 3.3+£3.06 3.4+2.06 0.307
Vitamin C (mg) 77.1 £74.21 70.5 £ 60.3 0.886 67.4 £49.09 89.0 £ 62.59 0.061
Vitamin E (mg) 18.0 £12.33 25.6 £ 8.49 0.000* 124 +£7.85 22.5+7.89 0.000*
Folate (mcg) 278.4 +£171.24 304.9 £ 155.75 0.188 169.4 + 72.88 334.2 £136.63 0.000*

Independent sample t-test, Mann-Whitney U test *p < 0.05.
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Table 3. Evaluation of the nutrient adequacy and dietary energy density of the individuals.

Men (n:102) Women (n:103)
Active(n:51) Inactive(n:51) Active(n:51) Inactive(n:52)
X +SD X £SD P X £ SD X £SD P
NAR (%)
Energy 65.1 +29.24 71.7 + 21.19 0.054 52.2 +20.46 75.6 + 20.67 0.000*
Protein 150.5 £ 70.57 128.8 £42.77 0.090 113.8 + 54.08 137.5 £ 37.68 0.004*
Calcium 68.0 + 38.55 60.3 + 32.66 0.440 49.4 £25.77 61.0 + 26.36 0.025*
Iron 138.5 +71.47 148.3 £ 56.15 0.110 39.9 +16.32 63.7 + 24.04 0.000%
Magnesium 66.3 +41.88 68.9 +29.53 0.218 56.3 +20.78 92.6 +37.24 0.000*
Zinc 94.2 +45.58 93.3 +34.49 0.766 84.3 +45.82 113.2 £ 36.51 0.000*
Vitamin A 128.8 + 169.20 76.6 £ 45.09 0.007* 93.8 £ 60.63 128.3 + 164.97 0.297
Niacin 188.8 +117.80 150.1 £ 56.94 0.080 127.7 £ 68.06 163.8 £ 52.06 0.001*
Vitamin B12 230.7 + 282.36 184.8 £ 123.59 0.563 140.0 + 128.92 142.6 + 85.84 0.307
Vitamin C 85.7 + 82.45 78.3 £67.03 0.886 89.9 + 65.50 118.7 + 83.46 0.061
Vitamin E 120.0 £ 82.22 170.7 + 56.61 0.000* 82.2 +52.36 150.0 + 52.59 0.000*
Folate 69.6 + 42.81 76.2 + 38.94 0.188 42.3 +18.18 83.6 + 34.16 0.000*
MAR (%) 79.0 £ 16.39 79.7 £ 13.64 0.984 65.4 £ 17.60 81.9 +15.21 0.000*
MAR (%) 79.3 £ 15.00 73.7 £ 18.33
Energy density 1.3+£0.33 1.8 +0.41 0.000% 1.1 +£0.28 1.7 £ 0.40 0.000*
(kkal/g)
Energy density 1.5+047 1.4+043 0.019*
(kkal/g)

Independent sample t-test, Mann-Whitney U test *p < 0.05.

fat free mass (1:0.396, p < 0.05) in inactive men. No statistically
significant association was found between dietary energy density
and age and anthropometric measurements in both active and
inactive individuals for both genders (p > 0.05).

4 Discussion

Non-communicable diseases are among the most important
health problems of the 21st century (Gupta & Xavier, 2018).
Inadequate physical activity and obesity are the most important
risk factors for non-communicable diseases (Ahmed et al., 2019;
Reilly etal., 2019). In addition, physical activity level is associated
with the energy intake, expenditure and body compositions of
individuals (Miles, 2007). In this study, it was aimed to examine
the association between the dietary energy density, nutritional
adequacy and anthropometric measurements of physically
active individuals and to compare them with physically inactive
individuals.

Nutrients should be taken to the body at certain time intervals
to ensure adequate and balanced nutrition. The body’s energy
and metabolic balance may be adversely affected in cases of
fasting for a long time or overeating at short intervals. Therefore,
the number of main meals and snacks is quite important for
maintaining health and ensuring adequate and balanced nutrition
(Butler & Barrientos, 2020). Changing physical activity habits
were determined to cause no significant changes on main meal
patterns in a study evaluating the associations between physical
activity habits and meal patterns (Driskell et al., 2005). Similarly,
no statistically significant association was found between being
physically active and the frequency of main meal in this study

(p > 0.05). This result suggests that physical activity may not be
effective on the main meal frequencies of individuals.

Overweight and obesity are defined as excessive or abnormal
accumulation of fat at a level to put health at risk (Schetz et al.,
2019). Body fat percentage is expected to be lower in active
individuals compared to inactive individuals. Studies have
shown that physical activity is inversely associated with body
fat percentage (Anyzewska et al., 2020; Bradbury et al., 2017).
It is also stated that increased physical activity is associated
with an increase in fat free mass (Takae et al., 2019). In this
study, active women were found to have higher fat free mass
compared to inactive women (p<0.05). However, there was no
significant difference between the groups in terms of body fat
percentage in this study. It is an expected result that variables
such as waist circumference and body fat percentage did not
differ between the groups while the individuals in the inactive
group were included in the study, since they were selected in
accordance with the BMI of the physically active group. In line
with these data, it is thought that increased physical activity
may lead to an increase in fat free mass as well as a decrease in
body fat percentage.

When energy intake is more than energy expenditure; that
is, when energy balance shifts positively, weight gain begins
(Mahan & Raymond, 2016). Hatamoto et al. concluded in their
study that significantly different daily physical activity did not
energy intake (Hatamoto et al., 2019). In this study, no significant
difference was found between physically active and inactive men
in terms of energy expenditure, while physically inactive women
had statistically significantly higher energy intake compared to
active women (p < 0.05). In line with the current results, it is
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thought that men performed physical activities for bodybuilding
purposes, and therefore their energy intake was very similar to
inactive individuals, while the reason why women performed
physical activities was mostly to lose weight, and therefore they
may have restricted their energy intake.

It is very important that the rates of dietary energy from
macronutrients are within the desired range in order to maintain
health and gain healthy eating habits (Mahan & Raymond, 2016).
A study concluded that increased physical level did not affect
the macronutrient intake of individuals (Motamed et al., 2019).
In the present study, it was found that the rate of daily energy
intake from carbohydrate was lower (p < 0.05), the rate from
protein was higher (p < 0.05), and there was no difference in
the rate from fat (p > 0.05) in active men compared to inactive
men. It can be thought that active men may frequently exercise
for bodybuilding purposes and try to contribute to muscle
development by consciously increasing their protein intake.
It should not be ignored that this increase in protein intake will
indirectly lead to a decrease in carbohydrate intake. However,
it is an expected situation that inactive women will have higher
daily carbohydrate, protein and fat intakes due to higher daily
energy intake compared to active women. Although inactive
women had higher daily protein intake (p < 0.05), the rate of
daily energy from protein was lower (p < 0.05). This suggests that
physically active women were trying to increase their protein
intake. In addition, it should not be disregarded that the rate of
energy from carbohydrate was lower, while the rate of energy
from fats was higher in all groups according to healthy nutrition
recommendations. In line with these data, the dietary pattern
was observed to be impaired due to the increased daily total
fat intake as a result of the low-carbohydrate diet consumed by
the individuals.

Adequate intake of micronutrients is extremely important along
with adequate intake of macronutrients (Mahan & Raymond, 2016).
In this study, the percentage of meeting vitamin A requirement
was found to be lower, and the percentage of meeting vitamin E
requirement was found to be higher in inactive men compared
to active men (p < 0.05). This result suggests that inactive men
consumed more sources rich in vitamin E. In addition, it was found
that both active and inactive men did not have any nutritional
deficiencies when the percentages of meeting daily nutritional
requirements were evaluated. As for women, the percentage of
meeting daily energy requirement was found to be higher in the
inactive group (p < 0.05). This suggests that physically active
women consciously turned to energy restrictions in their diets.
The percentages of meeting calcium, iron, magnesium, zinc,
niacin, vitamin E and folate requirements and their amount of
intake with daily diet were also significantly higher in inactive
women compared to active women (p < 0.05). However, it should
not be ignored that physically inactive women had higher daily
energy intake with their diets compared to active women, and
this may have affected the result.

Nutritional adequacy and energy density are among the
main methods used in determining dietary quality (Mahan &
Raymond, 2016). Cho et al. (2011) found that the active group
had higher MAR values compared to the inactive group, but this
difference was not statistically significant in their study. In the
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present study, the MAR values were not different between the
two groups of men, while they were higher in the inactive group
of women (p < 0.05). It can be thought that the daily energy
intakes of physically inactive women are higher, and therefore
their MAR values may be higher.

In addition to the amount of energy in a diet, the ratio of
daily energy intake to the total weight of the amount of food
consumed during that day is quite important. This ratio, called
dietary energy density, facilitates making general comments on
the diet consumed (Grech et al., 2017; Maddahi et al., 2020).
Furthermore, many studies have reported that increased dietary
energy density is associated with obesity (Arango-Angarita et al.,
2019; Vernarelli et al., 2018). In the present study, the dietary
energy density of active individuals was found to be significantly
lower in both genders (p < 0.05). In line with these data, it
can be concluded that increased physical activity can reduce
dietary energy density and decrease the risk of obesity with
this mechanism. However, the lack of studies investigating the
association between physical activity level and dietary energy
density complicates the evaluation.

Gender is stated to have an effect on nutritional habits
(VanKim et al., 2019). Leblanc et al. found that men had a
higher dietary energy density compared to women in their study
(Leblanc et al., 2015). In the present study, the dietary energy
density of men was found to be statistically significantly higher
compared to women (p < 0.05). In the light of these data, it can be
thought that gender may have an effect on dietary energy density.

Another important research topic is the study of the association
between the mean adequacy ratio of diet and anthropometric
measurements. Kelishadi et al. (2019) found that the MAR was
positively associated with BMI in their study of 5000 participants
(p <0.05). Increased dietary diversity was found to be associated
with higher BMI in a study conducted by Fernandez et al. (2016).
In this study, a significant positive association was found between
nutritional adequacy and body weight, BMI, body fat percentage
and fat free weight in inactive men. In line with these data, it
can be thought that there is an association between nutritional
adequacy and some anthropometric measurements. However,
further studies are needed on this subject.

5 Conclusions

In this study, it was concluded that increased physical
activity might be associated with increased fat free mass,
decreased daily energy and carbohydrate intake and increased
daily protein intake. Different results were observed in gender
groups, especially between nutritional adequacy and physical
activity. Moreover, it can be said that increased physical activity
has a reducing effect on dietary energy density. In addition, the
results of this study indicate that increasing the level of physical
activity can reduce the risk of obesity by increasing fat free mass
and reducing dietary energy density and energy intake.
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