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THE CONTRIBUTION OF PROTEINS, FATS, CARBOHYDRATES, AND
ALCOHOL TO THE TOTAL ENERGY VALUE OF THE DIET:
A CROSS-SECTIONAL STUDY

Alexey Galchenko, Elizaveta Sidorova, Artem Barinov, Nikita Titov, Andrew Skalny

ABSTRACT

While eating, people receive energy, as well as the necessary nutrients. However, different food products contain different
amounts of macro- and micronutrients, so their consumption can vary significantly depending on eating habits. The diets of
105 people, first-year students of the Peoples® Friendship University of Russia from six different regions of the Earth: CIS
countries; Latin America; Central and South Africa; North Africa, the Middle East, and Central Asia; Central and South
Asia; Iran and Azerbaijan - were analyzed. Nutrition was evaluated by the frequency method. The median calorie intake
among all examined was 2756 kcal per day. At the same time, the proportion of proteins from the total calorie content was
15.3%, from fats — 37.5%, from carbohydrates — 47.1%, from alcohol — 0.5%. It was not possible to detect significant
differences in the consumption of macronutrients or their contribution to the energy value of the diet between the regions.
The exception was ethanol consumption: students coming from Central and South Africa consumed significantly more
alcoholic drinks compared to students from Russia, Ukraine, and Moldova. Due to the extremely high level of dispersion
within each of the studied groups, it was not possible to detect significant differences in the consumption of macronutrients,
depending on the region of origin of the student. That is, intra-group differences turned out to be significantly more than
inter-group differences. At the same time, the share of macronutrients in ensuring the total calorie content of the diet in this
study turned out to be close to the data obtained in large cities of other countries and significantly differed from the results
of the assessment of diets of rural residents. Probably, the student’s nutrition is formed largely under the influence of the

urban environment and individual taste preferences; ethnic and cultural affiliation plays a much smaller role.
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INTRODUCTION

During a meal, a person receives energy, as well as the
necessary nutrients. Proteins, fats, and carbohydrates are
macronutrients. Each of them performs certain functions.
However, different foods contain different amounts of
them, so their consumption may vary depending on food
predilections and habits (Tutelyan, 2012).

Proteins are one of the main components of the diet.
During digestion, they break down to amino acids, which
are absorbed in the small intestine. In the future, amino
acids are involved in the resynthesis of the body's peptides
and proteins. Proteins are part of all the basic structures of
cells, tissues, and organs, perform enzymatic functions,
participate in the transport of substances, are the basis of
protein hormones, and carry out intercellular signaling.
Amino acids are also involved in the synthesis of protein
derivatives - neurotransmitters and hormones (Galchenko,
Morozova and Zaletova, 2017). Another function of
amino acids is that they act as nitrogen donors in the
synthesis of nitrogen-containing compounds of a non-
protein nature, such as nucleotides, heme, creatine, etc.

Amino acid metabolism usually begins with
transamination or deamination reactions, after which either
new amino acids or o-keto-acids are formed, or a-keto-
acids and an amine residue. Then it goes into the ornithine
cycle, which regulates the nitrogen balance of the body.
The main product of this cycle is urea. Nitrogen-free
amino acid residues are converted into pyruvate, acetyl-
CoA, alpha-ketoglutarate, succinyl-CoA, and fumarate,
which enter the Krebs cycle, and subsequently into the
electron transfer chain, which ends with the synthesis of
ATP. With a decrease in the level of glucose in the
bloodstream, one of the derivatives of asparagine and
aspartic acid, oxaloacetate, will participate in glucose
resynthesis - gluconeogenesis (Severin, 2011a).

Fats form the basis of the cell membrane, are the main
source of carbon and hydrogen atoms, and perform energy
and signal functions (Rustan and Drevon, 2005). Also,
lipids act as thermal insulation and are the precursors of
bile acids and steroids. Lipid metabolism begins with
emulsification by bile acids. After this, the surface area of
the fat droplets increases many times, and they undergo
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hydrolysis. Hydrolysis products — fatty acids,
monoacylglycerols, and diacylglycerols — as well as bile
acids, cholesterol, and hydrophobic vitamins, form mixed
micelles (Severin, 2011b). They are absorbed into the
cells of the small intestine mucosa, where they break down
into the main components. Fatty acids can be deposited,
form the structural components of cells, and also oxidize to
acetyl-CoA and enter the citrate cycle. Ketone bodies,
phospholipids, triacylglycerol, eicosanoids, and cholesterol
are also formed from fatty acids. Further, cholesterol is
involved in the synthesis of bile acids, esters, and steroids
(Wakil, 1962).

The main function of carbohydrates is energy supply.
They participate in the synthesis of fatty acids, amino
acids, nucleotides, which are part of the glycocalyx, which
acts as cellular receptors, antigens, and also participates in
parietal ~ digestion and transport of substances.
Carbohydrates can also be stored as glycogen. The main
monomer of carbohydrates in humans is glucose. Its
metabolism begins with the formation of glucose-6-
phosphate, which subsequently participates in various
processes of synthesis and decomposition. The breakdown
of glucose-6-phosphate, glycolysis, can occur both in the
presence of oxygen and in its absence. Different products
form depending on this. So, with a lack of oxygen,
pyruvate is converted into lactate, which is transposed into
muscle or liver. In the presence of oxygen, pyruvate is
converted to acetyl-CoA in the pyruvate dehydrogenase
complex. Then acetyl-CoA enters the citrate cycle. The
result is the release of energy as ATP and carbon dioxide
and water formation. The reverse route from pyruvate to
glucose is also possible — gluconeogenesis. It provides
maintenance of blood glucose during fasting and physical

Nucleotides

Glucose

Glucose-6-phosphate

exertion. Also, glucose-6-phosphate can enter the pentose
phosphate pathway, which ends with the formation of
hexoses and pentoses. Some pentoses may also be part of
nucleotides. Other monosaccharides and
heteropolysaccharides, lipids, amino acids, and glycerol
can also be formed from glucose (Figure 1) (Severin,
2011c).

Ethanol can be synthesized in the body or ingested with
food. Exogenous ethanol is rapidly absorbed in the
stomach and small intestine. Ethanol metabolism mainly
occurs in the liver and begins in the oral mucosa. Ethanol
is subsequently oxidized by the action of alcohol
dehydrogenase and acetaldehyde dehydrogenase to
acetaldehyde and acetic acid, respectively. Next, acetic
acid is converted to acetyl-CoA. It, in turn, is oxidized in
the citrate cycle to carbon dioxide, and with its excess is
used for the synthesis of fatty acids, fat, and cholesterol.
Ethanol as an amphiphilic substance can enhance the
permeability of the blood-brain barrier, disrupt the
structure and functions of cell membranes, and cause a
change in metabolism in almost all organs. So, as a result
of ethanol catabolism, the number of NADH increases,
which leads to increased lactate formation and slows down
gluconeogenesis (Severin, 2011d).

Thus, the metabolism of all macronutrients is closely
related. All of them, to one degree or another, are capable
of mutual transformations and are predecessors of each
other. Synergy concerning basic functions (primarily
energy) leads to the fact that the ratio of incoming
macronutrients with food can vary significantly, without
leading to immediate clinical manifestations of food
imbalance. The general scheme of interconversion of

macronutrients is presented in Figure 1.
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Scientific hypothesis

The objective of the study was to understand how
national and cultural traditions influence the nature of
people's nutrition. Besides, even with comparable caloric
intake, the contribution of various macronutrients to the
total energy value can vary significantly depending on the
products that make up the diet.

MATERIAL AND METHODOLOGY

In this study, 105 people (71 women and 34 men), first-
year students of the Peoples' Friendship University of
Russia from 33 countries of North and South America,
Africa, Europe, and Asia, were examined. The subjects
were divided into six groups based on the previous region
of residence: 18 people from South, Southeast Asia,
Mongolia, and China, 4 people from Latin America,
12 people from North Africa, the Middle East, Central
Asia, and Afghanistan, 14 people from South and
Equatorial Africa, 4 people from Iran and Azerbaijan, and
54 people from Russia, Ukraine, and Moldova. The age of
the subjects was from 20 to 51 years (Me = 23 years).

Evaluation of the actual nutrition was carried out by the
method of frequency analysis with Nutrilogic software
(“Nutrilogic” LLC, Ryazan, Russia). Food consumption
for 3 — 6 months was taken into account. The interview
was fully structured. Everyone was asked to recall the
features of their diet and the frequency of consumption of
main dishes and products. Subjects were suggested to
estimate the intake of each group of products separately.
The same situation was with the evaluation of food
consumption frequency: people had to choose one of the
given variants. Photographic measures were used for
estimating the amount of food. There were color images of
portions of a known weight of different products and

dishes included in the Nutrilogic program package. The
life-size portions of different weights were presented in
photographs on the monitor screen, and the subject
determined how much his average portion was comparable
with the shown one. Data on the chemical composition of
the foods in Nutrilogic is mainly based on the Tutelyan
handbook (Tutelyan, 2012).

The fractions of proteins, fats, and carbohydrates in the
total calorie intake were calculated based on the fact that
the energy value of proteins is 4 kcal.g™!, fats — 9 kcal.g™,
carbohydrates — 4 kcal.g”! (Norms of physiological needs,
2009b), cthanol — 7 kcal.g! (Kolman and Rum, 2000).
The mass of ethanol consumed was calculated via the
formula m =V * p, where p is the density of ethanol equal
to 0.79 gmL"! (Chemical Encyclopedia, 1999).

Statistical analysis

Statistical data processing was carried out using the SPSS
23 application software package. Analysis of the research
results was carried out using descriptive statistics. The
sample was not representative; accordingly, the data are
presented as medians and quartiles. The differences
between the two independent groups were determined by
the Mann-Whitney criterion. The differences between all
groups were determined by the Kruskal-Wallis test. To
determine significance in all tests p <0.05.

RESULTS AND DISCUSSION

The median caloric value of the diet among all groups
was 2756 kcal per day, and the intake of proteins, fats,
carbohydrates, and alcohol was 101 g, 109.6 g, 311.8 g,
and 2.6 ml, respectively. The values within the groups
varied significantly, the difference between the values of
25 and 75 percentiles in most cases was more than

Table 1 Consumption of macronutrients and energy value of the diet in groups.

Energy, kcal, Proteins, g Fats, g Carbohydrates, Alcohol, ml
median median median g. median
. . . . median .
Region (percentiles (percentiles (percentiles (percentiles (percentiles
0/ « o, 0/ « o, 0/ « o, 2 0/ « o,
25%; 75%) 25%; 75%) 25%; 75%) 25%: 75%) 5%; 75%)
South and Southeast Asia, 2300 78.4 99.3 287.9 1.7
Mongolia and China (1660; 3907) (61.3; 155.6) (70.8; 159.08) (205.5; 454.9) (0; 14.7)
Latin America 2624 102.7 109.2 307.5(125.8; 6.5
(976; 5852) (37.3; 178.9) (38.4; 270.4) 698.2) (0; 11.6)
i iddle East
Igg;?a‘f‘f;‘l’: xédd ¢ Bash 2722 116.3 104.2 304.8 (186.2; 6.6
Afghanistan (1704; 3808) (61.9; 174.1) (75.5; 149.0) 435.8) (1.1; 14.9)
South and Equatorial 2746 108.7 102.2 343.25 15.4
Africa (1911; 4045) (74.6; 166.1) (79.1; 155.8) (196.7; 446.6)  (3.95; 28.5)*
Iran and Azerbaiian 3305 145.9 137.8 373.25 4.1
eroay (1634; 5572) (57.9; 249.9) (76.4; 259.1) (164.9; 563.1) (0;9.3)
Russia, Moldova and 2841 100.7 116.8 349.9 (203.8; 1.3
Ukraine (2080; 3769) (76.4; 143.6) (85.8; 166.4) 490.4) (0; 8.4)*
All regions 2716 101.0 109.6 311.8 (206.2; 2.6
& (1970; 3910) (73.6; 153.2) (77.2; 163.4) 464.9) (0; 11.5)
Note: * —p <0.05.
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Table 2 The share of various macronutrients in the total calorie intake.

Region Proteins, % Fats, % Carbohydrates, % Alcohol, %
;’;‘;2;1‘: :;;g’ﬁf;; Asla, 13.9% 40.1% 51.3% 0.4%
Latin America 16.1% 38.7% 48.0% 1.4%
North Africa, Middle East,

Central Asia and 17.5% 35.6% 45.9% 1.4%
Afghanistan
i‘;“.th and Equatorial 16.2% 34.6% 51.3% 3.1%*
Tica
Iran and Azerbaijan 18.1% 38.7% 46.3% 0.7%
E‘gs‘,a’ Moldova and 14.5% 38.1% 51.6% 0.2%*
aine
All regions 15.3% 37.5% 47.1% 0.5%

Note: * — p <0.05.

twofold. Such a high dispersion of values did not allow us
to identify significant differences in the consumption of
macronutrients in multiple comparisons (Kruskal-Wallace
test) and even in pairwise comparisons (Mann-Whitney
test), despite considerable differences in median indices
between regions. The exception was alcohol consumption
for the CIS countries and South and Equatorial Africa: the
latter consumed much more ethanol. Table 1 shows the
daily consumption of macronutrients and calorie intake.

The contribution of proteins to the energy value of the
diet in all regions (medians) was 15.3%, of fats — 37.5%,
of carbohydrates — 47.1%, of alcohol — 0.5%. Similarly to
the absolute indicators of macronutrient consumption,
when comparing their shares in the total calorie content, it
was not possible to identify significant differences (except
for the consumption of the contribution of alcohol between
students from Equatorial and South Africa and the CIS
countries).

Table 2 presents the distribution of caloric intake by
macronutrients among groups of students.

In the Russian Federation, the recommended dietary
allowances for macro- and micronutrients, as well as for
the energy value of the daily diet are presented in the
Norms of physiological needs (2009a). According to the
document, for the adult population, protein intake should
be 11 — 12% of the total calorie content, fats — 30 — 33%,
carbohydrates — 58%. The examined students
predominantly consumed more proteins and fats,
abundantly contained in fast food, at the expense of
a decrease in the proportion of carbohydrates.

Only about a quarter of the examined students consumed
the recommended in Russia amounts of macronutrients
(proteins — 65 — 117 g/day (m) 58 — 87 g/day (f); fats —
70 — 154 g/day (m) 60 — 102 g/day (f); carbohydrates —
257 — 586 g/day) (Norms of physiological needs, 2009b).
This once again emphasizes the degree of intra-group
differences.

Similar studies have been conducted in other countries.
So, Matthys et al. (2003) found that among adolescents in
Belgium on average 35.7% of the calorie intake was in
fats, 49% — in carbohydrates. In adolescents in Spain, the
proportion of protein in the caloric content of the diet was

17.8%, fats — 34%, carbohydrates — 46.4% (Lopez-
Sobaler et al., 2019). According to other data, the calorie
content of the diets of Spanish children consisted of 16.5%
of proteins, 36.5% of fats, 45.4% of carbohydrates
(Madrigal et al.,, 2020). According to Merkiel and
Chalcarz (2016), children in Poland received 12% of their
energy from protein, 33.4% from fats, and 54.1% from
carbohydrates. In the United States, children's diets were
15% protein energy, 31% fat, and 53% carbohydrate
(Martinez et al., 2017). At the same time, the diets of
North American adults included 80 grams of protein,
77 grams of fats, and 262 grams of carbohydrates daily
(Raatz et al., 2017). Shan et al. (2019) estimated the
energy contribution of macronutrients in a similar
population and found that the share of proteins was 16.4%,
fats — 33.2%, carbohydrates — 50.5%. When assessing the
nutrition of Canadians, the energy contribution of proteins
was 16.5%, fats — 31%, carbohydrates — 50.1%
(Garriguet, 2007). In a study in South Africa, the
contribution to the energy value of adult diets was 11 —
18% of proteins, 17 — 37% of fats, and 47 — 69% of
carbohydrates (Mchiza et al., 2015). Similar results were
obtained in the UK: the share of proteins was 17%, fats —
36%, carbohydrates — 47% (Scarborough et al., 2016), as
well as in Denmark and Finland: the contribution of
proteins was 18.4% and 16%, fats — 36.7% and 35%,
carbohydrates — 45% and 44.5%, respectively (Jakobsen
et al, 2015; Ahola et al.,, 2017). Similar data were
obtained in Australia: pregnant women consumed 19.1%
of their energy from protein, 37.6% from fat, and 41.5%
from carbohydrates (Blumfield et al., 2015). In a study by
George et al. (2018) the proportion of fats in the total
calorie content of the diet was greater than the proportion
of carbohydrates, which was not previously encountered.
In 2018, Chinese authors evaluated the energy value of
the diets of people in the countryside and cities of China.
In rural areas, the contribution to protein-calorie content
was 13%, fats — 32%, carbohydrates — 55%. In large cities,
the share of proteins, fats, and carbohydrates in the total
calorie intake was already 16%, 37%, and 47%,
respectively (Yu, Lopez-Olmedo and Popkin, 2018). The
results of this study, obtained in cities, are largely
consonant with ours, while the nutrition of people from
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villages in China was more consistent with the standards
recommended in Russia. In another study by Chinese
authors, the energy contribution of proteins to the diet of
the elderly was 12.3%, fats — 30.8%, carbohydrates — 56%
(Xu et al., 2015), which is close to the data corresponding
to eating behavior in the Chinese countryside. On the
contrary, the nutrition of older people in Portugal was
closer to the eating behavior of urban residents of China:
17.7% and 18.8% of calories consumed were provided by
proteins in women and men, respectively, 34.6% and 34%
— fats, 49.8% and 46.6% — carbohydrates (Santos et al.,
2015). Bitok et al. (2017) assessed the consumption of
macronutrients in elderly people from different countries.
The number of proteins was 65 grams, fats — 84 grams,
carbohydrates — 204 grams, which is much less than our
results. In Switzerland, by 2016, the consumption of
proteins was 83.8 grams for men, 70 grams for women,
fats — 83.2 and 70.4 grams, carbohydrates — 244 and 208
grams, respectively, which was also less than the values

we obtained (Marques-Vidal et al., 2015).

In the study of R.B. Levy-Costa et al. (2005), it was
observed that the nutrition of people in rural areas in Brazil
was also more in line with the “Norms of physiological
needs” than the results of our study: 12.8% of the calories
were proteins, 27.6% were fats, and 59.6% were
carbohydrates. An even smaller proportion of fats was in
another study in South Africa. According to Kolahdooz,
Spearing, and Sharma (2013), the share of proteins in the
energy value of the diet was 11 — 13%, fats — 18%,
carbohydrates — 67 — 69%. A very low proportion of fat
was also noted in a 2013 study in the United States.
Approximately 18.2% of the total daily caloric content was
ensured by protein intake, 11.4% from saturated fatty
acids, and 67.7% from carbohydrates (Huth et al., 2013).
These results are similar to those obtained by Kolahdooz,
Spearing and Sharma (2013), with the difference that the
protein/fat ratio in South Africa was shifted towards the
latter.

Limitations of the study

The efficiency of statistical data processing was
decreased as a result of the fact that the quantitative
composition of the groups varied greatly. For the same
reason, as well as due to unequal gender composition, the
groups were not divided by gender.

Another limitation of the study was the nutritional
assessment method itself. Since the frequency analysis is
based on the patient's subjective memories, the risk of
accidental bias is relatively high. But still, in this case, the
frequency method was preferable to the diary method,
since nutrition was assessed over a rather long period and
the transfer of the study from a cross-sectional format into
perspective one would have been accompanied by the loss
of a large number of subjects (if not all of them). Actually,
in our particular case, the diary method was impossible at
all, since the subjects' nutrition was assessed for the period
before theyr arrival in Russia. It would be unacceptable to
evaluate only the Russian group by the diary method
within the framework of the methodological postulate of
counteracting a systemic bias.

CONCLUSION

Even though the medians and the values of the 25" and
75th percentiles in the groups were significantly different,
the huge variance of the indicators within each group did
not reveal significant differences in the absolute
consumption or contribution of any of the macronutrients
to the total energy value of the diet between the groups.
The exception was the difference in alcohol consumption
and its share in total calories between students from the
CIS countries and South and Equatorial Africa: the latter
consumed significantly more ethanol-containing drinks,
despite the prevailing stereotypes.

At the same time, we found that the consumption and
ratio of macronutrients among residents of big cities of
different countries have much greater similarities than
between people living in cities and rural areas even within
the same state.

The urban environment is likely to be crucial in shaping
the diet of first-year students. Also, the results made us
conclude that the nature of students’ nutrition depends
primarily on individual preferences, regardless of which
camp the student came to Russia.
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