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Abstract: (1) Background: Daily caloric intake should aim to reduce the risk of obesity or poor
anthropometric development. Our study objective was to analyze the association between food
consumption, inflammatory status and anthropometric development; (2) Methods: We performed
a prospective observational analytical research during September 2020 and April 2021 on a group
of 160 healthy subjects, aged between 6 and 12 years old, by analyzing food ingestion, the basal
metabolic rate, anthropometric development and the inflammatory status; (3) Results: IL-6 was
significantly correlated to the sum of skinfolds, along with both serum proteins and triglycerides.
The skin folds were significantly correlated with the caloric intake and with total fat intake, next to
saturated and trans fats. Unlike the skin folds, the body weight was significantly correlated with
the caloric intake along with some vitamins, such as Vitamin A and Vitamin B12. Inactive mass
increased with excessive folic acid, Vitamin E, Vitamin K and saturated fat intake; (4) Conclusions:
The inflammatory status was influenced by the ingestion of micronutrients, total serum lipids and
proteins. The anthropometric development was associated with the ingestion of carbohydrates,
energy balance and energy intake. We can conclude that daily menu and nutrition imbalances can
influence both the risk of obesity and the inflammatory status.

Keywords: interleukin; cytokine; skin folds; respiratory coefficient; inflammation

1. Introduction

Dietary imbalance causes changes either an excess or deficit in body weight, depending
on the nutritional needs and the caloric intake. As known, physically inactive individuals
that have a positive caloric balance may report a higher risk of obesity. On the other hand,
a negative energy balance due to lack of food intake may increase the risk of malnutrition.
In both cases, the consequence is improper anthropometric development, which means
that each condition must be treated equally.

Daily caloric intake should aim to reduce the risk of obesity or poor anthropometric
development [1]. Due to food intake, various functional and anthropometric changes
occur in children, which can furthermore affect the age-specific development process [2,3].
However, the consequences of poor anthropometric development during childhood period
are much more accurately observed in adults [4–6], who further develop cardiovascu-
lar events, metabolic along with systemic and pulmonary dysfunctions [6–8]. All these
clinical manifestations were previously seen by studying the cytokines and, particularly,
interleukins [9].
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Changes in inflammatory status are mainly seen in adults [10], while limited data
are published on young individuals [11]. As seen in several research papers, changes in
body weight failed to increase the inflammatory status [12,13]. Overall, the main changes
in inflammatory status are related to various clinical outcomes. The most common are
diabetes, insulin resistance, dyslipidemia, hypertension with possible cardio-circulatory
manifestations [14–16].

Few papers approached topics related to food intake and systemic changes [17–19]. The
only exceptions are the papers that studied caloric intake and anthropometric changes [20,21].
This is why it becomes clear that the theoretical and practical approach of anthropometric
analysis is usually related to daily energy intake and less on daily nutritional intake.

Following the worldwide obesity rate, various intervention and diagnostic procedures
are in continuous development [21,22]. Numerous research papers studied the nutrition
value and the caloric intake while measuring the main changes in anthropometrics or the
association between food groups and health risk [23–25]. Therefore, we know that whole
grains unlike refined grains induce less important changes in body weight, that vegetables
and legumes reduce the risk of obesity or that an improvement in the body weight is
usually seen if fruits are consumed within the limit of three hundred grams per day [26].
For all that, most of the food products increase the risk of obesity. The only condition is
the quantity in relationship with daily energy requirements and the amount of nutrients
obtained through food intake. Nutrient intake may induce changes in inflammatory status,
specific in IL-6 and IL-8 levels, under main changes in the body mass.

Our study objective was to analyze the association between food consumption, inflam-
matory status and anthropometric development. The hypothesis is that daily energy intake
together with several nutrients can influence the risk of obesity and the inflammatory ratio
through IL-6 and IL-8.

2. Materials and Methods
2.1. Study Design

We performed a prospective observational analytical research during eight months
period, over September 2020 and April 2021. All procedures, tests and measurements
were performed in the Advanced Medical and Pharmaceutical Research Center (CCAMF)
of ”George Emil Palade” University of Medicine, Pharmacy, Science and Technology of
Târgu Mures, , Romania, on a group of 160 participants. No more than 18 participants were
excluded due to a pre-existing chronic inflammatory status.

Our research protocol was accepted (No. 259/14.11.2018) by the Ethical Committee
of the ”George Emil Palade ” University of Medicine, Pharmacy, Science and Technology
of Târgu Mures, , Romania and at the same time the protocol complied with the mentions
regarding human experimentation and research protocols as required in the Declaration
of Helsinki. Prior to research, all means of research were explained to the children and
their parents/ caregivers. If the research measures were understood and accepted at the
same time, the parents/caregivers signed the informed consent and the acceptance for their
children to participate in the research.

2.2. Study Participants

The following inclusion criteria were applied: children aged between 6 and 12 years
old with no food allergies, acute or chronic pathologies. If any of these criteria were not
met, the participants were excluded from the research.

2.3. Test Applied

During one single visit, the participants went through the basal metabolic rate (BMR)
measurement, next to the anthropometric measurements and the blood sampling. The food
intake was analyzed by using a food diary, completed by the parent/ caregiver over 7 days
period, as illustrated in Figure 1.
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Figure 1. Study sample research procedures.

2.4. Basal Metabolic Rate (BMR)

We used the indirect calorimetry method to measure the BMR. Each measurement
took place after a 12-h fasting period by using the Cortex Metalyzer 3B equipment (Cortex
Medical, Leipzig, Germany) the MetaSoft 3 software (Cortex Medical, Leipzig, Germany)
and the facemask. Study participants were not allowed to exercise for 48 h before testing,
and were recommended a normal, balanced diet.

The equipment was calibrated before each test with known O2 and CO2 concentra-
tions, while the participants were adapting to the testing environment. In the beginning of
the test, we measured heart rate (HR, bpm), the systolic (SBP, mmHg) and diastolic blood
pressures (DBP, mmHg) by using General Electric HEALTCARE B20 device (General Elec-
tric, Boston, MA, USA). From the supine position, the energy expenditure was measured as
kilocalories (kcal) per minute/hours/day. The respiratory coefficient (RQ) was measured
next to oxygen consumption (VO2, L/min) and carbon dioxide production (VCO2, L/min).
By using these parameters, we appreciated the carbohydrate metabolism (CHO, grams
per day, %) next to the fat metabolism (Fat, grams per day, %). Additional information
was provided through the standard protocol and the MetaSoft 3 use: body mass index
(BMI) and resting energy requirement (kcal/day) which was calculated automatically by
applying the Harris Benedict equation [27].

2.5. Anthropometric Measurements

The participants underwent anthropometric measurements during one single visit. In
the presence of the parent/caregiver, the participants remained in minimal clothing during
all anthropometric measurements. The body weight and the body height were the common
measurements. Each measurement took place in similar conditions as the BMR test, after
a 12-h fasting period by using the ADE, GmbH M30404-01 calibrated thaliometer (ADE
Germany GmbH, Hamburg, Germany).

We used the HARPENDEN Professional Skinfold equipment (Baty International Ltd,
Burgess Hill, United Kingdom) to measure the following skinfolds: the biceps, the triceps,
the subscapular, the suprailiac, the abdominal, the thigh and the leg skin fold. Allover, the
age, the gender, the height and the weight next to the biceps, the triceps, the subscapular
and the suprailiac skinfold values were used in the Durnin and Womersley formula [28]
to determine the body mass: muscle mass, fat mass, illustrated as kilograms (kg) and
percentage of the total body weight (% of total body mass).

All anthropometric measurements took place in three successive repetitions at 20-s
intervals. For each measurement, we calculated the average value that was later used in
statistics. For each participant, we extrapolated the height for age (%) and the weight for age
(%) percentiles. The normal range was listed between 5 and 95%. Under 5%, the participants
were underweight and over 95%, the participants were considered overweight [29].

2.6. Blood Samples

Following similar fasting conditions, 15 mL of venous blood were collected from
each participant. After each collection, the blood samples were kept for 15 min at room
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temperature, were centrifuged at 80 rpm and sampled in 12 µL micro tubes. In the
end, the blood samples were frozen at −80◦C and stored until analyzed. All samples
were analyzed on one occasion. The Cobas Integra 400 Plus (F. Hoffmann-La Roche
AG, Baselz, Switzerland) was used to determine the level of cholesterol (80–200 mg/dL),
creatinine (<8 years old: 0.40–0.60 mg/dL; 8–10 years old: 0.39–0.73 mg/dL), triglycerides
(50–150 mg/dL) and total proteins (66–87 g/L). We determined both IL-6 (<3.8 pg/mL) and
IL-8 (<15 pg/mL) serum levels. Each parameter was measured from the sample by using
the DYNEX DSX AUTOMATED ELISA SYSTEM (Dynex®Technologies, Inc., Chantilly, VA,
USA) based on an immuno-enzymatic assay.

The reagents were brought to room temperature. During the first stage, the samples,
standards and controls were added to the wells, which were lined with a monoclonal
antibody for IL-6 and IL-8. After the incubation period, the IL-6 and IL-8 present in the
sample, standard or control unrelated to the fixed antibody was removed by washing with
a wash buffer. After the washing process, a solution containing a monoclonal antibody to
IL-6 labeled with an enzyme-biotin was added. We further added the streptavidin-HRP
conjugate. The analyzer read the absorbance of each well spectrophotometrically. The IL-6
and IL-8 concentrations were determined after reading the absorbance for each well and
after the interpolation on the calibration curve. The cytokine concentration was directly
proportional to the color intensity of the well.

2.7. Daily Food Intake

We used a seven-day (n = 7) food journal to get data over daily food intake. The journal
was made available to the participants by using the google form platform (Mountain View,
CA, United States). Completion time was estimated at 10 minutes. Each journal had three
sections. The first section was to identify the participant. Section 2 was used to detail food
intake and Section 3 was used to detail fluid intake.

Every day we received information regarding food intake, time, type of food and food
quantity. The food quantity was measured by using calibrated scales, which were made
available to them during the research. Fluid intake was measured as well by using the third
section of the questionnaire. The intake was estimated by reporting the amount consumed
daily (liters per day).

We used USDA’s Food Composition Databases [30], a property of the United States’
Department of Agriculture (2019), to analyze daily food intake. Thus, we conducted a
quantitative and qualitative analysis, by using the following information for each food
product: caloric value (kcal), carbohydrate (g), protein (g) and lipids (g) content, along
with cholesterol (mg), saturated fats (g), monounsaturated fats (g), polyunsaturated fats
(g), trans fats (g), sugars (g) and fibers (g). Further, Iron (mg), Calcium (mg), Magnesium
(mg), Phosphorus (mg), Potassium (mg), Sodium (mg), Zinc (mg), Selenium (mg), Folic
Acid (µg), Vitamin A (µg), Vitamin C (mg), Vitamin B12 (mg), Vitamin B1 (mg), Vitamin B6
(mg), Vitamin K (µg) and Vitamin E (mg) were measured as well.

2.8. Statistical Evaluation

The statistical evaluation was carried out with the GraphPad Prism 6.0 software
(Graph Pad Software, San Diego, CA, USA), with a level of significance set at α = 0.05. The
tests used for the inferential assessment were: Mann–Whitney test for the differences and
the Spearman r test for assessing the relation between two analyzed parameters. The data
were presented by using descriptive data as the median value, the minimum-maximum
values and the variation coefficient (CV). Due to food intake variability, the average values
were not used in this study.

3. Results

The research results are illustrated by applying a systematic passage through each
relevant subject regarding food intake, caloric need and related changes in body mass.
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3.1. Demographic Analysis

All participants passed the anthropometric measurement stage. The weight and the
height were measured to determine the body mass and the anthropometric development
stage according to age.

The median age in the study group was 10.3 years old (6 to 12 years old), CV = 19.67%.
Following the anthropometry measurements, the median body weight was between 22.7
and 75.5 kg with a median value of 46.1 kg and 26.07% CV. The body weight for age was
57%, whereas the height for age reached 67%, both with maximum values near 100%.
Furthermore, the BMI was 18.5, while the fat mass ratio was between 6.6 and 39.3 with
16.7% median value.

3.2. Basal Metabolic Rate—Energy Expenditure

Based on the BMR measurement, oxygen consumption was 0.24 L/min, unlike
0.21 L/min VCO2. The basal metabolic rate reached 1676 kcal/day, while the resting
theoretical energy needs were 1376 kcal/day. The difference between the two numerical
values was 17.9% (p = 0.0001, r = 0.653).

By measuring the O2 consumption and the CO2 production, RQ was 0.86, CV = 18.68%.
Following the BMR measurement, the carbohydrate metabolism was 221 grams per
day (CV = 55.79%) compared to the fat metabolism, which reached 74 grams per day
(CV = 38.9%), as illustrated in Table 1.

Table 1. Carbohydrate, Fat and Protein metabolism (kcal) as measured and compared to the basal
metabolic rate (BMR: 1676 kcal).

Macronutrient Median (Min to Max) % of the Median Energy Need

Carbohydrates (g/day) 906.1 (709.3 to 1143.9 kcal) 54.06 (42.32 to 68.25 kcal)

Fats (g/day) 688.2 (530.1 to 855.6 kcal) 41.06 (31.62 to 51.05%)
Legend: Min—minimum; Max—maximum; %—percentage; g/day—grams per day.

The carbohydrate metabolism was equivalent to 906.1 kcal median value and 54.06%
of the daily energy requirements, unlike fat metabolism, which was equivalent to 688.2 kcal,
and 41.06% of the daily energy needs. We assume that the remaining energy is allocated to
protein, meaning no more than 5 to 10% and 83.8 to 167.6 kcal/day equivalent to 20.31 to
40.87 grams of protein per day.

3.3. Nutritional Intake

The median protein intake was 79.2 g/day, followed by 72.53 g/day fat and 207.6 g/day
carbohydrate, as further detailed in Table 2.

Compared to the basal energy requirements, there are important differences in the
daily intake. Carbohydrate needs (221 g/day) are significantly different to carbohydrate
intake (207.6 g/day), as seen through p = 0.0383, Mann–Whitney U = 8104, despite minimal
quantitative differences in median values. We did not obtain a similar result regarding
fat intake (p > 0.05). However, during the BMR measurement the lipid requirements
were 74 g/day, unlike 72.53 g daily intake (p > 0.05). Similar results were found in daily
micronutrient intake (Table 3).
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Table 2. Descriptive analysis regarding macronutrients intake.

Macronutrient Median (Min to Max) CV, %

Carbohydrates (g/day) 207.6 (100 to 393 ) 29.37

Sugars (g/day) 42.32 (10.5 to 110.9) 40.74

Fibers (g/day) 25.51 (10.24 to 110.9) 30.41

Proteins (g/day) 79.2 (28.2 to 227.9) 36.63

Fats (g/day) 72.53 (16.55 to 164.3) 39.80

Saturated fats (g/day) 735.4 (4.03 to 3966) 12.94

Monounsaturated fats (g/day) 9.44 (0.70 to 42.5) 73.76

Polyunsaturated fats (g/day) 4.03 (0.73 to 31.01) 93.85

Trans fats (g/day) 0.08 (0 to 110.9) 134.72

Cholesterol (g/day) 237.2 (14 to 818.8) 60.14
Legend: Min—minimum; Max—maximum; CV—Coefficient of variation; %—percentage; g/day—grams per day.

Table 3. Micronutrient’s intake in the study group.

Macronutrient Median (Min to Max) CV, %

Iron (mg/day) 15.2 (5.68 to 26.27) 32.52

Calcium (mg/day) 14.06 (90.9 to 3530) 50.69

Magnesium (mg/day) 140.1 (56.7 to 313.1) 43.53

Phosphorus (mg/day) 641.1 (141.7 to 2094) 48.59

Potassium (mg/day) 1713 (6936.3 to 3766) 38.79

Sodium (mg/day) 2868 (672.3 to 4493) 31.72

Zinc (mg/day) 8.25 (0.195 to 240.7) 109.67

Selenium (mg/day) 8.60 (0 to 78.6) 109.66

Vitamin

A (µg/day) 677.2 (83.52 to 29,171) 207.14

C (mg/day) 28.87 (0.6 to 12.24) 86.37

B12 (µg/day) 1.21 (0 to 12.24) 105.69

B1 (mg/day) 0.93 (0.149 to 1.96) 46.71

B6 (mg/day) 0.98 (0.33 to 3.00) 49.96

K (µg/day) 16.95 (0 to 489.5) 183

E (mg/day) 1.22 (0.118 to 8.07) 94.65

Folic Acid (µg/day) 7.2 (0 to 386.6) 212.44
Min—minimum; Max—maximum; CV—Coefficient of variation; %—percentage; g/day—grams per day;
mg/day—milligrams per day; µg/day—micrograms per day.

3.4. Daily Food Intake: Calories, Nutrients and Influence over the Blood Samples

Serum IL-6 was between 0.05 and 5.98 with a median reach of 1.41 pg/mL. IL-8 was
between 0.72 and 38.9 with a median value of 7.09 pg/mL. The cholesterol median value
was 144.7 mg/dL, with maximum values reaching up to 245.3 mg/dl, whereas triglycerides
reached 49.46 mg/dL median value, with maximum values of 150 mg/dL. All measures
were correlated to energy and macronutrient intake, as further illustrated in Table 4.
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Table 4. Univariate analysis between energy intake, next to macronutrient intake and blood sample results.

Macronutrient Intakes
(Median, Min to Max)

Laboratory Parameters (Median, Min to Max)

IL-6 (pg/mL)
(1.41, 0.05 to 5.98)

IL-8 (pg/mL)
(7.09, 0.72 to 38.9)

Cholesterol (mg/dL)
(144.7, 91.33 to 245.3)

Triglycerides mg/dL)
(49.46, 25.67 to 152.4)

Total Proteins (g/L)
(69.13, 59.71 to 76.41)

p r p r p r p r p r

Energy intake (kcal/day):
1854, 773.4 to 3606 0.446 −0.074 0.560 0.056 0.822 108 0.749 0.031 0.0327 0.205

Carbohydrate intake (g/day):
207.6, 100.3 to 393 0.114 −0.152 0.066 0.177 0.400 0.081 0.787 −0.026 0.006 −0.262

Fat intake (g/day):
72.53, 16.55 to 164.3 0.598 0.051 0.802 0.024 0.472 −0.069 0.633 0.046 0.1617 −0.135

Protein intake (g/day):
79.2, 28.2 to 227.9 0.847 0.018 0.862 −0.016 0.252 −0.111 0.333 −0.093 0.066 −0.177

Cholesterol (mg/day):
237.2, 14 to 818.8 0.179 0.130 0.321 −0.096 0.046 0.635 0.034 0.161 0.889 −0.0135

Saturated fat (g/day):
735.4, 4.03 to 3966 0.330 −0.094 0.918 −0.010 0.881 −0.014 0.069 −0.175 0.196 −0.125

Monounsaturated
fats(g/day):

9.44, 0.70 to 42.5
0.179 −0.130 0.466 −0.070 0.191 −0.126 0.144 0.141 0.017 −0.227

Polyunsaturated fats (g/day):
4.03, 0.73 to 31.01 0.004 −0.271 0.613 −0.049 0.884 −0.014 0.468 0.070 0.028 −0.215

Trans fats (g/day):
0.08, 0 to 110.9 0.294 −0.101 0.202 −0.123 0.002 0.223 0.045 0.192 0.002 −0.286

Sugar (g/day):
42.32, 10.5 to 110.9 0.018 0.226 0.720 0.034 0.949 −0.006 0.048 0.190 0.449 −0.073

Fibers (g/day):
25.51, 10.24 to 110.9 0.000 −0.330 0.300 0.100 0.9009 0.012 0.039 −0.198 0.001 −0.297

Legend: Min—minimum; Max—maximum; g/day—grams per day; pg/mL—Picograms per milliliter; mg/dL—milligrams per deciliter;
p—probability level; r—Pearson product-moment correlation coefficient.

Overall, food intake influenced the inflammatory status under both changes in body
weight and body mass. As such, IL-6 value was significantly correlated with both polyun-
saturated fats (p = 0.0045, r = 0.27) and daily fiber intake (p = 0.0005, r = −0.33), while daily
sugar intake was significantly correlated with changes in serum parameters (p = 0.0186,
r = 0.226). Further, Vitamin A (p = 0.0489, r = −0.19), Vitamin C (p = 0.0181, r = −0.2272)
and Vitamin B1 (p = 0.0064, r = −0.2609) where all correlated to IL-6 concentration. With
one exception: calcium intake (p = 0.0389, r = −0.199), daily food intake failed to correlate
with IL-8 (p > 0.05), as further detailed in Table 5.

As cholesterol was higher, the serum concentration of total proteins (p = 0.0009,
r = 0.272) and body weight (p = 0.0192, r = 0.200) were as well higher. Yet, IL-6 was
significantly correlated to the sum of the skin folds (p = 0.0289, r = 0.187) along with both
serum proteins (p = 0.0192, r = 0.2006) and triglycerides (p = 0.015, r = 0.208). As expected,
the skin folds were significantly correlated to the body weight (p = 0.0203, r = 0.188) result
which confirms the existing relationship between food intake, body mass and body weight.

The skin folds were significantly correlated with the total caloric intake and with
total fat intake (p = 0.0015, r 0.297), next to saturated (p = 0.0005, r = −0.3221) and trans
fats (p = 0.0467, r = 0.188). Carbohydrate intake (p = 0.0259, r = 0.210) was correlated
with the body weight and with sugar intake (p = 0.0173, r = 0.224). Unlike the skin
folds, the body weight was significantly correlated with the caloric intake (p = 0.035,
r = 0.165) along with some vitamins, such as: Vitamin A (p = 0.0106, r = 0.234) and Vitamin
B12 (p = 0.0324, r = 0.197). Inactive mass increased with excessive folic Acid (p = 0.0101,
r = −0.235), Vitamin E (p = 0.0007, r = −0.306), Vitamin K (p = 0.0124, r = −0.229) and
saturated fats (p = 0.0287, r = 0.201).
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Table 5. Univariate analysis between micronutrient intake and blood sample results.

Micronutrient Intakes
(Median, Min to Max)

Laboratory Parameters (Median, Min to Max)

IL-6 (pg/mL)
(1.41, 0.05 to 5.98)

IL-8 (pg/mL)
(7.09, 0.72 to 38.9)

Cholesterol (mg/dL)
(144.7, 91.33 to 245.3)

Triglycerides mg/dL)
(49.46, 25.67 to 152.4)

Total Proteins (g/L)
(69.13, 59.71 to 76.41)

p r p r p r p r p r

Iron (mg/day):
15.2, 5.68 to 26.27 0.179 −0.130 0.213 0.120 0.838 0.019 0.062 0.179 0.154 −0.137

Calcium (mg/day):
14.06, 90.9 to 3530 0.285 −0.103 0.038 −0.199 0.092 −0.162 0.482 0.068 0.0001 −0.356

Magnesium (mg/day):
140.1, 56.7 to 313.1 0.047 −0.191 0.521 0.062 0.167 −0.133 0.192 0.126 0.040 −0.197

Phosphorus (mg/day):
641.1, 141.7 to 2094 0.335 −0.093 0.861 −0.017 0.163 −0.135 0.173 0.131 0.015 −0.232

Potassium (mg/day):
1713, 6936.3 to 3766 0.259 −0.109 0.395 0.082 0.018 −0.226 0.386 0.084 0.030 −0.208

Sodium (mg/day):
2868, 672.3 to 4493 0.384 −0.084 0.854 0.017 0.604 0.050 0.890 −0.013 0.0001 −0.366

Zinc (mg/day):
8.25, 0.195 to 240.7 0.582 0.053 0.067 0.176 0.5625 −0.056 0.005 0.265 0.493 −0.066

Selenium (mg/day):
8.60, 0 to 78.6 0.358 0.089 0.250 0.111 0.286 −0.103 0.371 0.086 0.158 −0.136

Vitamin A (µg/day):
677.2, 83.52 to 29,171 0.048 −0.19 0.984 0.001 0.012 −0.239 0.498 0.065 0.025 −0.215

Vitamin C (mg/day):
28.87, 0.6 to 12.24 0.018 −0.227 0.489 0.067 0.959 0.004 0.491 −0.066 0.051 −0.187

Vitamin B12 (µg/day):
1.21, 0 to 12.24 0.345 0.091 0.478 0.068 0.033 −0.205 0.021 0.221 0.536 −0.060

Vitamin B1 (mg/day):
0.93, 0.149 to 1.96 0.006 −0.260 0.056 −0.184 0.1844 −0.128 0.1647 0.134 0.002 −0.293

Vitamin B6 (mg/day):
0.98, 0.33 to 3.00 0.091 −0.163 0.195 0.125 0.301 −0.100 0.787 0.026 0.031 −0.206

Vitamin K (µg/day):
16.95, 0 to 489.5 0.0001 −0.404 0.134 −0.145 0.001 −0.303 0.2214 0.118 0.006 −0.261

Vitamin E (mg/day):
1.22, 0.118 to 8.07 0.002 −0.293 0.812 0.023 0.014 −0.234 0.1861 0.128 0.0001 −0.339

Folic Acid (µg/day):
7.2, 0 to 386.6 0.037 −0.200 0.359 0.088 0.574 −0.054 0.152 −0.138 0.066 −0.177

Min—minimum; Max—maximum; g/day—grams per day; pg/mL—Picograms per milliliter; mg/dL—milligrams per deciliter; mg/day—
miligrams per day; µg/day—micrograms per day; p—probability level; r—Pearson product-moment correlation coefficient.

4. Discussion
4.1. Basal Metabolic Rate vs. Daily Food Intake

In many situations, the information regarding the energy demand is obtained by
using equations. Through these, we notice that the differences between direct and indirect
methods do not differ most of the time by more than 5–10% [31,32], but there are exceptions
that can reach up to 40% differences [33]. In our case, the basal metabolism rate reached
a median of 1676 kcal versus 1376 kcal. These indicate a difference of almost 18%, with
higher measured values.

As in other papers [34,35], active muscle tissue increased the basal metabolic rate.
However, the decrease in energy requirements was not necessarily observed in our study
group due to obesity but rather due to the body weight. This result is opposite to Friedman
IM et al. [36]. Friedman IM et al. reported lower basal metabolic rate and changes in body
mass; this is why these differences are more related to body mass distribution, physical
activity level and gender.

Food intake has both an energy and a nutritional component, starting from the role
and the importance of each macronutrient. Even if there are important metabolic differ-
ences between carbohydrates, proteins and lipids, we cannot question the presence of one,
the lack of another and thus the body weight control [36]. In our paper, 906.1 kcal were
attributed to carbohydrate metabolism, equivalent to 54.06% of the energy demand. This
value covers the participant’s needs. However, we had cases in which the carbohydrate
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intake decreased. By dropping carbohydrate intake, the energy requirements increased. Un-
der these circumstances, Veldhorst MAB et al. [37] reported that gluconeogenesis increases
energy requirements by changes in protein turnover. On the other hand, simple carbohy-
drates increase the risk of positive changes in fat mass, as detailed by Sartorius K et al. [38]
who published similar changes with various clinical manifestations, such as the metabolic
syndrome, type II diabetes and various forms of vascular damage.

As against carbohydrates and fats, protein intake increases satiety. This is also the
reason why the energy intake decreases. According to Carbone JW et al. [39], an energy
restricted, but high protein intake can increase the active tissue and reduce the adipose
tissue, whereas Martens EA et al. [40] state that high protein intake can maintain energy ex-
penditure, as against lower protein intake. Somewhat similar, protein intake was correlated
with body mass in our paper. According to Westerterp-Plantenga et al. [41] by increasing
the protein intake, one can maintain a balanced body weight.

Dietary fats can have important roles in several metabolic disorders, while affecting in-
sulin resistance in normal weight individuals [42]. In our study, fat intake reached 72 grams
per day, equivalent to 673 kcal and almost 41% of the daily energy intake. However, the fat
intake failed to corelate with changes in body weight, similar to Beulen Y et al. [43]. In his
paper, fat intake increased energy expenditure and failed to increase the body weight over
a short–medium period of time. Further, in several studies’ fat intake brought minimal
changes in body fat mass [44,45]. This is also the reason why on many occasions’ fat intake
does not significantly influence body mass, as we have seen in our research.

4.2. Food Intake, Anthropometric Differences and Changes in Blood Samples

Daily energy intake influences anthropometric development and various serum bio-
chemical parameters. As seen in our results, micronutrients can influence the inflammatory
status, starting from changes in body weight usually related to macronutrients and en-
ergy intake.

In the current research, the energy intake failed to correlate to serum cholesterol,
triglycerides next to both IL-6 and IL-8. Furthermore, the macronutrients failed to cor-
relate with serum parameters. The only exceptions are the carbohydrates next to the
proteins, which were statistically significantly correlated with total serum proteins, unlike
Praveen S et al. [46]. Therefore, a higher carbohydrate intake was related to lower pro-
tein consumption and lower body weight, similar to Bopp MJ et al. [47], unlike Nabuco
HCG [48], which obtained a drop in serum proteins based on high carbohydrate but normal
protein intake. These comparisons can also be described by the glycogenosis process, where
the protein turnover is altered. As to fat intake, the resulting cholesterol by using trans-fatty
acids were significantly correlated to both serum cholesterol and triglycerides, without an
influence on IL-6 and IL-8 concentrations, similar to Koga N et al. [49].

Inflammatory status will change with body mass, but not with daily food intake. Yet,
saturated fats failed to correlate, whereas polyunsaturated fats were negatively correlated,
which shows us that quality fats can decrease the inflammatory status. However, during a
short-term period, fat intake failed to influence the inflammatory status as described by
Telle-Hansen VH et al. [50] in a review paper. The carbohydrates increase the risk of obesity,
while normal protein and fat intake can maintain the energy expenditure and therefore the
health condition. Yet, sugars, trans-fatty acids, cholesterol and unsaturated fats can easily
increase the cholesterol, triglycerides and subsequently, through the energetic substrate,
the body weight with potential on the inflammatory status as seen in our paper.

Unexpected, micronutrients influence the serum changes discussed earlier. Most
likely, the main changes are secondary to food intake, which can provide a smaller or
larger amount of each micronutrient. Therefore, the daily calcium intake was signifi-
cantly correlated to both IL-8 and serum proteins. An increased intake of calcium lim-
ited IL-8 concentration whereas being related to serum proteins. However, according
to Hendy GN et al. [51] the cytokines contribute to altered calcium homeostasis, which
further is related to daily intake. Magnesium was correlated to IL-6 and serum proteins,
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reflecting the fact that the higher the nutritional intake, the lower the risk of inflammatory
status. As such Moslehi N et al. [52] studied the relationships between serum magnesium
and the inflammatory markers, without reaching a significantly attenuate inflammatory
state following 8 weeks period. Similar results are seen for vitamin A, B, B12, B1, B6, which
were all correlated negatively with IL-6, IL-8 and serum lipid components. In several re-
search papers [53–57], both vitamins and minerals were used to attenuate the inflammatory
state. Yet, few of them managed to reduce the inflammatory status by using different
micronutrients in various serving quantities. Many of them failed to demonstrate that
micronutrients could positively influence the inflammatory status. However, based on the
body weight changes, we can see that the daily intake can be related to the state.

By implementing the study protocol, we managed to analyze the anthropometric
development of young individuals aged between 6 and 12 years old. The anthropometric
study and its conclusions have a different connotation by its relationship with the daily
food intake and the basal metabolic rate. Based on our study outcome, one can observe
that there are limited statistical relationships between the macronutrient intake and body
weight. A series of more important relationships were rather seen between caloric intake
and body mass. We measured changes in body mass under fat intake, namely due to a
higher saturated fat. The result was similar if significant amounts of simple carbohydrates
were consumed, which limited the intake of various micronutrients. Overall, replacing
processed foods with high nutrients products reduced the risk of dyslipidemia and the risk
of changes in both IL-6 and IL-8 by less important changes in body mass.

Nevertheless, we further mention a number of limitations of the current research. The
most important limitation is the study sample. This sample allows us to observe functional
changes, while an exact conclusion is formulated by studying a larger sample. However,
this research proposed a punctual analysis of energy metabolism, food intake and blood
sample parameters. Among the blood tests, future research should include IL-4, IL-10
and IL-13, which we did not use, to draw conclusions that are more accurate on a larger
group of participants. It also becomes important to sample the study group, based on the
anthropometric data.

5. Conclusions

Each macronutrient has an important role in anthropometric development and health.
In our study, the inflammatory status was influenced by the ingestion of micronutrients,
total serum lipids and serum total protein unlike macronutrients. The anthropometric
development was associated with the ingestion of carbohydrates, energy balance and
energy intake. Specifically, there were no positive differences in carbohydrate intake by
increasing sugar consumption compared to the energy and the nutritional needs. Further-
more, the intake of foods containing protein and lipids favored an increased cholesterol
and serum triglycerides values, with positive changes in body weight, body mass and IL-6,
but without significant changes in IL-8.

We can conclude that daily menu and nutrition imbalances can influence both the
risk of obesity, which can, therefore, increase the inflammatory status and the risk of
several nutritional and anthropometric health related issues, which are usually seen in
both adolescents and adult groups with changes in body weight.
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15. Smykiewicz, P.; Segiet, A.; Keag, M.; Żera, T. Proinflammatory cytokines and ageing of the cardiovascular-renal system. Mech

Ageing Dev. 2018, 175, 35–45. [CrossRef]
16. Zhu, J.-Z.; Yi, H.-W.; Huang, W.; Pang, T.; Zhou, H.-P.; Wu, X.-D. Fatty liver diseases, mechanisms, and potential therapeutic plant

medicines. Chin. J. Nat. Med. 2020, 18, 161–168. [CrossRef]
17. Morton, G.J.; Meek, T.H.; Schwartz, M.W. Neurobiology of food intake in health and disease. Nat. Rev. Neurosci. 2014, 15, 367–378.

[CrossRef] [PubMed]
18. Physiological Responses to Food Intake throughout the Day. Available online: https://www.researchgate.net/publication/2611

02019 (accessed on 15 April 2021).
19. Hopkins, M.; Blundell, J.; Halford, J.; King, N.; Finlayson, G. The Regulation of Food Intake in Humans. In Endotext; Feingold, K.R.,

Anawalt, B., Boyce, A., Chrousos, G., de Herder, W.W., Dhatariya, K., Dungan, K., Grossman, A., Hershman, J.M., Hofland, J., et al.,
Eds.; MDText.com, Inc.: South Dartmouth, MA, USA, 2000. Available online: http://www.ncbi.nlm.nih.gov/books/NBK278931/
(accessed on 15 April 2021).

20. Balliett, M.; Burke, J.R. Changes in anthropometric measurements, body composition, blood pressure, lipid profile, and testos-
terone in patients participating in a low-energy dietary intervention. J. Chiropr. Med. 2013, 12, 3–14. [CrossRef]

21. Alam, I.; Larbi, A.; Pawelec, G.; Paracha, P.I. Relationship between anthropometric variables and nutrient intake in apparently
healthy male elderly individuals: A study from Pakistan. Nutr. J. 2011, 10, 111. [CrossRef]

22. Peckmezian, T.; Hay, P. A systematic review and narrative synthesis of interventions for uncomplicated obesity: Weight loss,
well-being and impact on eating disorders. J. Eat. Disord. 2017, 5, 15. [CrossRef]

http://doi.org/10.1080/16549716.2017.1289650
http://doi.org/10.3390/nu12092723
http://doi.org/10.1177/0884533612454884
http://www.ncbi.nlm.nih.gov/pubmed/23042833
http://doi.org/10.1016/S0301-0546(03)79285-4
http://doi.org/10.4162/nrp.2010.4.6.449
http://www.ncbi.nlm.nih.gov/pubmed/21286401
http://doi.org/10.3109/07853890.2012.671537
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6320919/
http://doi.org/10.1016/j.jacc.2006.03.052
http://doi.org/10.1017/S0007114515002093
http://doi.org/10.3389/fimmu.2018.01055
http://doi.org/10.1155/2013/139239
http://doi.org/10.1186/s12974-018-1096-6
http://doi.org/10.1016/j.metabol.2007.11.023
http://doi.org/10.1016/j.mad.2018.07.006
http://doi.org/10.1016/S1875-5364(20)30017-0
http://doi.org/10.1038/nrn3745
http://www.ncbi.nlm.nih.gov/pubmed/24840801
https://www.researchgate.net/publication/261102019
https://www.researchgate.net/publication/261102019
http://www.ncbi.nlm.nih.gov/books/NBK278931/
http://doi.org/10.1016/j.jcm.2012.11.003
http://doi.org/10.1186/1475-2891-10-111
http://doi.org/10.1186/s40337-017-0143-5


Int. J. Environ. Res. Public Health 2021, 18, 5635 12 of 13

23. De la Fuente-Arrillaga, C.; Martinez-Gonzalez, M.A.; Zazpe, I.; Vazquez-Ruiz, Z.; Benito-Corchon, S.; Bes-Rastrollo, M. Glycemic
load, glycemic index, bread and incidence of overweight/obesity in a Mediterranean cohort: The SUN project. BMC Public Health
2014, 14, 1091. [CrossRef]

24. Rautiainen, S.; Wang, L.; Lee, I.-M.; Manson, J.E.; Buring, J.E.; Sesso, H.D. Higher Intake of Fruit, but Not Vegetables or Fiber, at
Baseline Is Associated with Lower Risk of Becoming Overweight or Obese in Middle-Aged and Older Women of Normal BMI at
Baseline. J. Nutr. 2015, 145, 960–968. [CrossRef]

25. He, K.; Hu, F.B.; Colditz, G.A.; Manson, J.E.; Willett, W.C.; Liu, S. Changes in intake of fruits and vegetables in relation to risk
of obesity and weight gain among middle-aged women. Int. J. Obes. Relat. Metab. Disord. J. Int. Assoc. Study Obes. 2004, 28,
1569–1574. [CrossRef] [PubMed]

26. Schlesinger, S.; Neuenschwander, M.; Schwedhelm, C.; Hoffmann, G.; Bechthold, A.; Boeing, H.; Schwingshackl, L. Food Groups
and Risk of Overweight, Obesity, and Weight Gain: A Systematic Review and Dose-Response Meta-Analysis of Prospective
Studies. Adv. Nutr. 2019, 10, 205–218. [CrossRef] [PubMed]

27. Ability of the Harris Benedict Formula to Predict Energy Requirements Differs with Weight History and Ethnicity. Available
online: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2598419/ (accessed on 12 April 2021).

28. Davidson, L.E.; Wang, J.; Thornton, J.C.; Kaleem, Z.; Silva-Palacios, F.; Pierson, R.N.; Heymsfield, S.B.; Gallagher, D. Predicting
Fat Percent by Skinfolds in Racial Groups: Durnin and Womersley Revisited. Med. Sci. Sports Exerc. 2011, 43, 542–549. [CrossRef]
[PubMed]

29. Defining Childhood Obesity. Overweight & Obesity. CDC. Published . 24 July 2019. Available online: https://www.cdc.gov/
obesity/childhood/defining.html (accessed on 15 April 2021).

30. FoodData Central. Available online: https://fdc.nal.usda.gov/ (accessed on 21 April 2021).
31. Stubelj, M.; Teraž, K.; Vatovec, T.P. Predicting Equations and Resting Energy Expenditure Changes in Overweight Adults. Zdr.

Varst. 2020, 59, 33–41. [CrossRef]
32. Anderegg, B.A.; Worrall, C.; Barbour, E.; Simpson, K.N.; DeLegge, M. Comparison of resting energy expenditure prediction

methods with measured resting energy expenditure in obese, hospitalized adults. J. Parenter. Enteral Nutr. 2009, 33, 168–175.
[CrossRef]

33. Amaro-Gahete, F.J.; Jurado-Fasoli, L.; De-la-O, A.; Gutierrez, Á.; Castillo, M.J.; Ruiz, J.R. Accuracy and Validity of Resting Energy
Expenditure Predictive Equations in Middle-Aged Adults. Nutrients 2018, 10, 1635. [CrossRef]

34. Periasamy, M.; Herrera, J.L.; Reis, F.C.G. Skeletal Muscle Thermogenesis and Its Role in Whole Body Energy Metabolism. Diabetes
Metab. J. 2017, 41, 327–336. [CrossRef] [PubMed]

35. Gavini, C.K.; Mukherjee, S.; Shukla, C.; Britton, S.L.; Koch, L.G.; Shi, H.; Novak, C.M. Leanness and heightened nonresting energy
expenditure: Role of skeletal muscle activity thermogenesis. Am. J. Physiol. Endocrinol. Metab. 2014, 306, E635–E647. [CrossRef]

36. Friedman, M.I.; Appel, S. Energy expenditure and body composition changes after an isocaloric ketogenic diet in overweight and
obese men: A secondary analysis of energy expenditure and physical activity. PLoS ONE 2019, 14, e0222971. [CrossRef]

37. Veldhorst, M.A.B.; Westerterp-Plantenga, M.S.; Westerterp, K.R. Gluconeogenesis and energy expenditure after a high-protein,
carbohydrate-free diet. Am. J. Clin. Nutr. 2009, 90, 519–526. [CrossRef] [PubMed]

38. Sartorius, K.; Sartorius, B.E.; Madiba, P.T.; Stefan, C. Does high-carbohydrate intake lead to increased risk of obesity? A systematic
review and meta-analysis. BMJ Open. 2018, 8. [CrossRef]

39. Carbone, J.W.; Pasiakos, S.M. Dietary Protein and Muscle Mass: Translating Science to Application and Health Benefit. Nutrients
2019, 11, 1136. [CrossRef] [PubMed]

40. Martens, E.A.; Gonnissen, H.K.; Gatta-Cherifi, B.; Janssens, P.L.; Westerterp-Plantenga, M.S. Maintenance of energy expenditure
on high-protein vs. high-carbohydrate diets at a constant body weight may prevent a positive energy balance. Clin. Nutr. Edinb.
Scotl. 2015, 34, 968–975. [CrossRef]

41. Westerterp-Plantenga, M.S. Protein intake and energy balance. Regul. Pept. 2008, 149, 67–69. [CrossRef] [PubMed]
42. Riccardi, G.; Giacco, R.; Rivellese, A.A. Dietary fat, insulin sensitivity and the metabolic syndrome. Clin. Nutr. Edinb. Scotl. 2004,

23, 447–456. [CrossRef]
43. Beulen, Y.; Martínez-González, M.A.; van de Rest, O.; Salas-Salvadó, J.; Sorlí, J.V.; Gómez-Gracia, E.; Fiol, M.; Estruch, R.; Santos-

Lozano, J.M.; Schröder, H.; et al. Quality of Dietary Fat Intake and Body Weight and Obesity in a Mediterranean Population:
Secondary Analyses within the PREDIMED Trial. Nutrients 2018, 10, 2011. [CrossRef]

44. Hooper, L.; Abdelhamid, A.; Bunn, D.; Brown, T.; Summerbell, C.D.; Skeaff, C.M. Effects of total fat intake on body weight.
Cochrane Database Syst. Rev. 2015, 8, CD011834. [CrossRef]

45. Othman, F.; Mohamad Nor, N.S.; Appannah, G.; Zaki, N.A.M.; Ambak, R.; Omar, A.; Fazliana, M.; Salleh, R.; Yusof, B.N.M.;
Muksan, N.; et al. Prediction of body fat loss in relation to change in nutrient intake among housewives participating in the
MyBFF@home study. BMC Women Health 2018, 18, 102. [CrossRef]

46. Comparative Analysis of Serum Levels of Total Carbohydrates and Protein Linked Carbohydrates in Normal and Diabetic
Individuals. Available online: https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=
crawler&jrnl=0973709X&AN=136644015&h=TGKOG5cIqTzHt69YiGuXs3e%2fVsyLZpPT9vM2HMIunwHhM%2beAGOuE4
I%2fQCbBlkfz%2bQWhJDVSJm00XxXkB7WVahA%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&
crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d0973709X%
26AN%3d136644015 (accessed on 15 April 2021).

http://doi.org/10.1186/1471-2458-14-1091
http://doi.org/10.3945/jn.114.199158
http://doi.org/10.1038/sj.ijo.0802795
http://www.ncbi.nlm.nih.gov/pubmed/15467774
http://doi.org/10.1093/advances/nmy092
http://www.ncbi.nlm.nih.gov/pubmed/30801613
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2598419/
http://doi.org/10.1249/MSS.0b013e3181ef3f07
http://www.ncbi.nlm.nih.gov/pubmed/20689462
https://www.cdc.gov/obesity/childhood/defining.html
https://www.cdc.gov/obesity/childhood/defining.html
https://fdc.nal.usda.gov/
http://doi.org/10.2478/sjph-2020-0005
http://doi.org/10.1177/0148607108327192
http://doi.org/10.3390/nu10111635
http://doi.org/10.4093/dmj.2017.41.5.327
http://www.ncbi.nlm.nih.gov/pubmed/29086530
http://doi.org/10.1152/ajpendo.00555.2013
http://doi.org/10.1371/journal.pone.0222971
http://doi.org/10.3945/ajcn.2009.27834
http://www.ncbi.nlm.nih.gov/pubmed/19640952
http://doi.org/10.1136/bmjopen-2017-018449
http://doi.org/10.3390/nu11051136
http://www.ncbi.nlm.nih.gov/pubmed/31121843
http://doi.org/10.1016/j.clnu.2014.10.007
http://doi.org/10.1016/j.regpep.2007.08.026
http://www.ncbi.nlm.nih.gov/pubmed/18448177
http://doi.org/10.1016/j.clnu.2004.02.006
http://doi.org/10.3390/nu10122011
http://doi.org/10.1002/14651858.CD011834
http://doi.org/10.1186/s12905-018-0594-0
https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=0973709X&AN=136644015&h=TGKOG5cIqTzHt69YiGuXs3e%2fVsyLZpPT9vM2HMIunwHhM%2beAGOuE4I%2fQCbBlkfz%2bQWhJDVSJm00XxXkB7WVahA%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d0973709X%26AN%3d136644015
https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=0973709X&AN=136644015&h=TGKOG5cIqTzHt69YiGuXs3e%2fVsyLZpPT9vM2HMIunwHhM%2beAGOuE4I%2fQCbBlkfz%2bQWhJDVSJm00XxXkB7WVahA%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d0973709X%26AN%3d136644015
https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=0973709X&AN=136644015&h=TGKOG5cIqTzHt69YiGuXs3e%2fVsyLZpPT9vM2HMIunwHhM%2beAGOuE4I%2fQCbBlkfz%2bQWhJDVSJm00XxXkB7WVahA%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d0973709X%26AN%3d136644015
https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=0973709X&AN=136644015&h=TGKOG5cIqTzHt69YiGuXs3e%2fVsyLZpPT9vM2HMIunwHhM%2beAGOuE4I%2fQCbBlkfz%2bQWhJDVSJm00XxXkB7WVahA%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d0973709X%26AN%3d136644015
https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=0973709X&AN=136644015&h=TGKOG5cIqTzHt69YiGuXs3e%2fVsyLZpPT9vM2HMIunwHhM%2beAGOuE4I%2fQCbBlkfz%2bQWhJDVSJm00XxXkB7WVahA%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d0973709X%26AN%3d136644015


Int. J. Environ. Res. Public Health 2021, 18, 5635 13 of 13

47. Bopp, M.J.; Houston, D.K.; Lenchik, L.; Easter, L.; Kritchevsky, S.B.; Nicklas, B.J. Lean Mass Loss Is Associated with Low Protein
Intake during Dietary-Induced Weight Loss in Postmenopausal Women. J. Am. Diet. Assoc. 2008, 108, 1216–1220. [CrossRef]

48. Nabuco, H.C.; Tomeleri, C.M.; Sugihara Junior, P.; dos Reis Fernandes, R.; Cavalcante, E.F.; Antunes, M.; Burini, R.C.; Venturini,
D.; Barbosa, D.S.; Silva, A.M.; et al. Lower protein and higher carbohydrate intake are related with altering metabolic syndrome
components in elderly women: A cross-sectional study. Exp. Gerontol. 2018, 103, 132–137. [CrossRef]

49. Koga, N.; Ogura, J.; Yoshida, F.; Hattori, K.; Hori, H.; Aizawa, E.; Ishida, I.; Kunugi, H. Altered polyunsaturated fatty acid levels
in relation to proinflammatory cytokines, fatty acid desaturase genotype, and diet in bipolar disorder. Transl. Psychiatry 2019, 9,
1–9. [CrossRef]

50. Telle-Hansen, V.H.; Christensen, J.J.; Ulven, S.M.; Holven, K.B. Does dietary fat affect inflammatory markers in overweight and
obese individuals?—A review of randomized controlled trials from 2010 to 2016. Genes Nutr. 2017, 12. [CrossRef]

51. Hendy, G.N.; Canaff, L. Calcium-sensing receptor, proinflammatory cytokines and calcium homeostasis. Semin. Cell Dev. Biol.
2016, 49, 37–43. [CrossRef]

52. Moslehi, N.; Vafa, M.; Rahimi-Foroushani, A.; Golestan, B. Effects of oral magnesium supplementation on inflammatory markers
in middle-aged overweight women. J. Res. Med. Sci Off. J. Isfahan Univ. Med. Sci. 2012, 17, 607–614.

53. Ghishan, F.K.; Kiela, P.R. Vitamins and minerals in IBD. Gastroenterol. Clin. N. Am. 2017, 46, 797–808. [CrossRef]
54. Yin, K.; Agrawal, D.K. Vitamin D and inflammatory diseases. J. Inflamm. Res. 2014, 7, 69–87. [CrossRef]
55. Pecora, F.; Persico, F.; Argentiero, A.; Neglia, C.; Esposito, S. The Role of Micronutrients in Support of the Immune Response

against Viral Infections. Nutrients 2020, 12, 3198. [CrossRef]
56. Zavala, G.; Long, K.Z.; García, O.P.; del Carmen Caamaño, M.; Aguilar, T.; Salgado, L.M.; Rosado, J.L. Specific micronutrient

concentrations are associated with inflammatory cytokines in a rural population of Mexican women with a high prevalence of
obesity. Br. J. Nutr. 2013, 109, 686–694. [CrossRef]

57. El-Zayat, S.R.; Sibaii, H.; Mannaa, F.A. Micronutrients and many important factors that affect the physiological functions of
toll-like receptors. Bull. Natl. Res. Cent. 2019, 43, 123. [CrossRef]

http://doi.org/10.1016/j.jada.2008.04.017
http://doi.org/10.1016/j.exger.2018.01.013
http://doi.org/10.1038/s41398-019-0536-0
http://doi.org/10.1186/s12263-017-0580-4
http://doi.org/10.1016/j.semcdb.2015.11.006
http://doi.org/10.1016/j.gtc.2017.08.011
http://doi.org/10.2147/JIR.S63898
http://doi.org/10.3390/nu12103198
http://doi.org/10.1017/S0007114512001912
http://doi.org/10.1186/s42269-019-0165-z

	Introduction 
	Materials and Methods 
	Study Design 
	Study Participants 
	Test Applied 
	Basal Metabolic Rate (BMR) 
	Anthropometric Measurements 
	Blood Samples 
	Daily Food Intake 
	Statistical Evaluation 

	Results 
	Demographic Analysis 
	Basal Metabolic Rate—Energy Expenditure 
	Nutritional Intake 
	Daily Food Intake: Calories, Nutrients and Influence over the Blood Samples 

	Discussion 
	Basal Metabolic Rate vs. Daily Food Intake 
	Food Intake, Anthropometric Differences and Changes in Blood Samples 

	Conclusions 
	References

