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Abstract: (1) Background: Military personnel worldwide exhibit high rates of obesity. Obesity,
and especially visceral obesity, contribute to various health issues, including type 2 diabetes and
cardiovascular diseases (CVD). While BMI is commonly used to diagnose obesity, it has limitations
and does not consider factors like fat distribution or muscle mass. This study aims to assess the
relationship between BMI, percent body fat, waist circumference (WC), waist-to-height ratio (WHtR),
and cardiovascular risk factors in Polish military flying personnel. Methods: This study involved
200 men from the Polish Air Force aged 38.8 £ 8.5 years. Anthropometric tests, body composition
tests, and tests of biochemical markers of CVD were conducted. (2) Results: The prevalence of
overweight and obesity varied based on the evaluation criterion; they were present in 63.5% of
soldiers by BMI and in 52.5% by percent body fat; abdominal obesity was present in almost half
(47%) of the surveyed soldiers according to WC and in 62.5% according to WHtR. All markers of
obesity correlated positively with various biochemical markers of CVD, and 8.5% of subjects met
the criteria for metabolic syndrome. (3) Conclusions: The prevalence of obesity in Polish military
flying personnel, regardless of the evaluation criterion, is associated with significant metabolic
complications in the form of lipid disorders and insulin resistance.

Keywords: obesity; cardiovascular disease; soldiers; military flying personnel; Polish Army; national
security

1. Introduction

Obesity is recognized by the World Health Organization (WHO) as an epidemic of the
21st century. It is considered a major public health problem and the fifth most important
cause of death worldwide [1]. Studies have shown an alarmingly high prevalence of
excessive body weight among soldiers all over the world. Soldiers fulfilling the criteria of
obesity constitute 8% in the US Army [2], 10% in the French Army [3], 12% in the British
Army [4], 13% in the Iranian Army (13%) [5], and from 3% among cadets [6] to 17% among
soldiers in the Polish Army [6-8]. An even higher percentage of soldiers with excessive

Copyright: © 2023 by the authors.

, _ body weight was found in the Saudi Arabian Army, where obesity was diagnosed in 44% of
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soldiers [9]. Excessive weight in soldiers can lead to the development of many dangerous
diseases that can affect national security. In our earlier manuscript, we demonstrated that
among Polish soldiers, the main risk factors for obesity were age over 40 years, too little
Attribution (CC BY) license (https://  Si€€p (less than 6 h), reaching for food in stressful situations, having an obese mother, not
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40/). front of the television [7].
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Obesity, especially visceral obesity, contributes to the development of type 2 diabetes,
insulin resistance, cancer, osteoarthritis, sleep apnea, and cardiovascular disease (CVD),
such as hypertension, coronary heart disease, heart failure, supraventricular ventricu-
lar arrhythmias, and dyslipidemia [10,11]. It also increases the risk of sudden cardiac
death [12-14].

Adipokine interactions, insulin resistance (IR), chronic inflammation, and increased
blood clotting are known to contribute to the development of cardiovascular disease in
obese individuals [15,16]. IR can promote atherogenesis and CVD via multiple mecha-
nisms, including changes in classic CVD risk factors and downregulation of the insulin
signaling pathways in different target tissues [17]. It is widely accepted that professional
soldiers should not have CVD. However, even with careful selection for physical fitness
and overall health, they are not free from CVD risk factors [18,19]. Metabolic effects of
visceral fat and adipose tissue located adjacent to the heart and blood vessels also play an
important role [20,21]. Additionally, the current literature highlights the positive effects of
ghrelin on the cardiovascular system, as it improves endothelial function by increasing the
bioavailability of nitric oxide [22].

In diagnosing obesity, the most commonly used marker is the body mass index (BMI),
which is calculated by dividing body weight (kg) by height squared (m?), according to
WHO criteria [23] (accessed on 20 March 2023). Overweight is diagnosed when the BMI
is between 25 and 29.9 kg/m? (the so-called pre-obesity state), and obesity is diagnosed
with a BMI > 30 kg/ m?. While this index is widely used around the world because of its
simplicity of use, it has many limitations. The interpretation of BMI values in adults does
not depend on age or gender, and it does not reflect the content or distribution of body fat
(subcutaneous, visceral), the ratio of body fat to muscle tissue, or hydration status. It is
well known that the effect of increased BMI may be related to expanded muscle mass (so-
called muscular overweight), which is relatively common among soldiers [24-26]. Taken
together, the determination of BMI alone is insufficient to estimate the impact of obesity
on health. The other measures used to determine obesity are waist circumference (WC)
and waist-hip ratio (WHR); they are used to discriminate visceral adiposity from simple
obesity [27]. Nonetheless, WC does not account for differences in height, and it could thus
lead to overestimation or underestimation of risk for tall and short individuals, respectively.
Moreover, the WHR might be inaccurate in persons who have lost weight [28].

The waist-to-height ratio (WHtR) is an alternative measurement of visceral fat. A
systematic review published in 2010 concluded that WHtR may be advantageous be-
cause it avoids the need for age-, sex-, and ethnicity-specific values [28]. Higher WH{R
values > 0.5 indicate a higher risk of obesity-related diseases (mainly related to abdomi-
nal obesity) [29]. WHIR, like waist circumference, correlates strongly with abdominal fat
content, as measured by imaging methods [30]. It has also been shown that there is not
so much an influence but a correlation of this index with the risk of other diseases and
risks, such as myocardial infarction, stroke, and mortality from ischemic heart disease.
Values > 0.5 indicate an increased risk of cardiovascular disease and diabetes [27,31]. In
longitudinal studies, this indicator better illustrates the risk of morbidity and mortality
than BMI [32].

Hence, the aim of the presented study was to evaluate the relationship between
BMI, body fat content, waist circumference, and waist-to-height ratio and parameters of
carbohydrate, lipid, and hormone metabolism, as well as insulin resistance, which are
cardiovascular risk factors in Polish military flying personnel. Additionally, we evaluated
to what degree the method used to determine overweight and obesity affects the values of
the cardiovascular risk factors.

2. Materials and Methods
2.1. Participants

This study included 200 men (mean age 37.8 £ 8.5 years) who are members of the
active military flying personnel of the Polish Air Force who took part in the National
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Health Programme 20162020 Project. They were individuals who consecutively reported
for mandatory annual anthropometric examinations to the Laboratory of Dietetics and
Obesity Treatment as part of routine adjudicatory and medical examinations at the Military
Institute of Aviation Medicine in Warsaw, Poland. They expressed a desire to participate
in additional examinations carried out as part of the National Health Program 2016-2020.
All of them had current fitness to fly certificates given by the Aeromedical Board (i.e.,
they were healthy). All procedures were conducted in September—-November 2018. All
procedures were approved by the Institutional Review Board of the Military Institute of
Aviation Medicine, Warsaw, Poland (decision No. 01/2018 of 9 March 2018), and this
study was performed in accordance with the ethical standards as laid down in the 1964
Declaration of Helsinki and its later amendments or comparable ethical standards. All
participants signed informed consent forms.

2.2. Assessment of Nutritional Status

The degree of overweight and obesity was assessed according to the body mass
index (BMI) according to the World Health Organization (WHO) criteria [23] (accessed
on 20 March 2023). Body mass, percent body fat content (PBF) (defined as the percent of
contribution of fat mass to the mass of the body), fat mass, muscle mass, and fat-free mass
were measured using the bioelectrical impedance method with the Inbody 370 analyzer
(InBody, Tokyo, Japan).

According to a publication by Gallagher et al. [33], 8-20% body fat content in men
was considered the normal and optimal range. Underweight was diagnosed at a body
fat content of less than 8%, and overweight was diagnosed at 21-25% body fat content.
The body fat content characteristic of obesity was diagnosed at values above 25%. Waist
circumference (WC) was measured with a non-stretchable standard tape over the unclothed
abdomen at the smallest diameter between the costal margin and the iliac crest, according to
International Diabetes Federation guidelines; abdominal obesity was diagnosed in subjects
when the waist circumference (WC) was >94 cm [34]. However, in the 2001 National
Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III) guidelines,
abdominal obesity was defined as a WC >102 cm in males [35]. It should be noted that in
many countries there are three stages of abdominal obesity: 94-102 cm and >102cm for
abdominal obesity [36].

The waist-to-height ratio (WHtR) was also calculated. WHIR is defined as waist
circumference divided by height; body height was measured with a Harpenden Anthro-
pometer (Holtain Ltd., Crosswell, Crymych, UK) to the nearest 1 mm in a standing, upright
position without shoes. Physical measurements, including weight, standing height, and
the circumferences of the waist and hips, were carried out according to standard protocol
by trained assistants. Smoking habits were determined by self-questionnaires.

2.3. Laboratory Tests

All examinations were performed on soldiers after an overnight fast. Blood samples
were taken in the morning around 7 o’clock. Concentrations of the following biochemical
markers were determined using standard methods:

- Total cholesterol (TC) (enzymatic-colorimetric method using a Cobas Integra 400 plus
analyzer (Roche Diagnostics, Warsaw, Poland). Values < 190 mg/dl were taken as
the norm.

- Triglycerides (TG) (enzyme-colorimetric method using a Cobas Integra 400 plus ana-
lyzer). Values of <150 mg/dl were taken as the norm.

- Low-density lipoproteins (LDL-C) (parameter calculated according to the Friedewald
formula). Values < 115 mg/dl were taken as the norm.

- High-density lipoproteins (HDL-C) (enzyme-colorimetric method using a Cobas Inte-
gra 400 plus analyzer).

- Glucose (enzymatic method with hexokinase using a Cobas Integra 400 plus analyzer).
Values < 99 mg/dl were taken as the norm.
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- Insulin (ECLIA electrochemiluminescence method using a Cobas e 411 analyzer).
Values of 2.6-24.9 ulU/mL were taken as the norm.
- Ghrelin (ELISA method using an ETI-Max 3000 analyzer; DiaSorin S.p.A., Saluggia, Italia).

Insulin resistance was diagnosed based on the insulin resistance index Homa-IR
(Homeostatic Model Assessment) using the following formula [37]:

HOMA = [fasting insulinemia (mU/mL) X fasting blood glucose (mmol/L)]/22.5, using > 2.5 as cutoff values

Blood pressure was checked by an internal medicine physician. All of the studied soldiers
had blood pressures within the normal range. Nevertheless, it should be noted that we
cannot exclude cases of treating hypertension outside the military health service and not
informing the air medical board of this fact for fear of not receiving a positive opinion from
the medical examiner.

Based on the results of these tests, the percentage of soldiers meeting the criteria for
metabolic syndrome (waist circumference > 102 cm or BMI > 30 kg/ m? and, at the same
time, fasting glucose > 100 mg/dl and non-HDL cholesterol > 130 mg/dl, where non-HDL
cholesterol = total cholesterol — HDL cholesterol) [38] was calculated.

The results of the above tests were compared according to the eligibility criteria for
overweight and obesity, both by (1) BMI, (2) body fat percentage, and (3) waist circum-
ference. In addition, the results of laboratory tests were compared with reference ranges
and presented as the percentage of subjects with out-of-normal parameters, according to
BMI and percent body fat. The latter is due to the fact that the effect of increased BMI may
be related to expanded muscle mass (so-called muscular overweight), which is relatively
common among soldiers [24-26].

2.4. Statistical Analysis

The results for quantitative variables were presented in the form of descriptive statistics
(abundance, mean, standard deviation, and median) and, for qualitative variables, in the
form of frequencies and graphs. For comparative analyses between groups (nutritional
status by BMI, body fat, and waist circumference), chi? and Kruskal-Wallis tests were used.
If the Kruskal-Wallis test confirmed differences between groups, multiple comparisons of
mean ranks were then used for all groups. Relationships between variables were checked
using the Spearman correlation. A statistical significance value of p < 0.05 was assumed,
and the normality of distributions was checked using the Shapiro-Wilk test. All analyses
were performed using STATISTICA version 13.0 PL software.

3. Results

The main demographic variables are presented in Table 1. Among the subjects, 10.5%
declared that they smoked tobacco. The criteria for metabolic syndrome in the study group
were met by 17 soldiers (8.5%).

As expected, the prevalence of overweight and obesity in the surveyed soldiers differed
according to the evaluation criterion (see Figure 1). As an illustration, the number of
soldiers at normal weight was underestimated by about 30%; it is the relative difference
in prevalence of normal weight, when using BMI (36.5%) and percent body fat content
(47.5%), scaled to the prevalence of normal weight for BMI (36.5%), in percent.

Abdominal obesity, on the other hand, was present in almost half (47%) of the surveyed
soldiers according to WC, and in 62.5% according to WHtR (Figure 2). However, it should
be noted that the personnel with diagnosed obesity according to BMI were significantly
older (p < 0.001) compared to overweight and normal weight subjects. This relationship
was not observed between groups defined according to percent body fat (p > 0.05) (Table 2).
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Table 1. Results of anthropometric measurements and body composition analysis of subjects divided
into groups according to BMI (N = 200).

Total Normal Overweight Obese
Variables (N = 200) (N =73) (N=92) (N =35) p-Value
X (SD) Me Min-Max X (SD) Me X (SD) Me X (SD) Me

Age (years) 37.8 (8.5) 38.0 23.0-59.0 34.6 (8.3) 32.0 38.3 (8.0) 38.0 43.3 (7.0) 43.0 <0.001

Height (cm) 1782 (64)  178.0 156.0-193.0  177.0(75)  178.0 179.2 (5.9) 180.0 1779 (45 1775 0118
Weight (kg) ~ 85.1(134) 855 53.9-125.2 72.9 (8.9) 73.9 87.9 (6.9) 87.5 1032(8.8) 1022  <0.001
BMI (kg/m?) 267 (3.7) 26.6 19.1-40.0 23.2 (1.5) 235 27.3 (1.3) 27.3 326 (2.8) 315  <0.001
TBW (kg) 49.1 (6.4) 499 31.2-64.0 447 (6.2) 463 50.9 (4.9) 50.6 53.6 (4.4) 538  <0.001
FM (kg) 18.2 (7.8) 16.5 5.8-52.0 12.0 (2.8) 115 18.5 (4.4) 185 302 (7.3) 286  <0.001
PBE (%) 20.8 (6.2) 20.6 8.1-41.6 16.6 (3.9) 16.8 21.0 (4.7) 21.3 29.0 (5.2) 284 <0.001
Visceral fat 7.4 (3.4) 7.0 1.0-20.0 45(1.6) 40 7.7 (2.1) 8.0 12,5 (2.5) 120  <0.001
FFM (kg) 66.9 (8.7) 68.0 425-872 60.9 (8.5) 63.3 69.4 (6.7) 68.9 73.1 (6.0) 732 <0.001
SMM (kg) 38.2(5.2) 38.7 23.3-50.0 345(5.1) 35.9 39.7 (4.0) 39.4 41.8 (3.6) 41.6 <0.001
WC (cm) 93.4(10.8)  93.0 63.0-125.0 83.7 (6.0) 84.0 95.8 (5.6) 95.0 1072 (102) 1080  <0.001
HC (cm) 101.0 9.6) 1008 62.0-193.0 95.2 (4.5) 96.0 103.1(104)  103.0 1079 (9.0) 1090  <0.001
WHR 09 (0.1) 0.9 0.5-1.1 0.9 (0.1) 0.9 09 (0.1) 09 1.0 (0.0) 1.0  <0.001
WHitR 0.52 (0.06) 0.52 0.35-0.72 0.47 (0.03) 0.47 0.53 (0.03) 0.54 0.60 (0.06) 0.60 <0.001

N—group size, X—mean value, SD—standard deviation, Me—median, Min—minimum, Max—maximum,
p—Kruskal-Wallis test statistical significance value. Bold values denote statistical significance at the p < 0.05 level.
BMI—body mass index, TBW—total body water, FM—fat mass, PBF—percent of body fat, FFM—fat-free
mass, SMM—skeletal muscle mass, WC—waist circumference, HC—hip circumference, WHR—waist-hip ratio,
WHtR—waist-to-height ratio.

50 47.5 46.0
45
40 36.5 37.0
35
£ 30
2
£ 5
5 20 17555
X 15
10
5
0

normal overweight obesity

B by BMI ® by percent body fat

Figure 1. Proportions of normal-weight, overweight, and obese individuals according to the assess-
ment method (here, BMI vs. percent body fat) in surveyed military flying personnel. Please note
lower rates of overweight and obesity according to percent body fat compared to BMI, likely due to
larger muscle mass in soldiers than in the general population (so-called muscular overweight).

&l

m<0.5
m20.5

=up9%4cm =94-102cm =>102cm

(A) (B)

Figure 2. Nutritional status categories according to waist circumference (A) and waist-to-height ratio
(WHLtR) (B) among the surveyed military flying personnel.
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Table 2. Results of anthropometric measurements and body composition analysis of subjects divided
into groups according to percent body fat (N = 200).

Total Normal weight Overweight Obesity
Variables (N = 200) (N = 95) (N = 74) (N = 31) p-Va]ue
X (SD) Me Min-Max X (SD) Me X (SD) Me X (SD) Me

Age (years) 37.8 (8.5) 38.0 23.0-59.0 36.5(8.4) 37.0 38.4 (8.70) 38.0 404 (7.7) 41.0 0.062

Height (cm) 178.2 (6.4) 178.0 156.0-193.0 179.4 (6.4) 178.5 176.9 (6.7) 177.3 177.6 (4.7) 177.0 0.056
Weight (kg) 85.1 (13.4) 85.5 53.9-125.2 79.6 (10.4) 794 85.9 (12.8) 86.5 100.0 (11.1) 97.9 <0.001
BMI (kg/m?) 26.7 (3.7) 26.6 19.1-40.0 24.7 (2.3) 24.7 27.3(2.9) 27.4 31.7 (3.7) 30.8 <0.001

TBW (kg) 49.1 (6.4) 49.9 31.2-64.0 49.1 (6.4) 49.6 48.5 (7.0) 49.2 50.5 (4.3) 50.8 0.403
M (kg) 18.2(7.8) 16.5 5.8-52.0 12.7 (3.3) 12.4 19.8 (4.0) 19.5 31.2(7.1) 28.9 <0.001
PBEF (%) 20.8 (6.2) 20.6 8.1-41.6 15.9 (3.2) 15.9 229 (2.3) 22.8 30.9 (3.9) 29.6 <0.001
Visceral fat 7.4 (3.4) 7.0 1.0-20.0 49 (1.9) 5.0 8.2(2.1) 8.0 12.8 (2.5) 12.0 <0.001

FFM (kg) 66.9 (8.7) 68.0 42.5-87.2 66.9 (8.7) 67.7 66.1 (9.5) 67.2 68.9 (5.8) 68.9 0.403

SMM (kg) 38.2(5.2) 38.7 23.3-50.0 38.2(5.3) 38.6 37.7(5.7) 38.5 39.2 (3.5) 39.1 0.539
WC (cm) 93.4 (10.8) 93.0 63.0-125.0 87.8 (6.9) 88.0 95.4 (9.6) 96.0 105.8 (11.2) 105.0 <0.001
HC (cm) 101.0 (9.6) 100.8 62.0-193.0 98.1(5.3) 98.0 102.5 (12.) 103.0 106.5 (9.7) 107.0 <0.001
WHR 0.9 (0.1) 0.9 0.8-1.2 0.9 (0.0) 0.9 0.9 (0.0) 0.9 1.0(0.1) 1.0 <0.001
WHItR 0.52 (0.06) 0.52 0.35-0.72 0.49 (0.03) 0.49 0.54 (0.05) 0.55 0.60 (0.07) 0.59 <0.001

N—group size, X—mean value, SD—standard deviation, Me—median, Min—minimum, Max—maximum,
p—Kruskal-Wallis test statistical significance value. Bold values denote statistical significance at the p < 0.05 level.
BMI—body mass index, TBW—total body water, FM—fat mass, PBF—percent of body fat, FFM—fat-free
mass, SMM—skeletal muscle mass, WC—waist circumference, HC—hip circumference, WHR—waist-hip ratio,
WHtR—waist-to-height ratio.

Soldiers with diagnosed obesity according to BMI had significantly higher scores on
all body composition and anthropometric parameters (Table 1) than those with normal BMI
values. The mean body fat content in obese subjects was 29% vs. 17% in normal-weight
subjects (p < 0.001). In the obese soldiers, compared to the remaining soldiers, both average
waist circumference (107 cm vs. 84 cm) (p < 0.001) and the WHtR were higher (0.47 vs. 0.60,
p <0.001).

The comparative analysis of total body water content, lean body mass, and skeletal
muscle mass in the groups of soldiers divided according to body fat content did not show
any significant differences (p > 0.05; see Table 2). However, the other parameters studied
were significantly higher in soldiers with body fat content indicating obesity compared to
those with normal body fat content (p < 0.001).

The results of laboratory blood tests of military flying personnel divided into groups
according to BMI, body fat content, and waist circumference are shown in Table 3, Table 4,
and Table 5, respectively. High BMI and body fatness translated directly into laboratory
test results. Individuals diagnosed with obesity according to BMI were characterized by
significantly higher blood concentrations of such biochemical parameters as TC, TG, LDL-C
and HDL-C, insulin, and HOMA-IR index compared to those with normal BMI. Similar
observations were noted when analyzing the blood results of soldiers divided into groups
based on percent body fat (Table 4), except for LDL-C, where no significant differences
were noted (p > 0.05).

The statistical analysis showed no significant differences between the ghrelin and
blood glucose concentrations of the soldiers studied in groups divided by BMI and body fat
content (Tables 3 and 4). Significant differences in blood glucose concentrations were noted
only between groups divided according to waist circumference (Table 5). Those with a
circumference of more than 94 cm had significantly higher concentrations of this parameter
than the remaining participants (p < 0.001).

BMI, percent total body fat, waist circumference, and WHtR of the soldiers studied
were positively correlated with each other, as well as with the concentrations of glucose, TC,
TG, LDL-C, insulin, and HOMA-IR index, but they were negatively correlated with blood
HDL-C concentration (p < 0.05). Nutritional status was not related to ghrelin concentrations
in the blood of the subjects (Table 6).
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Table 3. Results of laboratory blood tests of military flying personnel by group according to BMI

(N =200).
Total Normal Overweight Obesity
Variables (N = 200) (N =73) (N=92) (N =35 p-Value
X (SD) Me Min-Max X (SD) Me X (SD) Me X (SD) Me

Ghrelin (ng/mL) 6.0 (4.3) 6.9 0.5-15.2 6.0 (4.4) 7.8 6.3 (4.3) 7.6 4.8(3.9) 49 0.138
Glucose (mg/dL) 95.4 (9.6) 95.0 74.0-136.0 93.7 (9.0) 93.0 95.3 (9.2) 94.0 99.0 (11.2) 97.0 0.077
TC (mg/dL) 191.5(32.7)  188.0  120.0-276.0 184.2 (31.0) 180.0 194.3 (32.5) 193.0 199.6 (34.5) 191.0 0.044
TG (mg/dL) 1385 (82.3) 1145 43.0-645.0  109.8 (51.7) *+## 92.0 1479 (87.2)* 1215 173.7 (101.7) *#* 150.0 <0.001
LDL-C (mg/dL) 109.1(28.9)  106.0 8.0-190.0 102.1 (27.4) ** 98.0 1121 (29.5)*  112.0 115.8 (28.3) * 112.0 0.014
HDL-C (mg/dL) 55.3 (12.7) 53.5 33.0-96.0 60.2 (12.4) **### 59.0 53.8 (12.2) ** 51.0 49.1 (11.0) *#* 49.0 <0.001
Insulin (mIU/L) 8.4 (3.9) 7.5 0.4-27.7 6.8 (2.5) *### 6.9 8.2 (2.8) *% 7.6 12.1 (5.8) ###$$ 12.2 <0.001
HOMA-IR 2.0 (1.0) 1.8 0.1-6.6 1.6 (0.6) *### 1.6 2.0 (0.7) *%% 1.8 3.0 (1.4) ###58 33 <0.001

N—group size, X—mean value, SD—standard deviation, Me—median, Min—minimum, Max—maximum,
p—Kruskal-Wallis test statistical significance value. Bold values denote statistical significance at the p < 0.05 level.
TC—total cholesterol, TG—triglyceride, LDL-C—low-density lipoprotein cholesterol, HDL-C—high-density
lipoprotein cholesterol, * Normal vs. Overweight; p < 0.05, ** Normal vs. Overweight; p < 0.01, ¥ Normal vs.
Obese; p < 0.05, ** Normal vs. Obese; p < 0.001, ¥ Overweight vs. Obese; p < 0.01.

Table 4. Results of laboratory blood tests of military flying personnel by group according to percent
body fat content (N = 200).

Total Normal Overweight Obesity
Variables (N = 200) (N = 95) (N=74) (N =31) p-Value
X (SD) Me Min-Max X (SD) Me X (SD) Me X (SD) Me

Ghrelin (ng/mL) 6.0 (4.3) 6.9 0.5-15.2 6.1 (4.6) 6.9 6.0 (4.0) 6.9 54(42) 5.6 <0.913
Glucose (mg/dL) 95.4 (9.6) 95.0 74.0-136.0 94.7 (8.6) 93.0 94.7 (8.7) 95.0 99.0(13.4) 95.0 <0.429
TC (mg/dL) 191.5 (32.7) 188.0 120.0-276.0 188.2 (32.7) 186.0 192.9 (32.7) 188.5 198.4 (32.4) 197.0 <0.234
TG (mg/dL) 138.5 (82.3) 114.5 43.0-645.0 121.4 (83.3) *### 100.0 144.7 (79.7) * 120.0 176.1 (72.3) ### 168.0 <0.001
LDL-C (mg/dL) 109.1 (28.9) 106.0 8.0-190.0 107.0 (28.6) 103.5 109.2 (30.4) 112.0 115.1 (26.3) 112.0 <0.275
HDL-C (mg/dL) 55.3 (12.7) 53.5 33.0-96.0 58.0 (12.5) ### 57.0 54.9 (12.9) 53.0 48.1 (10.0) ###$ 47.0 <0.001
Insulin (mIU/L) 8.4 (3.9) 7.5 0.4-27.7 7.1 (3.0) *### 6.8 8.4 (2.8) *%% 7.7 12.2 (5.8) *##5% 11.1 <0.001
HOMA-IR 2.0 (1.0) 1.8 0.1-6.6 1.7(0.7) *### 1.6 2.0 (0.8) *%% 1.8 3.0 (1.4) ##89 2.6 <0.001

N—group size, X—mean value. SD—standard deviation, Me—median, Min—minimum, Max—maximum,
p—Kruskal-Wallis test statistical significance value. Bold values denote statistical significance at the p < 0.05 level.
TC—total cholesterol, TG—triglyceride, LDL-C—low-density lipoprotein cholesterol, HDL-C—high-density
lipoprotein cholesterol, * Normal vs. Overweight; p < 0.05, #* Normal vs. Obese; p < 0.001, * Overweight vs.
Obese; p < 0.05, % Overweight vs. Obese; p < 0.01.

Table 5. Results of laboratory blood tests of military flying personnel by group according to waist
circumference (N = 200).

T Waist Circumference Waist Circumference . .
otal Waist Circumference >
(N = 200) up 94 cm 94-102 cm 102 cm (N = 41)
Variables (N =106) (N =53) p-Value
M (SD) Me Min-Max X (SD) Me X (SD) Me X (SD) Me
Ghrelin (ng/mL) 6.0 (4.3) 6.9 0.5-15.2 6.0 (4.4) 72 6.4 (42) 75 5.1 (4.1) 49 0.612
Glucose (mg/dL) 95.4 (9.6) 95.0 74.0-136.0 93.7 (9) 93.0 96.7 (7.5) 96.0 98.2 (12.5) 96.0 0.048
TC (mg/dL) 191.5 (32.7) 188.0 120.0-276.0 184.9 (31.1) * 182 200.5 (36.1) * 193.0 197.1 (28.6) 194.0 0.017
TG (mg/dL) 138.5 (82.3) 114.5 43.0-645.0 114.4 (54.7) *##* 98.0 154.5 (108.1) * 127.0 180.2 (83.5) ## 176.0 <0.001
LDL-C (mg/dL)  109.1(289)  106.0 8.0-190.0 103.0 (28.2) * 1015 1183 (3L1)* 1150 114 (25.4) 114.0 <0.001
HDL-C (mg/dL)  55.3(127) 535 33.0-96.0 59 (12.8) *### 58.0 53.7 (11.4) * 53.0 47.8 (10.5) ##* 46.0 <0.001
Insulin (mIU/L) 8.4(3.9) 75 0.4-27.7 7.0(2.6) **+## 6.8 9.2 (3.8) *** 8.4 11.1 (5.0) #*# 9.8 <0.001
HOMA-IR 2.0 (1.0) 18 0.1-6.6 1.6 (0.7) *+## 1.6 22 (0.9) *** 21 2.7 (1.2) ¥ 24 <0.001

N—group size, M—mean value, SD—standard deviation, Me—median, Min—minimum, Max—maximum,
p—Kruskal-Wallis test statistical significance value, Bold values denote statistical significance at the p < 0.05 level,
TC—total cholesterol, TG—triglyceride, LDL-C—low-density lipoprotein cholesterol, HDL-C—high-density

lipoprotein cholesterol, * Normal vs. Overweight; p < 0.05, *** Normal vs. Overweight; p < 0.001, #*# Normal vs.
Obese; p < 0.001.
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Table 6. Correlations between BMI, percent body fat, and body circumference and WHtR and blood
parameters of military flying personnel (N = 200).

N

<

o
|

BMI Percent Body Fat Waist Circumference
2 ° WHtR
Variables (kg/m”) (%) (cm)
R P R P R P R P
Ghrelin (ng/mL) —0.07 0.34 —0.09 0.22 —0.02 0.78 —0.03 0.67
Glucose (mg/dL) 0.20 0.005 0.20 0.005 0.20 0.004 0.24 0.0005
TC (mg/dL) 0.18 0.01 0.17 0.02 0.19 0.008 0.24 0.0007
TG (mg/dL) 0.39 <0.0001 0.39 <0.0001 0.39 <0.0001 0.44 <0.0001
LDL-C (mg/dL) 0.20 0.004 0.14 0.05 0.21 0.003 0.24 <0.0001
HDL-C (mg/dL) —0.40 <0.0001 —0.30 <0.0001 —0.42 <0.0001 —0.42 <0.0001
Insulin (mIU/L) 0.42 <0.0001 0.45 <0.0001 0.45 <0.0001 0.46 <0.0001
HOMA-IR 0.43 <0.0001 0.45 <0.0001 0.46 <0.0001 0.48 <0.0001
N—group size, R—Spearman correlations, p—Ilevel of statistical significance. Bold values denote statistical
significance at the p < 0.05 level. TC—total cholesterol, TG—triglyceride, LDL-C—low-density lipoprotein
cholesterol, HDL-C—high-density lipoprotein cholesterol.

The percentage of surveyed soldiers with parameters outside the normal range accord-
ing to BMI is shown in Figure 3, while the results according to percentage body fat content
are shown in Figure 4, respectively. It was observed that more than half of the surveyed
soldiers with obesity, regardless of whether it was diagnosed according to the criterion of
BMI or percent body fat, had total cholesterol and triglyceride concentrations outside the
normal range. This was also true for the IR-HOMA index, indicating insulin resistance.
There was a particularly disturbing high percentage (61.3%) of those with elevated blood
TG levels in the group with body fat above 25% compared to those with normal body fat
(24.2%).

%%k %k
51.1 514 .
50.0 485 - 46.2 ' m Total

25 413 429 .
4 ) 38.7 B Normal weight
540.0 343 —35:5+ —
T .
5 28,0 28.3 74 - “ Overweight
230.0 : -
8 05 229 2204, Obesity
g .
S

[y

©

o
!

<
o
I

Glucose

TC TG LDL-C HDL-C HOMA-IR

Figure 3. Percentage of subjects with out-of-normal blood parameters according to BMI. TC—total
cholesterol, TG—triglyceride, LDL-C—low-density lipoprotein cholesterol, HDL-C—high-density
lipoprotein cholesterol. *** p < 0.001, ** p < 0.01, * p < 0.05, p—chi-square test statistical signifi-

cance value.
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Figure 4. Percentage of subjects with out-of-normal blood parameters according to body fat content.
TC—Total cholesterol, TG—triglyceride, LDL-C—low-density lipoprotein cholesterol, HDL-C—high-
density lipoprotein cholesterol, *** p < 0.001, * p < 0.05, p—chi-square test statistical significance value.

4. Discussion

This study focused on body composition and cardiovascular health parameters of
military flying personnel. The results showed that a significant percentage of soldiers were
overweight or obese based on BMI, percent body fat, and waist circumference. However,
the data showed that the prevalence of normal weight in this group heavily depends on
the method used for diagnosis, likely due to so-called muscular overweight [24,26]. The
prevalence of obesity, except for abdominal obesity, was affected to a lesser degree. Those
diagnosed with obesity had higher levels of cholesterol, triglycerides, LDL-C, insulin, and
HOMA-IR. There were also significant correlations between BMI, body fat percentage, waist
circumference, and adverse blood test results. In addition, 8.5% of the soldiers surveyed
met the criteria for metabolic syndrome.

The findings highlight the importance of addressing obesity and its associated health
risks among military personnel. Obesity can be viewed as a multifactorial pathology and
chronic inflammatory disease [39]. In fact, people affected by obesity have a higher risk of
developing interdependence and morbidity relative to healthy people. Obesity promotes
the development of more than 200 chronic diseases [40]. In people with moderate obesity,
the incidence of diabetes is ten times higher, and it is thirty times higher when body weight
exceeds 135% of ideal weight. For cardiovascular diseases, such as high blood pressure,
dyslipidemias, and coronary artery disease, there is a threefold increase in the risk of
disease for obese people compared to those of normal weight [39]. Therefore, there is
growing interest worldwide in early diagnosis of obesity to avoid the consequences of
under-diagnosis or pre-diagnosis.

The most commonly used parameter in diagnosis, the body mass index (BMI), is not
suitable for assessing percent body fat. The main limitation of BMI, as mentioned in the
introduction, is that it is impossible to distinguish BF from lean mass and central fat from
peripheral fat [41]. This is especially important for military personnel, who are often found
to have greater skeletal muscle mass than the general population [42]. In fact, many studies
prove that BMI alone cannot define obesity, which consists not so much of weight gain as
excess fat mass [43]. This was also confirmed by our own research, where the prevalence
of overweight and obesity in the surveyed soldiers differed significantly depending on
the classification of the assessment. Hence, it is recommended that soldiers should always
have their body composition and waist circumference measured when assessing their



Metabolites 2023, 13, 1102

10 of 14

nutritional status, in addition to calculating their BMI, in order to determine their actual
body fat content.

Similar observations were made by De Lorenzo et al. [44] in comparing obesity classi-
fication according to BMI with classification according to percent body fat (25% for men
and 30% for women), showing a large discrepancy between the two measurements. Even
greater discrepancies according to the criterion adopted for diagnosing obesity were ob-
served in a study of an adult population in central-southern Italy (n = 3258). According
to BMI, 32.3% of the subjects were obese, while according to the acceptable percentage
of fat mass as a function of gender and age, 64% of the population was characterized by
obesity [41]. However, the authors noted that the false-negative BMI classification was
stronger for women than men and for younger than older individuals.

The results of this study also indicate high prevalence of lipid disorders among Polish
military flying personnel (48.5% of the subjects had elevated total cholesterol), which is
consistent with unfavorable trends in the general population. Depending on the study
sample selection, the prevalence of dyslipidemia in Poland is estimated at 60-80% of
individuals in a population over 18 years of age [45]. Lipid metabolism disorders are still
the most prevalent and least controlled risk factor for cardiovascular disease in Poland [46].
Together with smoking habits, type 2 diabetes, hypertension, poor dietary habits, and
insufficient physical activity [7], as well as resulting overweight and obesity, they are
among the main modifiable risk factors for atherosclerosis and its major complications,
such as ischemic heart disease, stroke, and peripheral artery disease [47]. As indicated by
the results of available epidemiological studies conducted in Poland, the prevalence of
these diseases is steadily increasing, which is related to the spread of unfavorable eating
habits, sedentary lifestyles, and the resulting obesity epidemic [48].

Our study found a significant association between soldiers’ obesity and carbohydrate-
lipid disorders. The subjects with diagnosed obesity had significantly higher levels of
biochemical parameters, such as total cholesterol, triglycerides, LDL-C, insulin levels,
and HOMA-IR index, and lower HDL-C levels than participants at normal weight. In
the US military, similar trends are observed [49]. These disturbing changes are evident
even at a younger age. Although the primary goal of any armed forces is to prepare fit,
combat-ready soldiers, the increase in CVD risk is increasingly evident in the military
population. US Army soldiers are affected by cardiovascular disease more than any other
chronic disease [50]. Similar findings were reported in Polish Armed Forces [18], where
elevated total cholesterol was reported in more than half of the Polish soldiers surveyed,
and the prevalence of abnormal low-density lipoprotein cholesterol was 60%. Further-
more, triglycerides were elevated in 36% of soldiers, and low high-density lipoprotein
cholesterol and hyperglycemia were reported in 13% and 16% of soldiers, respectively.
In the subgroup >50 years old, high and very high cardiovascular risk scores were ob-
served in almost one third of soldiers. The relative risk assessed in younger subgroups
was moderate or high. In our study, we obtained similar values to those cited. Elevated
total cholesterol affected 48% of the soldiers studied and elevated triglycerides affected
35.5% of the subjects, while low high-density lipoprotein cholesterol and hyperglycemia
were observed in 9% and 28% of the soldiers, respectively. In contrast, we observed half
the percentage of military flying personnel with abnormal LDL-C values, which was at
38.7% (Figures 3 and 4). Analysis of the study results showed a significant increase in the
percentage of those with TG concentrations above the desired value in soldiers with obesity,
regardless of the diagnosis criterion.

The health situation is much more favorable in the French army, where among the
1589 soldiers surveyed, less than 5% of the population reported a diagnosis of comorbidities:
diabetes 2%, high blood pressure 1%, and dyslipidemia 1.5% [3].

The large number of overweight soldiers with unfavorable body fat distribution
observed in our study group is worrisome, because in light of current data, obesity of
the visceral type is an independent and significant risk factor for atherosclerosis and
its complications, hypertension, and type II diabetes, among others. One of the direct
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consequences of visceral obesity is insulin resistance. The result of reduced tissue sensitivity
to insulin is hyperglycemia and lipid disorders (mainly hypertriglyceridemia). Increased
insulin secretion by pancreatic islet beta cells gradually leads to their exhaustion and the
development of pre-diabetic states and diabetes. Hyperglycemia, lipid disorders, and
hyperinsulinemia causing endothelial dysfunction and vascular wall remodeling accelerate
the development of atherosclerosis and the onset of its clinical consequences [51]. In the
study presented here, we observed an alarmingly high percentage of soldiers in the obese
group with HOMA-IR above 2.5, which was more than 50%. This raises the question of
whether the measurement of blood insulin levels should not be included in mandatory
medical certification tests along with glucose levels in order to be able to prevent the
development of diabetes earlier, albeit in a group of obese soldiers.

Military flying personnel, due to the tasks they perform, should be characterized by
impeccable health, which, unfortunately, our study did not confirm. A prescription for
existing metabolic disorders in the military environment could be the dissemination of the
Mediterranean diet as a recommended dietary model. This is because this diet has many
health benefits [52]. Studies conducted to date have also shown that the introduction of
the Mediterranean diet resulted in a decrease in body weight and less frequent occurrence
of metabolic syndrome in this group of patients, and it appears to be effective in both the
prevention and treatment of cardiovascular disease and type 2 diabetes [53-55].

5. Limitations

As this is a cross-sectional observational study, is was only possible to elucidate
associations between various measures of obesity and risks for CVD (including insulin
resistance). Future follow-up studies will allow us to evaluate causal relationships between
these measures in this cohort. Additionally, we did not measure the levels of spontaneous
physical activity or diet of the studied soldiers, which are factors known to counteract the
development of metabolic disorders. This will also be taken into account in further studies.

6. Conclusions

The findings suggest that the prevalence of obesity in Polish military flying personnel,
regardless of the evaluation criterion, is associated with significant metabolic complications
in the form of hyperlipidemia and insulin resistance, all of which are risk factors for
cardiovascular disease. Significant differences in blood glucose concentrations were noted
only between groups divided according to waist circumference. Yet BMI alone should not
define obesity, which is particularly important in the case of military personnel, who are
often found to have greater skeletal muscle mass than in the general population. Hence, it
is recommended to include in the assessment of the nutritional status of soldiers routine
body composition measurement tests in order to avoid overestimation or underestimation
of obese individuals in this professional group.

Prevention programs aimed at early assessment and modification of cardiovascular
risk factors in the military flying personnel population are sorely needed, especially those
aimed at weight reduction. In addition, the outcome of this study suggests that mea-
surement of blood insulin levels should be included in mandatory medical certification
examinations, along with glucose levels, to counteract the development of diabetes.
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