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ABSTRACT: Risk factors for the development of type 2 diabetes mellitus were assessed in 212 military personnel aged
20-45 years serving under a contract, of which 95 people (an experienced group with risk factors) and 117 people without risk
factors (an experienced group), as well as 60 practically healthy males who are not military personnel Ministry of Defense of
the Russian Federation aged between 18 and 45 years (control group). It was revealed that the indicators with the greatest
influence on the development of type 2 diabetes include older age, body mass index, waist circumference, insulin resistance
index, and the results of the psychological questionnaire “Tendency to deviant behavior” on the scale of “Aggressiveness”
as well as the questionnaire “Strong-willed self-control.” It was found, on 3-year follow-up, that prediabetes developed in
8 (8.4%) patients of the experimental group with risk factors for type 2 diabetes mellitus who did not have carbohydrate me-
tabolism disorders, and in 8 (6.8%) patients of the experimental group. At the same time, type 2 diabetes mellitus occurred in
2 (2.5%) patients of the experimental group and in 2 (1.7%) military personnel of the experimental group with risk factors for
type 2 diabetes but initially normal glycemic indices, as well as in 8 (8.4%) patients of the same group who had prediabetes
at the beginning of the study. In addition, prediabetes was detected in 2 people of the control group after 3 years and type 2
diabetes mellitus in 1 person. According to the results of the study, a mathematical model is proposed to assess the likelihood
of developing type 2 diabetes in military personnel with a waist circumference =94 cm. The proposed model has a sensitivity
of 95% and a specificity of 91%. The prognostic value of a negative result is 89.2%, and that of a positive result is 87%. Thus,
military personnel with a waist circumference of =94 cm are characterized by a more frequent development of new cases
of prediabetes and type 2 diabetes mellitus than civilians, which is due to the stressful nature of military service. The use of
the proposed mathematical model will make it possible to predict the development of carbohydrate metabolism disorders in
military personnel with a waist circumference of 294 cm over a 3-year period with the identification of a risk group requiring
the use of a set of preventive measures aimed at reducing body weight.
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NMPOrHOCTUYECKAA OLEHKA ®AKTOPOB
PUCKA CAXAPHOI0 OUABETA 2-ro TUMNA
Y BOEHHOC/TYMXALLUX MOJIOA0I0o BO3PACTA

K.B. MetpaHkos, B.B. Canyxos, M.W. Myraues, /1.M. [JobposonbcKan, A.B. Anekcanaposa,
[.A. lwvnunosa, MN.A. JlnBapckum

BoeHHo-MemMUmMHCKan akagemus nMenn C.M. Kuposa, Cankt-lletepbypr, Poccua

PestoMe. OueHMBalOTCA GaKToOpbl PUCKA pasBUTUA CaxapHOro auabeta 2-ro TMna y 212 BOEHHOCNYHaLLMX B BO3pac-
Te oT 20 8o 45 net, NpoXoJALLMX CNYHKOY N0 KOHTPAKTY, M3 HUX 95 yenoBeK (oMbiTHaA rpynna ¢ ¢paxkTopamMu pucka) u 117
yenoBek 6e3 haKTOpoB pUcKa (oMbITHAA Fpynna), a Take 60 NPaKTUYECKM 34,0POBbIX /WL, MYHCKOM0 NONa, He ABNAIOLLMXCA
BOEHHOC/yKaLwmMn MuHuctepctea 06opoHbl Poccuiickon Oenepaumm B Bo3pacTe ot 18 no 45 neT (KoHTponbHas rpynna).
BoiABneHo, uTo K nokasatenam, 0651afaloLwmM HambonbLLMM BIMAHUEM Ha pasBUTHe caxapHoro auabeta 2-ro Tmna, 0THO-
cATCA bonee CTapLUMIA BO3PACT, MHAEKC Macchl TeNa, OKPYHHOCTb TalMK, MHAEKC UHCYIMHOPE3UCTEHTHOCTU U pe3ynbTaThbl
MCUXOI0MMYECKOr0 OMPOCHUKA «CKMOHHOCTb K OTK/IOHAIOLLEMYCA MOBELEHMIO» MO LUKane «ArpeccMBHOCTb» U OMPOCHU-
Ka «BoneBoi caMOKOHTPO/b». YcTaHoBNEHO, YTO Yepe3 3 roga HabnoaeHusa npegmabet passunca y 8 (8,4%) naumeHTo
ONbITHOM rpynnbl C GaKTOpaMM pUCKa pa3BUTUA CaxapHoro Amaberta 2-ro TMna, HO He UMEBLLMX HapyLLEHUI YrneBogHOM0
obMeHa, 1 y 8 (6,8%) naumeHToB onbiTHOM rpynnbl. Mpn 3TOM caxapHbli guabet 2-ro TMna gebiotvrposan y 2 (2,5%) naum-
€HTOB OMbITHOM rpynnbl Uy 2 (1,7%) BoeHHOCAYKALLMX ONbITHOW TPynnbl ¢ GaKTOpaMM pUCKa PasBUTUA CaxapHOro Aua-
beTa 2-ro TMna, HO C UCXO4HO HOPMaNbHBIMU MOKa3aTeNAMM FMKeMUK, a Takke y 8 (8,4%) naumeHToB 3TOM e rpynnbl,
MMEBLLMX B Hayane uccnenoBaHua npeauabet. KpoMe Toro, y 2 YenoBeK KOHTPO/IbHOM rpynnbl Yepe3 3 rofa bbin BhiABNEH
npeauabet u y 1 YenoBeka, caxapHbiit auabet 2-ro Tvna. Mo pe3ynbTaTaM WUccief0BaHUA NpeLioyKeHa MaTeMaThyecKas
MoZenb ANA OLEHKW BEPOATHOCTW Pa3BUTUA caxapHOro Auaberta 2-ro TMNA y BOEHHOCYMKALLMX, UMEIOLLMX OKPYMKHOCTb
Tanuu = 94 cm. lNpegnaraeman Mogenb UMeET YyBCTBUTENBHOCTb 95%, cneumduuHocTb 91%, NPOrHOCTUYECKYIO LLEHHOCTb
oTpuuatensHoro pesynbrata 89,2%, NporHoCTUYECKYIO LEHHOCTb NONOXKMTENbHOMO pe3ynbTara 87%. TakuM obpasoM, Bo-
EHHOC/Ty}KaLUMe, UMEIOLLME OKPYHHOCTb TanuK = 94 cM xapaKTepu3ylTca bonee YacTbiM, YEM Y rpamAaHCKUX UL, pas-
BUTUEM HOBBIX C/ly4aeB npeauabeTa u caxapHoro Auaberta 2-ro TMna, YTo 06yCNI0BNEHO CTPECCOreHHBIMU 0COBEHHOCTAMM
BOEHHOM CNybbl. Micnonb3oBaHWe npeaiaraeMol MateMaTyecKor MOAENy NO3BOWUT NPOrHO3MpOBaTh PasBUTUE Hapy-
LUEHMI YrNeBOAHOr0 06MeHa y BOEHHOCTYMALLMX, MMEIOLLMX OKPYHHOCTb Tanum = 94 cM B TeYeHWe TPEXNETHEro nepuoaa
C BbIABNIEHUEM IPYNMbI PUCKa, TPebyloLLEe NPUMEHEHUA KOM/IEKCa NPOGUNAKTUUYECKMX Mep, HALENEHHBIX HA CHUMEHWE
Macchl Tefa.

KnioueBbie cnoBa: caxapru7| [OMabeT; MHAeKc Macchl Tefla; MaTeMaTUYeCKan Mo esb; MHCY/NWH; HapyLlueHue yrnesogHoro
0bMeHa; npe,u,maﬁeT; MCUX03MOLMOHANbHBIN cTpecc.
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BACKGROUND

Type 2 diabetes mellitus (T2DM) is a serious chronic
disease and a significant public health problem because
of its considerable effect on health due to the high risk
of occurrence and development of severe complications,
which affect directly the socio-economic well-being of
the population. Since 2000, the number of patients with
DM in the Russian Federation (RF) has grown 2.2 times,
i.e., from 2.043 million to 4.58 million [1]. Obviously, these
figures do not reflect the true scale of the non-infectious
“epidemic” because only identified DM cases are registered.
According to the NATION national epidemiological
study, which included more than 26 thousand people in
63 constituent entities of the RF, the proportion of
undiagnosed T2DM in Russia averages 54% [2]. Every
second (50.1%) patient with T2DM does not know about it.
Moreover, statistics indicate a higher incidence of metabolic
syndrome components in those who are professionally
associated with a high psychoemotional load. This is
important for people serving in security, defense, and law-
enforcement agencies because their work is associated
with a high risk of psychoemotional and physical stress,
and the state of health of military personnel affects
directly the combat capability of the army and security
of the state [3, 4]. Currently, there is a trend toward an
increase in the incidence of DM among military personnel
and pensioners of the Ministry of Defense (MD) of the RF
[4]. In recent years, owing to the increase in the limit
of military service, the number of persons undergoing
enlistment by contract, with an average age of 35-40
years, has increased, which may lead to an increased risk
of T2DM. In turn, existing methods for assessing T2DM
risk do not reflect the contribution of psychoemotional
stress to disease development. In modern literature, there
is not enough information on quantifying these factors in
relation to the risk of prediabetes and T2DM in people who
are professionally associated with a high psychoemotional
load. In this regard, the prediction and early detection of
prediabetes and T2DM in this cohort with carbohydrate
metabolism disorders are relevant.

Table 1. Age range of patients in the examined groups, n (%)
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The study aimed to identify risk factors for T2DM
development and evaluate their prognostic significance in
young military personnel.

MATERIALS AND METHODS

This prospective cohort study was conducted among
military personnel of the RF MD. The study group included
participants from among the military personnel who were
enlisted by contract. Mandatory criteria for inclusion in
the experimental group (EG) without risk factors for T2DM
were military service enlistment in RF MD by contract
during the study period, male sex, and waist circumference
(WC) of > 94 cm. Additional inclusion criteria for the EG
with risk factors (EGRF) (any or combination thereof) were
prediabetes (impaired fasting glycemia or impaired glucose
tolerance) on capillary blood tests [fasting glycemia > 5.6
and < 6.1 mmol/L; glycemia 2 h after oral glucose tolerance
test (OGTT) = 7.8 and < 11.1 mmol/L], previously confirmed
cholesterol level of =6 mmol/L or low-density lipoprotein
(LDL) of = 3 mmol/L, and blood pressure of > 140/90 mm Hg.
The exclusion criteria were age > 45 years, confirmed
diagnosis of T1DM or T2DM based on OGTT results, and
non-compliance with the inclusion criteria. The control group
(CG) consisted of 60 apparently healthy men who were not
military personnel of the RF MD, aged 18-45 years, and had
WC of = 94 cm. The age range of participants is presented
in Table 1.

In stage 1 of the study, the diagnostic algorithm
included an assessment of anthropometric data [height,
body weight, body mass index (BMI), and WC], and
biochemical blood test, including venous plasma glucose,
total cholesterol (TC), LDL, total bilirubin, and urea, was
performed on an Architect plusC4000 Biochemical Analyzer
using the manufacturer’s reagents. 0GTT was performed
by analyzing capillary blood using an Accu-Chek Active
glucometer with standardized test strips. Hormonal blood
tests including the determination of immunoreactive
insulin and C-peptide levels were performed by enhanced
chemiluminescence on a COBAS 6000 analyzer (Roche
Diagnostics, IN, USA). Based on the data obtained,
the Homeostatic Model Assessment of Insulin Resistance

Tabnuua 1. BospacTHoi AMana3oH nauueHToB obcneaoBaHHbIX rpynn, abe. (%)

Indicator EGRF and EG CG
Total patients examined 212 60
20-25 years 58 (27.5) 2(3.33)
26-35 years 80 (37.5) 35 (58.33)
36-45 years 74 (35) 22 (36.67)
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(HOMA-IR) index (homeostasis model assessment) was
calculated using the following equation:

HOMA-IR=1L_*G! [5]

22.5 '

where IRI is the immunoreactive insulin (mcU/m) and Gl is
glucose (mmol/L).

Insulin resistance was diagnosed when the HOMA-IR
index was > 2.77 [6].

To assess the possible effect of the psychological
characteristics of an individual on T2DM development,
we used data from questionnaires used in the annual
examination of military personnel, including an individual
typological questionnaire + / -1 developed by Sobchik,
consisting of 91 questions, with the completion time of
30 min. In the assessment of the military personnel, three
parameters were identified and evaluated separately,
namely, “disadaptation,” “aggression”, and “depression” [7].
The questionnaire developed by Oryol enables determining
the propensity for positive deviant behavior (PDB). It
represents a set of specialized psychodiagnostic scales
aimed at determining the readiness (inclination) to implement
certain forms of deviant behavior. The questionnaire scales
are divided into informative and service. In the assessment
of military personnel, “nonconformism”, “aggressiveness”,
and “desirability” scales were used [8]. The “volitional
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self-control” questionnaire developed by Zverkov and
Eidman aimed at self-evaluation of the development of
volitional regulation, which is understood (in the most
general form) as a measure of controlling one's behavior in
various situations, i.e., the ability to control consciously one’s
actions, states, and impulses. The “volitional self-control”
questionnaire contains 30 items, including 24 working
items and 6 camouflage items. Subscale 1 characterizes
the available conscious mobilization energy potential for
completing an action, and subscale 2 indicates the level
of voluntary control of emotional reactions and states. In
terms of traditional volitional personality traits, subscale
1 was named “perseverance,” and subscale 2 was named
“self-control” [9].

To assess physical activity, a motor activity questionnaire
(0DA23+) was used, which revealed that all participants had
moderate physical activity, without a statistically significant
difference between them. Then, carbohydrate metabolism
was assessed after 3 years. The study design is presented
in Figure 1.

Data were statistically analyzed using Statistica 10.0
and SPSS Statistics 17.0. Summary spreadsheets were
formed based on formalized survey maps in Microsoft Excel.
To examine the correlations between indicators, the Spearman
rank test was used; the correlation coefficients (p) and
significance level (p) were calculated. Differences between

Processing of medical records for the enrollment of patients in
the study

2018 year

Screening
Analysis of 560 medical records of military personnel and

Experimental group (EG)
(military personnel),
212 (4) people

documentation from civilian polyclinics

Control group (civilians),
60 people

Diagnostic algorithm:
assessment of anthropometric data (height, body

EG with RF,
95 people

EG without RF,
117 people

weight, BMI, and waist circumference)
Biochemical study: glucose, total cholesterol (TC), LDL,

total bilirubin, urea, OGTT

Hormonal blood test: insulin, C-peptide, HOMA-IR
insulin resistance index

Psychological testing data: ITQ +/-1; determination of
propensity to positive deviant behavior (PDB); VSCQ

EG with RF,
95 people

EG without RF,
117 people

Assessment of the state of carbohydrate metabolism
to verify prediabetes and T2DM (glucose, OrGTT, levels

Control group (civilians),
60 people

of immunoreactive insulin, and C-peptide)

2020 year

Figure. Study design. FR — risk factors; LDL — low-density lipoproteins; PGTT — oral glucose tolerance test; VSK — questionnaire

"Volitional self-control”; OGTT — oral glucose tolerance test

PucyHok. [ln3aiiH uccnegosanua. OP — ¢arTopbl pucka; JIMHIT — nvnonpotenHbl HU3KoM nnoTHocTH; MITTT — nepopanbHbIf FAoKo-
30TonepaHTHbIM TecT; BCK — onpocHuk "BoneBow caMokoHTponb'; O TT — opanbHbIf r0K030TONepaHTHBIN TeCT
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groups were examined using the Mann-Whitney U-test.
A significance level of p = 0.05 was adopted. Prognostic
assessment of indicators was performed using receiver
operating characteristic (ROC) analysis, and their sensitivity
and specificity were calculated. To obtain a mathematical
model for calculating the T2DM risk, binary logistic
regression was used. The results obtained are presented
as Me [X_.. X__], where Me is the median of parameter

min’ “*max

analyzed, and [X,; X,..,] is the sample range.

RESULTS AND DISCUSSION

Normal glucose levels were registered in 168 patients,
and borderline glucose levels (5.5-6.1 mmol/L) were noted
in 46 participants who required OGTT [10]. Two participants
had T2DM; therefore, they were withdrawn from the study. In
the OGTT, 44 patients had impaired fasting glycemia.

Overweight was detected in 52 patients in the EG and
46 in the EGRF. In addition, 27 patients in the EG and 46 in
the EGRF were diagnosed with grade | obesity. In the rest
(n = 41) of the participants, body weight and BMI were
within the reference values. The average WC index values
were 100.5 and 99.2 cm and the median values were 99
and 98 cm in the EGRF and EG, respectively. In the EG,
the median cholesterol level was 4.8 mmol/L, with minimum
and maximum values of 2.3 and 6 mmol/L, respectively. In
the EGRF, the median cholesterol level was 5 mmol/L, with
minimum and maximum values of 2.3 and 8.1 mmol/L,
respectively. In the EG, the median LDL value was
2.44 mmol/L, with minimum and maximum values of 1.64
and 2.98 mmol/l, respectively. In the EGRF, the median LDL
level was 2.98 mmol/L, and the minimum and maximum

Table 2. Outcome of subjects with prediabetes and DM2, people
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values were 1.64 and 4.5 mmol/L, respectively. In the EG,
the median urea level was 6.1 mmol/L, which ranged from
3.4 to 8.7 mmol/L. In the EGRF, the median urea level was
6.2 mmol/L, and the minimum and maximum values were
3.4 and 8.7 mmol/L, respectively.

The insulin level in the EGRF exceeded those in the EG
and CG (median 12.20 vs 8.35 vs 5.15 pU/mL, respectively,
p < 0.0001). The HOMA-IR index also differed statistically
significantly in the EGRF and exceeded those in the EG and
CG (median 2.77 vs 1.94 vs 1.12, respectively, p < 0.0001).
The glucose level in the EGRF exceeded those in the EG
and CG (median 5.5 vs 5.2 vs 4.6 pU/mL, respectively,
p < 0.0001).

Moreover, participants with obvious disorders of
carbohydrate metabolism, that is, with a fasting blood
glucose level >6.1 mmol/l, were not included in the study.

Based on the above data and the increased fasting
blood serum level of insulin, i.e., higher insulin resistance
indices in military personnel than in CG, military labor factors
were found to influence significantly the development of
insulin resistance and the determination of carbohydrate
metabolism disorders.

The outcomes of participants with prediabetes and T2DM
after 3 years are presented in Table 2. Moreover, in the CG,
prediabetes was detected in two patients, and T2DM was
found in one patient, which was slightly lower than that in
EG and EGRF.

The results of a psychological examination according
to the PDB questionnaire (“aggressiveness” scale) and
the “volitional self-control” questionnaire are presented in
Table 3.

Tabnuua 2. Vcxon y4acTHUKOB 3KcnepuMeHTa B npeaunabet u CL2, yen.
Examination EG EGRF CG
Euglycemia Prediabetes Euglycemia Euglycemia
Initial
nta 17 4t 51 60
Prediabetes T2DM Prediabetes T2DM Prediabetes T2DM Prediabetes T2DM
After 3
or J years 8 2 3 8 8 2 2 1
Table 3. Psychological examination data in all groups, points (Me [X_.; X..,,])
Tabnuua 3. [laHHble ncuxonormyeckoro obcnenoBakua Bo Beex rpynnax, b6ann (Me [X ;. X))
Indicator EG EGRF CG
Scale “A™: aggressiveness 412,71 51; 9 3(2; 3]
Questionnaire “B": volitional self-contro 4 [2; 6]* 411; 71 8 [6; 9]

* — difference between EG, EGRF, and CG; * — difference between EG and EGRF, p < 0.0001.
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In stage 2, in the EG and EGRF, a possible correlation
between the obtained indicators at the initial stage
and T2DM detection after 3 years of follow-up was
investigated. In this case, only statistically significant
correlations were considered. A statistically significant
negative correlation of moderate strength in the examined
groups was registered between the level of fasting
blood glucose and parameters of volitional self-control
questionnaire (p = -0.601; p = 0.0003). The same but
positive relationship was noted between body weight
(including BMI) and the “aggressiveness” scale of the PDB
questionnaire (p = 0.603; p < 0.05). Moreover, a positive
correlation of average strength was found between BMI
and “working capacity” (p = 0.490; p < 0.05). A high
“depression” score was statistically significantly (p < 0.05)
associated (p > 0.5) with elevated cholesterol levels.
In addition, the relationship between age, BMI, insulin,
HOMA-IR index, and psychological examination indicators
and the emergence of carbohydrate metabolism disorders
was assessed (Table 4).

In addition, a statistically significant positive correlation
of moderate strength was found between older ( aged
36-45 years) servicemen and occurrence of pathology in
3 years (p = 0.470; p < 0.05) and between anthropometric
data, insulin resistance indicators, and psychological state of
the servicemen. The older the age, the higher the BMI, WC,
and insulin resistance index and the higher the PDB score
on the aggressiveness scale; however, the lower the level

Tom 24,N° 2, 2022
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on the volitional self-control questionnaire, the higher
the probability of T2DM development in the next 3 years.

Positive statistically significant correlations of moderate
strength were noted between BMI and diabetes onset
(p = 0.540; p < 0.05). WC also correlated positively with
the occurrence of carbohydrate metabolism disorders
(p =0.611; p < 0.05). The insulin level and HOMA-IR index
positively, statistically, and significantly correlated with
T2DM development in the EGs (p = 0.606 and p = 0.589,
respectively, p < 0.05). Psychological examination according
to the PDB questionnaire (aggressiveness scale) showed
a positive correlation of moderate strength (p = 0.627;
p < 0.05). In addition, the volitional self-control questionnaire
score revealed a negative correlation of moderate strength
(p = -0.601; p < 0.05) with T2DM development in 3 years
of follow-up. When examining the relationship between
fasting blood glucose levels and diabetes onset, only
a weak correlation was detected, with a coefficient of
0.213 (p > 0.05). Correlations were also tested with other
indicators.

To study the predictive value of the above indicators that
contribute to T2DM development in military personnel, an
ROC analysis was performed. The analysis included only
age, BMI, WC, insulin resistance index, and psychological
examination indicators according to the volitional self-control
guestionnaire and PDB questionnaire (aggressiveness scale)
because the correlation coefficients between them and T2DM
development were the highest (Table 5).

Table 4. Statistically significant (p < 0.05) correlation coefficients between the indicators of stage 1 and the occurrence of DM2 in military

personnel after 3 years

Ta6nuua 4. CratcTryeckm 3HaumMble (p < 0,05) KoadpuLIMeHTbI KoppenaLmii Mexay NoKasaTenaMW NepBoro 3Tana U BO3HUKHOBEHWEM
caxapHoro auabeta 2-ro Tvna (C[12) y BoeHHOCAYKaLMX Yepe3 3 roga

Indicator Age BMI wc Insulin H?rnﬁ;m Aggressiveness le‘;l-ict:i:r:]t?:)l
Deve opment ;’Lars 0.470 0540 0611 0.606 0,589 0.627 ~0.601
Table 5. ROC analysis of the summarized data
Ta6nuua 5. Ntorosble gavHble ROC-aHanu3a
Indicator Sensitivity, % Specificity, % Area under the curve, c.u. Cutoff point
Age 75 79.4 0.879 37.5
BMI 91.2 33.8 0.938 305
Waist circumference 83.3 98.5 0.993 104.0
HOMA-IR index 91.7 94.1 0.976 5.46
PDB “Aggressiveness” scale 90.3 32.1 0.812 2.5
“Volitional self-control” 833 20.6 0.963 95

questionnaire

DOl https://doi.org/10.17816/brmmal05334
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The quality of the mathematical model for assessing T2DM
risk was determined by the area under the characteristic
curve, and the model quality was considered “very good”
with values ranging from 0.8 to 0.9 [11]. For all indicators
that demonstrated medium and moderate correlations with
T2DM development, the area under the characteristic curve
was > 0.8, which indicates the high quality of the proposed
mathematical model.

In relation to T2DM development in 3 years, the age
of military personnel at a cutoff point of 37.5 years had
sensitivity and specificity of 75% and 79.4%, respectively.
For BMIin the study group, the cutoff point was 30.5 kg/m? with
sensitivity and specificity of 91.2% and 33.8%, respectively.
The highest sensitivity and specificity were demonstrated by
indicators such as WC and HOMA-IR index. For WC, the cutoff
point was 104 cm, with sensitivity and specificity of 83.3%
and 98.5%, respectively. As a prognostic criterion for T2DM
development in military personnel, the cutoff HOMA-IR index
was 5.46, with sensitivity and specificity of 91.7% and 94.1%,
respectively (Table 5).

The scores on the aggressiveness scale of the PDB
psychological questionnaire and volitional self-control
questionnaire showed a high sensitivity of 90.3% and 83.3%,
respectively, but relatively low specificity of 32.1% and
20.6%. The cutoff point was the same for both indicators,
which was 2.5 points.

Based on the ROC analysis results, indicators such as
older age (aged 36-45 years), BMI, WC, HOMA-IR index, and
psychological examination results using the volitional self-
control questionnaire and aggressiveness scale of the PDB
questionnaire can be used to predict with high accuracy
T2DM development in contract military personnel.

Binary logistic regression was used to predict T2DM
development in 3 years for each serviceman based on
age, BMI, WC, HOMA-IR index, volitional self-control
psychological questionnaire, and aggressiveness scale
of the PDB questionnaire. Thus, a stepwise regression
analysis was performed with the forced inclusion of
these indicators of T2DM development. The model with
the highest sensitivity, specificity, and negative and
positive predictive value of psychological examination
result was chosen. After the analysis, a regression
equation was obtained, which included all of the above
indicators.

Thus, the following equation was obtained to calculate
T2DM development in 3 years in military personnel with
a WC of 294 cm:

DP= ‘|/(‘| +2 72—(0.102 - Age +0.025 - BMI +0.493 - WC + 3.475 - HOMA + 8.896 - A-2.5-VSC - 1 15.88))
. ’

where DP is the probability of T2DM development in 3 years;
age for a particular serviceman, years; BMI, kg/m? WC, cm;
HOMA, HOMA-IR index; A, aggressiveness scale score in
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the PDB psychological questionnaire of 1-10 points; VSC,
volitional self-control psychological questionnaire score of
1-10 points.

After entering the data of a specific serviceman and
solving the equation, the probability of T2DM development
in 3 years can be determined. Thus, using the binary
logistic regression method, a mathematical model was
obtained to assess the probability of T2DM development
in military personnel with WC of =94 c¢m, which included
indicators obtained during their annual in-depth medical
examination. This model had sensitivity, specificity, negative
predictive value, and positive predictive value of 95%, 91%,
89.2%, and 87%, respectively. These data indicated that
the mathematical model is sufficiently accurate.

In general, a mathematical model for the probability
of T2DM development in young military personnel with
WC of =94 cm was developed and proposed. In stage 1,
according to the results presented in Table 3, the levels
of immunoreactive insulin and HOMA-IR index showed
statistically significant differences in the groups of military
personnel and persons of common professions. According
to the psychological examination, the military personnel
were characterized by more pronounced emotional tension
than the CG because of the peculiarities of military labor,
which are associated with intense long-term psychological
stress, high cost of error and decision-making, and adverse
environmental factors.

Stage 2 included a search for possible correlations
between the results obtained in stage 1 and the detection
of T2DM after 3 years. A statistically significant positive
correlation of moderate strength was detected between
older (age 36-45 years) military personnel and T2DM
occurrence in 3 years. Positive statistically significant
correlations of moderate strength were found between
the BMI of military personnel and T2DM occurrence
(p = 0.545; p < 0.05). The WC in the study group correlated
positively with the occurrence of carbohydrate metabolism
disorders (T2DM) during 3 years of follow-up (p = 0.606;
p < 0.05). This anthropometric parameter enables us
to characterize the severity of visceral obesity, which,
according to the results of numerous studies, is one of
the most important criteria for a metabolically unhealthy
phenotype [12, 13]. Insulin levels and HOMA-IR index were
statistically, significantly, and positively correlated with
T2DM development in servicemen (p = 0.606 and p = 0.589,
respectively; p < 0.05). The significance of the HOMA-IR
index as a marker of insulin resistance and a risk factor
of T2DM was confirmed by Tang et al. [14]. The results
of the aggressiveness scale of the PDB psychological
questionnaire and volitional self-control questionnaire
showed a high sensitivity (90.3% and 83.3%, respectively),
but relatively low specificity (32.1% and 20.6% respectively).
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In accordance with modern concepts, pronounced anxiety,
stress, and lability of the nervous system are significant
factors in the development of carbohydrate metabolism
disorders. Pathophysiological disorders that occur during
stress can be characterized as a series of neuroendocrine
changes in the hypothalamus-pituitary zone, leading to
changes in the reticular-limbic system and the cerebral
cortex. Stress and excessive nervous reactivity are
characterized by neurohypophysis and autonomic nervous
system disorders with a predominance of sympathetic
influences [15]. Further, the adenohypophysis is activated,
stimulating the synthesis of glucocorticoids (cortisol)
and somatostatin and reducing the generation of opioids
(serotonin) and gonadotropic hormones (prolactin,
testosterone, etc.). This causes an imbalance of regulators
of intracellular processes (cyclic adenosine monophosphate
and cyclic guanosine monophosphate) and arachidonic acid
metabolites. Cortisol is the main glucocorticoid hormone,
and its activity increases sharply during stress [16, 17].
The significance of this factor is indirectly proved by
the higher frequency of detection of metabolic syndrome
components and insulin resistance in individuals exposed
to pronounced psychoemotional influences. Thus, in a study
published in BioMed Central, which enrolled participants of
the operation Desert Storm (n = 253 veterans) who suffered
from post-traumatic stress disorder, the incidence of
the detected metabolic syndrome was two times higher
than the average values of the corresponding age group
[18]. Similar data were provided by the US National Institute
for Occupational Safety and Health. The incidence of
metabolic syndrome in a group of 115 police officers with
established post-traumatic stress disorder was three times
higher than the average values in the corresponding age
groups [19]. According to Russian studies, compared with
people of ordinary professions comparable in age, military
personnel, as representatives of a hazardous occupation,
had a significantly higher incidence of metabolic syndrome
because of excessive exposure to psychoemotional
stress [4].

Currently, many scales are used to assess T2DM risk.
Our study, in general, is a continuation of the largest
Russian study DIARISK that focused on the development
of the first Russian risk calculator for prediabetes and
T2DM, according to which the most significant factors were
age = 52 years for women and age > 59 years for men;
BMI = 31; WC =100 cm in women and WC = 112 cm in men;
for T2DM, age = 52 years in women and age = 59 years in
men, BMI = 31 kg/m?; elevated fasting blood glucose levels;
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WC/hip circumference ratio = 0.85 in women and > 0.92
in men; and arterial hypertension. The sensitivity and
specificity of the constructed logistic regression model for
T2DM are high, with 83.9% and 76.8%, respectively, which
is lower than these indicators for our model. A significant
difference in our study was the selection of only those
individuals who had WC > 94 cm, which predetermined
a higher frequency of carbohydrate metabolism disorders
and a younger age of military personnel in whom they were
detected after 3 years. This confirms the high predictive
value of WC > 94 cm as a predictor of metabolic and
cardiovascular diseases. In addition, the lower sensitivity
and specificity of conventional prognostic models were
probably associated with the use of biochemical parameters
in our equation (insulin level and HOMA-IR index), which
reflect very accurately the level of insulin resistance
and are independently significant predictors of T2DM
[20]. Moreover, the most important result of the study
should be the contribution of psychoemotional stress and
neuropsychological characteristics to the development of
carbohydrate metabolism disorders in military personnel,
which must be taken into account when creating predictive
models for this cohort [21]. The mathematical model
obtained can contribute to the prevention and early detection
of T2DM in personnel with hazardous employment.

CONCLUSIONS

1. The indicators with the greatest influence on T2DM
development include older age (36-45 years), BMI, WC,
HOMA-IR index, and psychological examination indicators
(PDB aggressiveness scale and volitional self-control
questionnaire).

2. A mathematical model has been developed
for assessing the probability of T2DM development
using the binary logistic regression method. The use
of the proposed model will enable prediction of T2DM
development in military personnel with WC of > 94 cm in
3 years, which will allow identifying a risk group among
them that require a set of preventive measures (diet, work
and rest regimen, additional physical exercises, weight loss)
and additional control by the medical service of the military
unit (hospitalization for more in-depth diagnostics). These
measures were assumed to prevent T2DM development in
this cohort of military personnel.

3. The mathematical model developed has sensitivity,
specificity, negative predictive value, and positive predictive
value of 95%, 91%, 89.2%, and 87%, respectively.
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