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Abstract
Objective. To investigate changes in laboratory parameters in patients with acute calculous cholecystitis during full–scale war 
in Ukraine. 
Materials and Methods. We examined complete blood counts, coagulograms, biochemical markers of liver and kidney function, 
lipid profi les, and levels of D–dimer, C–reactive protein, cortisol, ferritin, procalcitonin, magnesium, and vitamin D levels in 78 
patients with acute calculous cholecystitis who were treated at the Odesa Regional Clinical Hospital between 2022 and 2025 
(prospective group), and in 72 patients with acute calculous cholecystitis who were treated in the Department of General and 
Minimally Invasive Surgery at the Odesa Regional Clinical Hospital from 2017 to 2021 (retrospective group).
Results. The values for erythrocyte sedimentation rate, platelet count, white blood cell count, monocyte count, prothrombin 
time, prothrombin index, and levels of fi brinogen, glucose, bilirubin, total cholesterol, creatinine, low–density lipoproteins, 
cortisol, D–dimer, procalcitonin, and activated partial thromboplastin time in the prospective group were statistically signifi cantly 
higher than the corresponding values in the retrospective group, while the values for red blood cell count, lymphocyte count, 
hemoglobin levels, hematocrit, international normalized ratio, blood fi brinolytic activity, total protein, ferritin, magnesium, and 
vitamin D were statistically signifi cantly (p < 0.001) lower than in the retrospective group. 
Conclusions. Due to the hostilities in Ukraine, the etiopathogenic mechanisms and clinical and laboratory characteristics of 
acute calculous cholecystitis are changing; this condition occurs against a background of impaired function of the digestive, 
hepatopancreatobiliary, and urinary systems, changes in patients’ immunological status with increased severity of infl ammatory 
processes, alterations in the blood coagulation system, and the development of anemia. Studying changes in laboratory 
parameters resulting from disturbances in the compensatory and adaptive mechanisms in patients with acute calculous 
cholecystitis during the period of full–scale war in Ukraine is necessary to determine diagnostic and therapeutic strategies, 
which include both conservative and surgical treatment methods.
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Results

Table 1

Table 1. 
Com

plete blood count param
eters in patients w

ith CH
D

 (M
 ± SD

)

Param
eter 

Reference  
value 

Patient group 
p 

Retrospective  
(n = 72) 

Prospective ( 
n = 78) 

h 
f 

m
  

(n=29) 
f  

(n=43) 
m

  
(n=19) 

g  
(n=59) 

r
1 

(h) 
p

2 

(f) 

Red blood cells, ×
10¹² 

4.0–5.0 
3.7–4.7 

4.9 ± 0.2 
95%

 CI (4.97, 4.92) 
4.76 ±

 0.24 
95%

 CI (4.8, 4.72) 
3.50 ±

 0.16 
95%

 CI (3.58, 3.42) O
R = 1.35 

3.40 ±
 0.15 

95%
 CI (3.44, 3.36) O

R = 1.38 
< 0.001 

< 0.001 

H
em

oglobin, g/L 
130–160 

120–140 
161.6 ± 6.5 

95%
 CI (164.5, 158.7) 

140 ± 6.0 
95%

 CI (140.9, 139.1) 
101.0 ± 5.3* 

95%
 CI (102.2, 99.8) O

R = 1.59 
100.0±5.2* 

95%
 CI (100.7, 99.3) O

R= 1.41 
< 0.001 

< 0.001 

H
em

atocrit, %
  

35–54 
54.4 ±

 2.2 
95%

 CI (55.2, 53.6) 
52.7 ±

 2.3 
95%

 CI (53.4, 52.0) 
34.0 ±

 1.6* 
95%

 CI (34.7, 33.3) O
R = 1.6 

35.1 ±
 1.7*  

95%
 CI (35.52, 34.8) O

R= 1.51 
< 0.001 

< 0.001 

W
hite blood cells, × 109/L

 
4.0–9.0 

9.25 ±
 0.46 

95%
 CI (9.42, 9.08) 

10.4 ±
 0.52 

95%
 CI (10.55, 10.25) 

11.1 ±
 0.48* 

95%
 CI (11.31, 10.89) O

R = 0.83
12.5 ±

 0.48* 
95%

 CI (12.62, 12.38) O
R = 0.84

= 0.008 
= 0.004 

Lym
phocytes, %

  
19–37 

36.4 ±
 0.95 

95%
 CI (36.78, 36.01) 

37.2 ±
 1.8 

95%
 CI (37.73, 36.7) 

13 ± 0.65* 
95%

 CI (13.29, 12.7) O
R = 2.8 

12 ± 0.61* 
95%

 CI (12.16, 11.84) O
R = 3.1 

< 0.001 
< 0.001 

M
onocytes, %

 
3–10 

14.2 ±
 0.61 

95%
 CI (14.42, 13.98) 

12.1 ±
 0.5 

95%
 CI (12.25, 11.95) 

17 ± 0.84* 
95%

 CI (17.38, 16.62) O
R = 0.8 

17 ± 0.85* 
95%

 CI (17.22, 16.78) O
R = 0.7 

= 0.021 
= 0.018 

ESR m
m

/h  
1.0–10.0 

2–15 
10.1 ±

 0.51 
95%

 CI (11.29, 8.91) 
15.5 ±

 0.78 
95%

 CI (15.73, 15.27) 
16.1 ±

 0.86* 
95%

 CI (16.48, 15.72) O
R = 0.63

17.1 ±
 0.86* 

95%
 CI (17.32, 16.88) O

R = 0.91
< 0.001 

< 0.001 

N
ote. 

* – p < 0.001 com
pared to the corresponding retrospective data by gender; M

 – m
en; F – w

om
en. The sam

e applies to Tables 2 and 3. 
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Table 2

Ta
bl

e 
2.

 
Bl

oo
d 

co
ag

ul
at

io
n 

pa
ra

m
et

er
s 

in
 p

at
ie

nt
s 

w
it

h 
CH

D
 (M

±S
D

)

Pa
ra

m
et

er
 

Re
fe

re
nc

e 
va

lu
e 

Pa
ti

en
t g

ro
up

 
p 

Re
tr

os
pe

ct
iv

e 
 

(n
 =

 7
2)

 
Pr

os
pe

ct
iv

e 
 

(n
 =

 7
8)

 

h 
 

(n
 =

 2
9)

 
f  

(n
=4

3)
 

m
  

(n
=1

9)
 

g 
(n

=5
9)

 
r 1

 

(h
) 

p 2
 

 (f
) 

Pl
at

el
et

s,
 ×

 1
09  

15
0–

39
0 

39
8.

2 
± 

19
.9

 
95

%
 C

I (
40

5.
4,

 3
91

) 
40

0 
± 

19
.8

 
95

%
 C

I (
40

5.
9,

 4
00

) 
43

8.
0 

± 
19

.2
* 

95
%

 C
I (

44
6.

6,
 4

29
.4

) O
R 

= 
0.

93
 

44
0 

± 
19

.3
* 

95
%

 C
I (

44
4.

9,
 4

35
.1

) O
R 

= 
0.

93
 

=0
.1

5 
=0

.1
1 

PI
, %

 
90

–1
05

 
10

3.
5 

± 
5.

1 
95

%
 C

I (
10

5.
4,

 1
01

.7
) 

10
4.

4 
± 

5.
2 

95
%

 C
I (

10
5.

9,
 1

02
.9

) 
13

4.
6±

6.
2*

 
95

%
 C

I (
13

7.
4,

 1
31

.8
) O

R 
= 

0.
77

 
13

5.
0 

± 
6.

7*
 

95
%

 C
I (

13
7.

4,
 1

34
) O

R 
= 

0.
77

 
< 

0.
00

01
 

< 
0.

00
01

 

M
RV

 
0.

85
–1

.2
 

1.
21

 ±
 0

.6
2 

95
%

 C
I (

1.
44

, 0
.9

8)
 

1.
17

 ±
 0

.5
9 

95
%

 C
I (

1.
35

, 0
.9

9)
 

0.
7 

± 
0.

03
* 

95
%

 C
I (

37
.0

9,
 0

.6
9)

 O
R 

= 
1.

73
 

0.
65

 ±
 0

.0
3*

  
95

%
 C

I (
0.

65
7,

 0
.6

43
) O

R 
= 

0.
76

 
< 

0.
00

03
 

< 
0.

00
01

 

A
PT

T,
 s

 
27

.6
–3

7.
2 

27
.8

 ±
 1

.4
 

95
%

 C
I (

28
.1

, 2
7.

1)
 

27
.9

 ±
 1

.5
 

95
%

 C
I (

28
.4

, 2
7.

5)
 

37
.1

 ±
 2

.2
* 

95
%

 C
I (

38
.1

, 3
6.

1)
 O

R 
= 

0.
75

 
37

.3
 ±

 2
.3

* 
95

%
 C

I (
37

.9
, 3

7.
3)

 O
R 

= 
0.

74
 

= 
0.

00
04

 
= 

0.
00

02
 

Fi
br

in
og

en
, g

/L
  

2–
4 

3.
9 

± 
0.

2 
95

%
 C

I (
3.

97
, 3

.8
3)

 
3.

9 
± 

0.
2 

95
%

 C
I (

3.
96

, 3
.8

4)
 

5.
4 

± 
0.

26
* 

95
%

 C
I (

5.
56

, 5
.2

4)
 O

R 
= 

0.
72

 
5.

8 
± 

0.
29

* 
95

%
 C

I (
5.

87
, 5

.7
3)

 O
R 

= 
0.

66
 

< 
0.

00
01

 
< 

0.
00

01
 

H
R,

 s
 

10
.4

–1
2.

6 
12

.7
 ±

 0
.6

4 
95

%
 C

I (
12

.9
3,

 1
2.

47
) 

12
.8

 ±
 0

.6
3 

95
%

 C
I (

12
.9

9,
 1

2.
61

) 
4.

23
 ±

 0
.2

1*
 

95
%

 C
I (

4.
32

, 4
.1

4)
 O

R 
= 

1.
23

 
4.

27
 ±

 0
.2

1*
 

95
%

 C
I (

4.
32

, 4
.2

2)
 O

R 
= 

3.
0 

<0
.0

00
1 

< 
0.

00
01

 

FL
A

C,
 m

in
 

17
0–

22
0 

19
8.

8 
± 

12
.4

 
95

%
 C

I (
20

3.
2,

 1
94

.4
) 

19
3.

3 
± 

9.
7 

95
%

 C
I (

19
6.

2,
 1

90
.4

) 
16

5.
5 

± 
10

.1
* 

95
%

 C
I (

17
0,

 1
62

) O
R 

= 
1.

2 
15

9.
0 

± 
14

.0
* 

95
%

 C
I (

16
2.

6,
 1

55
.4

) O
R 

= 
1.

2 
=0

.0
21

 
= 

0.
00

02
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Table 3. 
Biochem

ical blood test results, laboratory values for inflam
m

atory biom
arkers, and levels of total vitam

in D
 and m

agnesium
 

in the blood of patients w
ith CH

D
 (M

±SD
) 

Param
eter 

Reference range 

Patient group 
p 

Retrospective  
(n = 72) 

Prospective  
(n = 78) 

C  
(n = 29) 

F  
(n=43) 

M
 

 (n=19) 
F  

(n=59) 
r

1    
(M

) 
p

2 

(F) 

Total protein, g/L 
66.0 – 87.0 

67.0 ±
 3.7 

95%
 CI (67.34, 64.7) 

68.0 ±
 3.6 

95%
 CI (68.07, 65.93) 

55.0 ±
 3.1* 

95%
 CI (56.4, 53.6) O

R = 1.2 
55.8 ±

 3.2* 
95%

 CI (56.6, 55.0) O
R = 1.2 

< 0.001 
< 0.001 

Serum
 glucose, m

m
ol/L 

3.88 – 6.38 
5.4 ± 0.2 

95%
 CI (5.47, 5.33) 

5.7 ± 0.3 
95%

 CI (5.79, 5.61) 
6.1 ± 0.4* 

95%
 CI (6.28, 5.92) O

R = 0.88 
6.4 ± 0.3* 

95%
 CI (6.48, 6.32) O

R = 0.91 
< 0.001 

< 0.001 

Total bilirubin, μm
ol/L 

5.0–21.0 
19.6 ±

 1.1 
95%

 CI (20.0, 19.2) 

20.1 ±
 1.2 

95%
 CI 

(20.46, 19.74) 

20.6 ±
 1.03 

95%
 CI (21.1, 20.140) O

R = 0.93 
21.4 ±

 1.1 
95%

 CI (21.68, 21.12) O
R = 0.91 

0.002 
<0.001 

LD
H

, U
/L 

135.0 – 214.0 
220.3 ± 4.8 

95%
 CI (222, 218.6) 

206.7 ± 3.9 
95%

 CI (207.9, 205.54) 

286.4 ± 5.6* 
95%

 CI (288.9, 283.9) R-squared 
= 0.78 

289.4 ± 5.6* 
95%

 CI (290.8, 288) R-squared = 
0.72 

< 0.001 
< 0.001 

A
LT, U

/L 
U

p to 31.0 
31.3 ±

 1.2 
95%

 CI (31.34, 31.26) 
32.1 ±

 1.3 
95%

 CI (32.49, 31.71) 
40.7 ±

 1.7* 
95%

 CI (41.46, 39.9) O
R = 0.78 

41.7 ±
 1.7* 

95%
 CI (42.1, 41.3) O

R = 0.78 
< 0.001 

< 0.001 

A
ST, U

/L 
U

p to 31.0 
30.9 ±

 1.7 
95%

 CI (31.52, 30.32) 
31.6 ±

 1.8 
95%

 CI (32.13, 31.1) 
43.2 ±

 1.86* 
95%

 CI (44.03, 42.37) O
R = 0.71 

44.2 ±
 1.86* 

95%
 CI (44.67, 43.7) O

R = 0.72 
< 0.001 

< 0.001 

LF, U
/L 

40.0 – 129.0 
40.0 ±

 3.6 
95%

 CI (41.3, 38.7) 
41.1 ±

 3.7 
95%

 CI (42.2, 40) 
65.7 ±

 4.2* 
95%

 CI (67.6, 63.8) O
R = 0.63 

65.8 ±
 4.2* 

95%
 CI (66.9, 64.7) O

R = 0.64 
< 0.001 

< 0.001 

Total cholesterol, 
m

m
ol/L 

> 7.8 – high risk; 
< 5.2 – no risk 

5.2 ± 0.26 
95%

 CI (5.29, 5.1) 
5.3 ± 0.26 

95%
 CI (5.38, 5.22) 

7.8 ± 0.31* 
95%

 CI (7.94, 7.66) O
R = 0.67 

7.9 ± 0.32* 
95%

 CI (7.92, 7.88) O
R = 0.68 

< 0.001 
< 0.001 

LD
L-C, m

m
ol/L 

< 1.8 – high risk; 
< 2.6 – m

oderate risk; 
< 3.0 – low

 risk 

2.6 ± 0.04 
95%

 CI (2.61, 2.59) 
2.82 ±

 0.08 
95%

 CI (2.84, 2.8) 
1.95 ±

 0.06* 
95%

 CI (1.98, 1.92) O
R = 1.34 

2.1 ± 0.06* 
95%

 CI (2.12, 2.08), O
R = 1.34 

< 0.001 
< 0.001 

Creatinine, μm
ol/L 

44.0 – 80.0 
80.8 ±

 3.9 
95%

 CI (82.2, 79.4) 
81.7 ±

 4.1 
95%

 CI (83.9, 80.5) 
88.9 ±

 4.4* 
95%

 CI (90.86, 86.94) O
R = 0.9 

89.9 ±
 4.7* 

95%
 CI (91.1, 88.7) O

R = 0.95 
< 0.001 

< 0.001 

Serum
 cortisol, nm

ol/L 
Blood draw

 at 9:00 a.m
.: 

140–700 
687.5 ± 19.3 

95%
 CI (694.5, 680.5) 

673 ± 26.2 
95%

 CI (680.8, 665.2) 
825 ± 27.1* 

95%
 CI (837.1, 812.9) O

R = 0.83 
875 ± 35.3* 

95%
 CI (884, 866) O

R = 0.74 
< 0.001 

< 0.001 

Cortisol in 24-hour 
urine, μg/24 h 

50.0–190.0 
185 ± 5.5 

95%
 CI (187, 183) 

192.6 ± 5.8 
95%

 CI (194.3, 190.9) 
222.0 ± 7.2* 

95%
 CI (225.2, 218.8) O

R = 0.84 
231.1 ± 6.6* 

95%
 CI (232.8, 229.4) O

R = 0.82 
< 0.001 

< 0.001 

D
-dim

er  
<0.5 μg/m

L (or <500 
ng/m

L) in FEO
 

254.2 ± 12.3 
95%

 CI (258.7, 249.7) 
262.4 ± 12.6 

95%
 CI (266.1, 258.7) 

355.9 ± 17.4* 
95%

 CI (363.7, 348.1) O
R = 0.71 

365.9 ± 16.4* 
95%

 CI (370.1, 361.7) O
R = 0.71 

< 0.001 
< 0.001 

CRP, m
g/L 

< 0.3 – 5 
29.7 ±

 1.5 
95%

 CI (30.2, 29.16) 
33.3 ±

 1.7 
95%

 CI (33.8, 32.8) 
89 ± 4.5* 

95%
 CI (91, 87) O

R = 0.33 
100 ± 5.0* 

95%
 CI (101.3, 98.7) O

R = 0.34 
< 0.001 

< 0.001 

Ferritin, ng/m
L 

13.0 – 150.0 
12.8 ±

 0.7 
95%

 CI (12.84, 12.76) 
13.3 ±

 0.7 
95%

 CI (13.5, 13.1) 
18 ± 0.5* 

95%
 CI (18.2, 17.8) O

R = 0.71 
27 ± 0.5* 

95%
 CI (27.13, 26.9) O

R = 0.49 
< 0.001 

< 0.001 

Procalcitonin, ng/m
L 

0.0 – 0.5 
2.42 ±

 0.12 
95%

 CI (2.46, 2.38) 
5.78 ±

 0.29 
95%

 CI (5.87, 5.69) 
1.1 ± 0.06* 

95%
 CI (1.13, 1.07) O

R = 2.2 
1.7 ± 0.09* 

95%
 CI (1.72, 1.68) O

R = 3.4 
< 0.001 

< 0.001 

M
agnesium

, m
m

ol/L 
0.7 – 1.05 

0.72 ±
 0.04 

95%
 CI (0.73, 0.71) 

0.7 ± 0.04 
95%

 CI (0.71, 0.69) 
0.6 ± 0.03* 

95%
 CI (0.61, 0.59) O

R = 1.19 
0.41 ±

 0.02* 
95%

 CI (0.415, 0.405) O
R = 1.69 

< 0.001 
< 0.001 

Vitam
in D

 (total), ng/m
L 

6.23 – 49.9 
9.3 ± 0.47 

95%
 CI (9.47, 9.13) 

8.2 ± 0.41 
95%

 CI (8.32, 8.08) 
7.2 ± 0.36* 

95%
 CI (7.36, 7.04) O

R = 1.29 
6.3 ± 0.32*  

95%
 CI (6.38, 6.22) O

R = 1.3 
< 0.001 

< 0.001 

N
ote. 

FEU
 – fibrin equivalent units. 
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Table 4. 
Etiopathogenesis of CH

D
 in the Context of H

ostilities in U
kraine

Risk factors  
Psychoem

otional stress: 
chronic stress, anxiety; 

activation of the sym
pathetic-

adrenal system
; 

disruption of neuroendocrine 
regulation 

Eating disorders: 
irregularity; 

lack of liquid and hot m
eals, fast 

food;  
excess fat, lack of fiber and 

vitam
ins 

D
ehydration: 

lim
ited w

ater intake, 
intense physical activity, fluid 

loss due to heat, equipm
ent, or 

stress 

Physical inactivity: 
(for m

ilitary personnel and 
civilians): 

a sedentary lifestyle, prolonged 
stays in shelters 

W
ar-related factors 

A
bnorm

alities in bile com
position and function 

Increased cholesterol content in 
bile 

D
ecreased levels of bile acids 

D
ecreased levels of 
phospholipids 

Increased bile viscosity 
Increased lithogenicity of bile 

Form
ation of gallstones (cholelithiasis) 

Cholesterol crystallization 
Form

ation of m
icroliths 

G
row

th and aggregation of calculi 
Form

ation of calculi  
(gallstones) 

D
isruption of gallbladder m

otility 
D

yskinesia (hypotonia and hypokinesia) 
Bile stasis; 

increased intra-gallbladder pressure 
O

bstruction of the neck/gallbladder duct by a calculus 

Inflam
m

ation of the gallbladder w
all 

Ischem
ia of the gallbladder w

all  
(due to increased pressure  

and im
paired m

icrocirculation) 

D
am

age to the epithelium
, 

increased perm
eability 

Bile infection  
(bacterial translocation: E. coli, 

Klebsiella,  
Enterococcus, etc.) 

Inflam
m

atory response  
(cytokines: interleukin-1, 

interleukin-6, tum
or necrosis 

factor-α, leukocyte infiltration, 
edem

a) 

CH
C 

Possible com
plications 

G
allbladder em

pyem
a 

G
allbladder perforation 

Pericholecystitis, abscess 
Cholangitis 

Pancreatitis 
Sepsis 

A
ggravating factors during w

artim
e 

Lim
ited access  

to m
edical care (delayed 

presentation, evacuation 
difficulties) 

D
iagnostic lim

itations 
(lack of ultrasound, 

laboratory tests) 

Shortage of m
edications 

and resources 
H

ypotherm
ia, physical 

exhaustion 
Concom

itant injuries, 
blood loss, 

m
icrocirculatory disorders 

Increased risk of severe 
acute coronary syndrom

e 
and the developm

ent of 
its com

plications 
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Table 4
in Table 4 

Discussion
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