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Abstract

Summary. In diabetic ketoacidosis, significant metabolic disorders develop in all organs and tissues, including the
myocardium. The main energy substrate in the myocardium are fatty acids. The objective was to study the fractional
composition of serum in patients with TIDM, complicated by diabetic ketoacidosis (DKA), depending on the severity of
DKA. Materials and methods. Determination of the fatty acid spectrum of serum lipids was carried out in the following
groups of patients: 68 patients with compensated type 1 diabetes mellitus (group 1); 54 patients with type 1 diabetes
complicated by mild ketoacidosis ( group 2); and 42 patients with diabetes mellitus complicated by moderate and
severe ketoacidosis (group 3). Extraction of lipids from serum was performed according to the method developed
by J. Folh et al. (1957), after which methylation of fatty acids was carried out according to the method proposed by
K. M. Sinyak et al., with subsequent analysis using the Crystal-2000M gas chromatograph (Russia). Results. All patients
with type 1 diabetes mellitus compared with the group of healthy individuals showed an increase in the total content
of saturated fatty acids, a decrease in the total concentration of unsaturated fatty acids, as well as an increase in the
ratio of saturated / unsaturated fatty acids. At the same time, a significant difference between the studied groups was
revealed. The most pronounced changes were found in the group of patients with type 1 diabetes mellitus complicated
by moderate to severe ketoacidosis. Conclusions. These changes develop as part of a general systemic metabolic
disorder in a given cohort of patients.
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In recent years, there has been an increasing down-
ward trend in the mortality rate due to true diabetic
causes, such as diabetic coma as a result of keto-
acidosis or hypoglycemia [2, 3]. According to the
Register of Diabetes Mellitus (DM), as of 2017 this
figure fell to 1.5 % [2, 3]. However, among other
causes of death in patients with type 1 diabetes

mellitus (T1DM), cardiovascular morbidity remains
dominant (39.8 %): myocardial infarction, cerebro-
vascular disorders, chronic heart failure and acute
cardiovascular events, such as cardiac rhythm dis-
orders, pulmonary embolism, thrombosis, sudden
cardiac death, cardiogenic shock, and cerebral
edema [2, 3].
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In diabetic ketoacidosis (DKA), significant meta-
bolic disorders develop in all tissues and organs.
And myocardium is no exception [4, 5, 6]. It is well
known that the main energy substrate for the car-
diac muscle is fatty acids [4, 5, 7]. According to liter-
ature, they account for 60-70 % of the myocardium
energy demands [4, 5, 7]. Medical literature exten-
sively covers the changes occurring in the fatty acid
composition of serum lipids in conditions, such as
ischemic heart disease, hypertension, inflamma-
tory and dystrophic conditions of the myocardium,
acute alcohol-induced cardiac damage, etc. [1], and
the study of fractional composition of serum lipids
in patients with TADM complicated by diabetic
ketoacidosis (DKA), depending on DKA severity.
However, the issue of how the fatty acid composi-
tion changes in patients with T1DM complicated
by DKA, depending on DKA severity, remains
poorly studied. One of the proposed mechanisms of
development of cardiovascular disorders in patients
with T1DM complicated by DKA can be impaired
metabolism and composition of fatty acids.

Study objective: to investigate the fractional
composition of serum lipids in patients with T1DM
(DKA),

complicated by diabetic ketoacidosis

depending on DKA severity.

Materials and Methods

The fatty acid composition of serum lipids was stud-
ied in the following groups of patients: Group 1 —
68 patients with compensated T1DM; Group 2 —
54 patients with T1DM complicated by mild DKA;
Group 3 — 42 patients with moderate and severe
DKA. Patients in Groups 2 and 3 were hospitalized
at the decompensation stage. T1DM and severity
of DKA were diagnosed on the basis of the relevant
criteria of National Guidelines for the diagnosis
and treatment of DM patients, which relied on the
therapeutic standards established by the WHO [2].
The mean age of the patients was 29.2+8.9 years.
Blood sampling for the analysis was performed on
day 1 after admission. The compensation of carbo-
hydrate metabolism in Group 1 patients was con-
firmed by daily glycemia and glycated hemoglobin
level. The control group included 32 healthy indi-
viduals without impaired carbohydrate metabolism
and risk factors for cardiovascular diseases, who

were comparable in gender and age to patients in
Groups 1, 2 and 3.

Venous blood was used as study material. Lipids
were extracted from serum by the method devel-
oped by J. Fohl et al. (1957), and then fatty acids
(FAs) were methylated according to the method
proposed by K. M. Sinyak et al. (1976), followed by
analysis using the Crystal-2000M gas chromato-
graph (Russia). Fatty Acid Methyl Ester (FAME)
Standard produced by Sigma (USA) was used for
calibration. Peaks were calculated and identified
using the Analytica for Windows software and
hardware package based on IBM Pentium IV 1800.
Concentrations of the following higher FAs were
determined: myristic (C14:0), palmitic (C16:0), stea-
ric (C18:0), palmitoleic (C16:1), oleic (C18:1), lin-
oleic (C18:2w6), a-linolenic (C18:3w3), y-linolenic
(C18:3w6), dihomo-y-linolenic (C20:3w6), and
arachidonic (C20:4w6).

Statistica 6.0 software package was used for statisti-
cal data processing. The significance of differences
among the study groups was assessed using the
non-parametric Mann-Whitney test. Differences
at p<0.05 were considered statistically significant.
The data were presented as median, 25th and 75th
percentiles (Me 25p; 75p).

Results and Discussion

When analyzing serum concentrations of fatty
acids in T1DM patients depending on the severity
of DKA, we identified regular changes in the fatty-
acid profile, as presented in the table below.

What attracts attention is the significant increase in
the total content of saturated fatty acids (SFAs), the
decrease in the total concentration of unsaturated
fatty acids (USFAs), as well as the increase in the
SFA/USFA ratio in all TADM patients as compared
to healthy individuals. Statistically significant dif-
ferences among the study groups were found.
The total content of SFAs in the group of patients
with T1DM complicated by mild DKA increased
by 12.9 % as compared to those in T1DM patients
without DKA (p=0.003). This figure in the group of
patients with T1DM complicated by moderate and
severe DKA increased by 198 % as compared to
that in T1DM patients without DKA, and by 6 % as
compared to the patients with T1DM complicated
by mild DKA (p<0.001).
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Table 1. Fatty acid composition of serum lipids in patients with type 1 diabetes complicated
by diabetic ketoacidosis (Me (25th; 75th))
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Type 1 diabetes mellitus
Control
Parameter (healthy) No DKA Mild DKA Moderate and
(n=31) (n=68) (n=54) severe DKA
(n=42)
C14:0,% 0.92 1.15 1.13 216
(0.67,1.19) (1.01;1.92) (1.09; 1.46) (2.13; 2.36)
p<0.001 p<0.001 p<0.001
£,<0.001
p,<0.001
C16:0,% 24.37 28.96 30.86 32.8
(21.69; 27.29) (25.97, 30.09) (26.37, 32.68) (29.94; 35.68)
p<0.001 p<0.001 p<0.001
p,=0.008 p,<0.001
p,<0.001
C18:0,% AT 6.88 8.68 9.29
(5.66; 8.37) (6.12; 8.26) (71.52;9.24) (8.55;9.55)
p<0.001 p<0.001
p,<0.001 p,<0.001
p,=0.003
C16:1,% 3.19 3.23 2718 2.53
(2.89; 4.82) (2.51; 4.64) (2.58; 3.48) (2.31; 2.78)
p<0.001 p<0.001
p,=0.017 p,<0.001
p,<0.001
C18:1,% 23.66 23.85 211 19.77
(20.62; 25.2) (21.95; 25.37) (20.31; 24.54) (18.92; 21.4)
p,<0.001 p<0.001
p,<0.001
p,<0.001
C18:3w3,% 1.72 1.53 1.24 1.15
(1.35; 2.91) (1.1;1.71) (0.74; 1.6) (0.8;1.29)
p<0.001 p=0.004 p<0.001
p,=0.024 p,=0.007
C18:2w6,% 31.74 26.33 26.22 24.21
(26.95; 34.32) (24.45; 30.59) (24.54; 28.59) (23.59; 25.38)
p<0.001 p<0.001 p<0.001
p,<0.001
p,<0.001
C18:3w6,% 0.43 0.95 1.32 2.07
(0.33;0.71) (0.50; 1.53) (0.76; 1.42) (1.82; 2.36)
p<0.001 p<0.001 p<0.001
p,<0.001
p,<0.001
C20:3w6,% 0.92 1.19 1.63 1.99
(0.78; 1.09) (0.96; 1.65) (1.22; 1.76) (1.39;2.1)
p<0.001 p<0.001 p<0.001
p,=0.007 p,=0.003
p,<0.001
C20:406,% 417 3.42 3.58 2.88
(3.77,71.28) (2.69; 5.41) (2.9;5.15) (2.57;3.22)
p<0.001 p=0.001 p<0.001
p,<0.001
p,<0.001
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Table 1. (The end)

Type 1 diabetes mellitus

Control
Parameter (healthy) No DKA Mild DKA Moderate and
(n=31) (n=68) (n=54) severe DKA
(n=42)
¥ polyunsaturated 39.77 34.5 33.67 321
fatty acids (37.02; 45.55) (32.0; 39.75) (31.24; 37.04) (30.84; 33.94)
p<0.001 p<0.001 p<0.001
p,<0.001
p,=0.01
> monounsaturated 2751 23.36 24.67 22.31
fatty acids (23.6; 29.03) (25.78; 31.22) (23.03; 27.5) (21.5; 23.58)
p<0.001 p<0.001 p<0.001
p,<0.001
p,<0.001
> unsaturated fatty 66.9 63.47 59.93 54.62
acids (65.9; 69.24) (61.81; 65.08) 566; 62.6) 5368; 55.65)
p<0.001 p<0.001 p<0.001
p,<0.001 p,<0.001
p,<0.001
¥ saturated fatty acids 33.08 36.64 114 43.9
(30.76; 34.1) (33.8;37.7) (35.56; 43.66) (42.35; 47.34)
p<0.001 p<0.001 p<0.001
p,=0.003 p,<0.001
p,<0.001
2 w6 acids 38.45 331 32.33 31.23
(35.8; 43.59) (30.47, 31.23) (30.74; 35.95) (29.96; 32.44)
p<0.001 p<0.001 p<0.001
p,<0.001
p,<0.001
> w3 acids 1.72 1.53 1.24 111
(1.35; 2.91) (111;1.71) (0.74;1.6) (0.8;1.29)
p<0.001 p=0.004 p<0.001
p,=0.024 p,=0.007
p,<0.001
Saturated fatty acids / 0.49 0.57 0.7 0.81
unsaturated fatty (0.44; 0.52) (0.53; 0.61) 058; 0.76) (0.75; 0.87)
acids, units p<0.001 p<0.001 p<0.001
p,=0.005 p,<0.001
p,<0.001
Poly-/ 1.32 1.32 1.37 1.42
monounsaturated (1.04; 1.54) 104; 1.54) 137, 1.51) 137, 1.58)
fatty acids, p=0.016 p=0.001 p<0.001
units p,=0.005
p,=0.034
03/w6, units 0.04 0.05 0.03 0.03
(0.03;0.06) 003; 0.05) 003; 0.05) (0.03;0.04)
p=0.006 p=0.006
p,=0.037 p,=0.006
Saturated / 0.81 1.06 113 1.41
polyunsaturated fatty (0.72;0.91) (0.91;1.16) 103; 1.27) (1.26; 1.48)
acids, units p<0.001 p<0.001 p<0.001
p,=0.003 p,<0.001

Note: n — number examined; p — level of significance of differences compared to control; p, — level of significance of differences compared

with the group without ketoacidosis; p, — level of significance of differences compared with the group of mild ketoacidosis
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In analyzing concentrations of individual satu-
rated fatty acids, it can be seen that statistically sig-
nificant changes as compared to T1DM patients
without DKA were observed only in concentrations
of palmitic (C16:0) and stearic acids (C18:0) in the
group of patients with T1DM complicated by mild
DKA. These figures increased by 6.6 % (p=0.008)
and 26.1 % (p<0.001), respectively, as compared to
similar parameters in Group 1. It should be noted
that the concentrations of stearic acid showed no
statistically significant difference between the
group of T1DM patients without DKA and healthy
individuals. The most pronounced changes in all
the SFAs studied were identified in the group of
patients with T1DM complicated by moderate and
severe DKA. The content of myristic acid (C14:0)
was 87.8 % higher than in the group of T1DM
patients without DKA, and 91.1 % higher than
that in patients with T1DM complicated by mild
DKA (p<0.001). As for palmitic (C16:0) and stea-
ric (C18:0) acids, their concentrations in Group
3 was much higher than these figures in Groups
1 and 2. Concentrations of palmitic acid (C16:0)
were 13.2 % and 6.3 % higher than those in the
groups of T1DM patients without DKA (p<0.001)
and patients with T1DM complicated by mild
DKA (p=0.008), respectively. Levels of stearic
acid (C18:0) were 35 % and 7 % higher than in
the above-mentioned study groups, respectively
(p<0.001; p=0.003 for Groups 2 and 3). Myris-
tic acid (C14:0) concentrations in all of the study
groups were similar to those in the control group.
No statistical difference was found for this param-
eter between T1DM patients without DKA and
with mild DKA. In contrast, the concentration of
myristic acid (C14:0) in the group of patients with
moderate and severe DKA was 87.8 % and 91.1 %
higher than that in Groups 1 and 2, respectively,
and the difference with the control group was
163.4 % (p<0.001).

The total content of polyunsaturated fatty acids in
T1DM patients without DKA was 94.8 % of the level
reported in the control group. The figure was 6.6 %
higher than in patients with T1DM complicated by
mild DKA, and 13.9 % higher than in patients with
T1DM complicated by moderate and severe DKA.
Differently directed changes were noticeable when
considering concentrations of individual USFAs of
serum lipids.

It should be noted that no statistically significant
difference was identified, based on concentrations
of palmitoleic (C16:1) and oleic acids (C18:1),
between the control group and T1DM patients
without DKA. On the contrary, concentrations
of linoleic (C18:2w6), a-linolenic (C18:3w3) and
arachidonic (C20:4w6) acids in Group 1 were lower
by 17 %, 11 % and 17.9 %, respectively, as com-
pared to healthy individuals (p<0.001), and levels
of y-linolenic (C18:3w6) and dihomo-y-linolenic
(C20:3w6) acids were higher by 120 % and 29.3 %,
respectively.

Statistically significant changes, as compared to
the control group and T1DM patients without
DKA, were observed in concentrations of palmi-
toleic (C16:1), oleic (C18:1), linoleic (C18:2w6),
a-linolenic (C18:3w3), and dihomo-y-linolenic
(C20:3w6) acids in both groups of patients with
T1DM complicated by DKA. The concentrations
of palmitoleic acid (C16:1) decreased by 12.8 %
and 14 %, respectively, in the group of patients with
T1DM complicated by mild DKA, and by 20.6 %
and 217 %, respectively, in patients with T1DM
with moderate and severe DKA (p<0.001). The
concentration of oleic acid (C18:1) in serum lipids
in Groups 2 and 3 was lower than that in T1DM
patients without DKA by 9 % and 17.1 %, respec-
tively (p<0.001). The reduction in a-linolenic
acid (C18:3w3) was 19 % and 24.8 %, respectively,
for patients with T1DM complicated by mild
DKA (p=0.024) and moderate and severe DKA
(p=0.007). The most pronounced changes were
identified in the USFA pool with respect to con-
centrations of y-linolenic (C18:3w6) and dihomo-
y-linolenic (C20:3w6) acids. On the contrary, their
concentrations increased in the groups of patients
with T1DM complicated by mild DKA and moder-
ate to severe DKA. The concentration of y-linolenic
acid (C18:3w6) was 398 % and 117.8 % higher than
that in TADM patients without DKA, and 206.9 %
and 3813 % higher than that in healthy individu-
als (p<0.001). Examinations of dihomo-y-linolenic
acid (C20:3w6) concentrations in these groups
showed a difference of 36.9 % and 67.2 %, respec-
tively, as compared to Group 1 patients, and 77.1 %
and 116.3 %, respectively, as compared to healthy
individuals.

As for concentrations of monounsaturated acids,
T1DM patients without DKA were not significantly
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different from Group 2, and these figures were
lower by 15.1 % and 10.3 %, respectively, as com-
pared to healthy individuals. The concentra-
tions of polyunsaturated acids were also lower in
patients from the above-mentioned study groups
and averaged 86.7 % and 88.3 % of the similar
figures in healthy individuals (p<0.001). Changes
in monounsaturated and polyunsaturated acids
were also determined in the group of patients
with T1DM complicated by moderate and severe
DKA. The decrease in monounsaturated acids
was 9.6 %, 4.5 % and 18.9 %, respectively, as com-
pared to patients with T1DM complicated by mild
DKA, T1DM patients without DKA, and healthy
individuals (p<0.001). The decrease in polyun-
saturated acids in Group 3 was 4.6 %, 6.9 % and
192 %, respectively, as compared to the above-
mentioned groups.

The ratio of polyunsaturated and monounsatu-
rated fatty acids in blood lipids increased in all of
the study groups as compared to the control group.
The most pronounced changes were identified
in patients with TADM complicated by moder-
ate and severe DKA. These figures in patients of
Group 3 were 3.6 % and 7.5 % higher as compared
to patients with T1DM and mild DKA and T1DM
patients without DKA and healthy individuals.
It should be noted that no statistically significant
difference wasidentified for this parameter between
the groups of patients with T1DM complicated by
mild DKA and those without DKA.

At the same time, there was a statistically signifi-
cant increase in the SFA/USFA ratio due to the
increase mainly in myristic acid (C14:0) and, to a
lesser degree, in stearic acid (C18:0), and decrease
in y-linolenic (C18:3w6) and dihomo-y-linolenic
acids (C20:3w06).

The ratio of w-3 to w-6 polyunsaturated fatty
acids in blood lipids showed statistically signifi-
cant decrease in patients with T1DM compli-
cated by DKA, irrespective of the severity of DKA,
as compared to T1DM patients without DKA and
the healthy individuals. No differences were found
in the group of T1DM patients with DKA depend-
ing on DKA severity. The 0w3/w6 ratio was reported
mainly due to reduction in concentrations of
w-3 fatty acids and relative increase in proportions
of y-linolenic (C18:3w6) and dihomo-y-linolenic
(C20:3w6) fatty acids.

Thus, our study identified significant changes
in the fractional blood fatty acid composition in
patients with T1DM complicated by DKA. The
identified disorders were based on the imbalance
of FAs expressed as a decrease in the pool of unsat-
urated fatty acids and an increase in that of satu-
rated fatty acids. These changes develop as a part of
general systemic metabolic disorders in the study
cohort of patients.
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