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Abstract

Background and Aims: Maternal hyperglycemia may violate peripheral immunological tolerance (PIT) formation to pancreatic
antigens; antigen administration stimulates PIT. Mesenteric lymph nodes (MLN) are transition point for recirculating lympho-
cytes of gastrointestinal associated lymphoid tissue (GALT) and the location for PIT induction. Homing of lymphocytes in MLN
is regulated by MAdACAM-1, CXCR4 and CCR?7, while SIPR1 activates T-cell exit from MLN. We aimed to evaluate mRNA expres-
sion of these genes and their effect on the distribution of Th1-, Th17-, and Treg-cells in MLN of the rat offspring with experimen-
tal gestational diabetes (EGD) with oral insulin administration. Material and Method: We studied one and six months old
male offspring of Wistar rats with EGD, which received insulin orally for the first 14 days of life. RT-PCR method was used for
Madcaml, Cxcr4, Ccr7 and Slprl mRNA expression measurements in MLN. The structure of T-bet+, Roryt+, Foxp3+ cell popula-
tion was studied using histological sections of MLN, morphometric and densitometric characteristics. Results: An increase of
CCR7 and MAdCAM-1 mRNA in offspring of animals with EGD indicated activation of the GALT immune cells, which is accom-
panied by intensification of lymphocytes homing, while no changes were observed in CXCR4 expression. Increased expression
of S1IPRI1 confirms its role in diabetes. Chemokine receptors affect the activation of different Th cells subsets with their pivotal
role in diabetes type 1, through violation of oral tolerance. A significant increase in Thl and Th17 cell population was observed in
the offspring of rats with EGD. Conclusions: The changes in mRNA expression of the lymphocyte “homing” regulators in MLN
affected the distribution of Thi-, Th17- and Treg-cells in the offspring of rats which parents had EGD. The development of oral
insulin tolerance is accompanied by a decrease in the relative normalized mRNA number of Ccr7, Madcam1 and Slprl genes in
MLN cells.

Keywords: Experimental gestational diabetes, mesenteric lymph nodes, Madcaml, Cxcr4, Ccr7, SIprl.

© 2020 The Authors. Romanian Journal of Diabetes, Nutrition and Metabolic Diseases published by Sanatatea Press
Group on behalf of the Romanian Society of Diabetes Nutrition and Metabolic Diseases. This is an open access article
under the terms of the Creative Commons Attribution License (CC-BY-NC-ND 3.0).
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Introduction

Mesenteric lymph nodes (MLN) are the
main site of induction of peripheral immunolog-
ical response to a variety of antigens, including
pancreatic [1], as well as a major “transitional”
point for the pool of recirculating lymphocytes
of the gut-associated lymphoid tissue (GALT).
The main regulators of lymphocyte “homing” in
MLN are addressin MAdACAM-1 (mucosal addres-
sin cell adhesion molecule 1, an adhesive protein
of high endothelial venules of GALT lymphoid
formations), CXCR4 chemokine receptors (CXC
chemokine receptor type 4) and CCR7 (chemo-
kine receptor type 7), the ligands for which are
CXCL12, CCL19, and CCL2l1, respectively. The
chemokine-receptor interaction between the
CCL19/21-CCR7 and CXCL12-CXCR4 pairs, as
well as MAACAM-1 and its ligand integrin a4f7,
regulate the transfer of most immune cells to
the lymph nodes. Thus, the entry of T cells into
lymph nodes is impaired in the absence of CCR7
signaling, including the plt/plt line mice model,
lacking CCL21 and CCL19 [2]. In turn, the exit of
lymphocytes from MLN is regulated by sphin-
gosine-1-phosphate (S1P) receptors (SIPR1-S1PR5)
[3], among which lymphocytes are the most
actively expressing type 1 receptor, SIPR1 [4].
After the activation of immune cells in MLN,
the expression of SIPR1 on their membrane
increases, allowing lymphocytes to respond to
changes in the S1P gradient and leave the lymph
nodes [5].

The objectives of this work were to evalu-
ate the levels of mRNA expression of MAdACAM-1,
S1PR1, CXCR4, and CCR7 genes and their effect on
the distribution of Thl-, Thl7-, and Treg-cells in
mesenteric lymph nodes in the offspring of rats
with experimental gestational diabetes (EGD) and
under conditions of oral insulin administration.

Material and Methods
Study design

The male Wistar rats (N=120) were divided
into 6 experimental groups, 20 rats per each
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group: the offspring of intact rats, I-month-old
(group 1) and 6 months old (group 2), female par-
ents of which were administered 0.5 ml of 0.1 M
citrate buffer (pH = 4.5) intraperitoneally on the
15th day after pregnancy; the offspring of rats
with experimental gestational diabetes (EGD)
at 1 month (group 3) and 6 months age (group 4),
female parents of which were once injected strep-
tozotocin at a dose of 45 mg/kg on the 15th day of
pregnancy; offspring of rats with EGD at 1 month
of age (group 5), female parents of which were
administered oral short-acting human insulin
(ACTRAPID® HM, NOVO NORDISK, Denmark)
at a dose of 30 IU (1.05 mg, 1 IU corresponds to
35 ug of anhydrous human insulin) orally during
the first 14 days of life; offspring of rats with EGD
at 6 months of age (group 6), female parents of
which were given 30 IU insulin orally during the
first 14 days of life.

Molecular genetics experiments

Molecular genetics experiments using
the real-time reverse transcription-polymerase
chain reaction (RT-PCR) method were performed
on isolated MLN of experimental rats. The tissue
was placed in a Bouin’s fixative solution (15 parts
of the saturated aqueous picric acid solution, 5
parts of formaldehyde, 1 part of acetic acid), fol-
lowed by tissue dehydration using ascending
concentrations of ethanol, and then placed in
paraffin blocks. The experiments were conducted
on archival material not older than 2 years. RNA
was obtained from histological sections with a
thickness of 15 um, by their deparaffinization
in xylene followed by rehydration in descend-
ing concentrations of ethanol (100%, 96%, 70%).
Total RNA was isolated using a Trizol RNA Prep
100 kit (Isogen Lab., LTD, Russian Federation)
containing Trizol reagent (a lysing reagent com-
prising guanidine thiocyanate as denaturing
agent and phenol with pH = 4.0) and ExtraGene E
(suspension of ion exchange mixture). The RNA
was isolated according to the manufacturer’s
instructions.

cDNA synthesis was carried out by reverse
transcription reaction using a commercial kit
OT-1 (Synthol, Russian Federation). The reaction

© 2020 The Authors
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Table 1: List and description of genes and corresponding primers used during experiments

Gene Primer
Cxcr4 F=TGCCATGGAAATATACACTTCGG
R =TCCAGACCCTACTTCTTCGGA
Cer7 F=CTGGTCATTTTCCAGGTGTGC
R =TGGTGTTCTCGCCGATGTAG
Madcaml F =CCAAACTGGTGCTGACACAT
R =TCTGGCTCTGTAGGACTGGAA
Slprl F= CGGATCGCGCGGTGTAG
R=GAAACAGCAGCCTCGCTCAA
GAPDH F =GCCTGGAGAAACCTGCCAAG

R=GCCTGCTTCACCACCTTCT

mixture with a total volume of 25 pl contained 1
ul of Random-6 primer, 2 ul of total RNA, 8.5 pl of
deionized H20, 12.5 pl of 2.5x reaction mixture,
and 1 pl of MMLV-reverse transcriptase. Reverse
transcription was carried out at 45°C for 45 min,
followed by MMLV-RT heat inactivation (92°C, 5
min), as suggested by the manufacturer.

The CFX96 ™Real-Time PCR Detec-
tion Systems Amplifier (Bio-Rad Laboratories,
Inc., USA) and Maxima SYBR Green/ROX qPCR
MasterMix (2X) reagent kit (ThermoScientific,
USA) were used to determine expression lev-
els of mRNAs of the investigated genes, namely,
Madcaml (NM_019317.1), Cxcr4d (NM_022205.3),
Slprl (NM_017301.2), Ccr7 (NM_199489.4). The
final reaction mixture for amplification included
SYBR Green dye, Maxima HotStartTaq DNA Poly-
merase, 0.2 pl of forward and reverse specific
primers, 1 pl of the template (cDNA). The reac-
tion mixture was brought to a total volume of 25
pl with the addition of deionized H20. Gene iden-
tification numbers (NM_019317.1, NM_022205.3,
NM_017301.2, NM_199489.4) were derived from
the US National Library of Medicine, National
Center of Biotechnology Information web-
site (https:/www.ncbi.nlm.nih.gov/). Specific
primer pairs (forward and reverse) for amplifi-
cation of the investigated and reference genes
were selected using the PrimerBlast software
(www.ncbi.nlm.nih.gov/tools/primer-blast) and
manufactured by Metabion, Germany (Table 1).
After the initial denaturation for 10 min at 95°C,
the amplification consisted of 45 cycles and each
cycle was performed under the following condi-
tions: denaturation - 95°C for 15 sec, annealing

© 2020 The Authors

Tm,C Product length (bp) Exon junction
58.87 52 81/82
59.64
59.73 67 138/139
59.83
58.68 51 662/663
59.92
60.73 70 61/62
61.23
61
60 52 825/826

-59-61°C for 30-60 sec, elongation -72°C for 30
sec. Glyceraldehyde-3-phosphate dehydrogenase
gene (GAPDH) was used as a reference gene to
determine the relative values in changes in the
expression level of the studied genes and normal-
ize results. The relative normalized number of
cDNA target genes was determined by the AACt
method.

Immunohistochemistry

The population structure of T-bet +
- (Thl), Roryt + - (Thl7), and Foxp3 + - (Treg)
lymphocytes was studied by analyzing serial his-
tological sections of MLN and their morphomet-
ric and densitometric characteristics. MICROM
HR-360 rotary microtome (Microm, Germany)
was used to make 5 micron serial MLN sections.
The histological sections were dewaxed in xylene,
followed by rehydration in decreasing concentra-
tions of ethanol (100%, 96%, 70%), then washed
in 0.1 M phosphate buffer (pH = 7.4), and treated
with primary rabbit polyclonal antibodies (PRPA)
to T-bet, Roryt or Foxp3 (Santa Cruz Biotech-
nology, USA, sc-1550-R) for 18 hours in a humid
chamber at 4°C. After washing off the excess of
primary antibodies in 0.1 M phosphate buffer,
histological sections were incubated for 60 min
at 37°C with secondary antibodies to the full rab-
bit IgG molecule, conjugated to FITC (Santa Cruz
Biotechnology, USA). After incubation, all sec-
tions were washed with 0.1 M phosphate buffer
and placed in a mixture of glycerol and phosphate
buffer (1:9) for further fluorescence microscopy.

Romanian Journal of Diabetes, Nutrition and Metabolic Diseases :: www.rjdnmd.org 181
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Images were taken with a Primo Star microscope
(ZEISS, Germany) in a 390 nm ultraviolet exci-
tation spectrum (FITC) using a high-sensitivity
Axio Cam 5c camera (ZEISS, Germany) and pro-
cessed with a software package for obtaining,
archiving and preparing images (Axio Vision 4.7).
The processed histological sections were exam-
ined using a computer program ImageJ (National
Institute of Health, USA). Image regions with
statistically significant fluorescence were deter-
mined in the automatic mode using specific
software. The morphometric and densitometric
characteristics of immunopositive cells were cal-
culated. The absolute number of immunopositive
cells of different classes as the number of cells per
1 mm? slice area and relative (%) density of their
distribution in the studied areas of MLN histolog-
ical sections were determined.

Statistical analysis

For molecular genetics experiments,
three sets of histological sections from MLN of
each rat were used for RNA extraction. Follow-
ing cDNA synthesis from each set, PCR amplifi-
cation reactions were performed on individual
samples in three repetitions. Negative controls
were included in all experiments, including the
absence of MMLV-RT in cDNA synthesis, absence
of mRNA in the matrix of cDNA synthesis, and
absence of cDNA matrix in the real-time PCR
reaction. Student’s t-test (p<0.05) was used to
determine if the means of two sets of data are sig-
nificantly different from each other (control vs.
EGD, EGD vs. EGD+insulin). Statistical analysis
of PCR data was performed using the CFX Man-
ager ™ software (Bio-Rad, USA) with a statistical
significance threshold set at p<0.05.

For immunochemistry experiments,
three histological sections were used from the
cortical plateau and medullar cords of MLN of
each rat to determine the absolute number of
immunopositive cells (number of cells per 1 mm?
slice area) and relative (%) density of their distri-
bution from five studied areas of MLN histologi-
cal sections. Student’s t-test (p<0.05) was used to
determine if the means of two sets of data are sig-
nificantly different from each other (control vs.
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EGD, EGD vs. EGD+insulin). Statistical analysis
of immunochemistry data was performed using
Statistica ver. 10 (StatSoft, Inc., Tulsa, OK, USA).

Results

The results of the Ccr7 gene expression
study in MLN tissues showed that there was a sig-
nificant increase in mRNA content of this chemo-
kine receptor in offspring of EGD rats, with a
26.8-fold increase in 1-month and a 21-fold increase
in 6-month-old offspring compared with the con-
trol group of animals of the corresponding age (p
<0.05, FigurelA, B). As for the expression of CXCR4
receptor mRNA, its content did not change sig-
nificantly in both age groups compared to control
(p >0.05, Figure 1 C, D). The relative normalized
adressin MAdCAM-1 mRNA expression increased
2.4 times and 2.3 times in the age group of 1 month
and 6 months offspring of EGD rats, respectively (p
<0.05, Figure 1 E, F). Regarding Slprl gene expres-
sion, the content of SIPR1 mRNA increased 3.6
times (p <0.05) in the 1-month group of offspring
rats with EGD; in the 6-months group, a 5.0-fold
increase was observed compared to the control
group (p <0.05, Figure1G, H).

Expression of mRNA of the Ccr7 gene
in 1-month-old offspring of EGD rats after oral
administration of insulin during the first 14 days
of life decreased by 81% compared to offspring of
untreated EGD rats of the same age as the control
group (p <0.05). However, no significant differ-
ence was observed between corresponding groups
at 6-months age (p >0.05) (Figure 2 A, B). Cxcr4
gene expression did not change significantly in
both age groups while comparing the offspring of
EGD rats treated with insulin and the offspring of
untreated EGD rats (Figure 2 C, D). Contrary, the
MAdCAM-1 mRNA content decreased by 95% at 1
month of age as a result of insulin administration
(p <0.05), whereas in 6-month-old rats, a 3.9-fold
increase was noticed (p <0.05) (Figure 2 E, F). The
mRNA content of the Slprl gene decreased by 65%
and 95% for the 1-month and 6-months offspring
of EGD rats treated orally with insulin (p <0.05)
(Figure 2 G, H).

The changes detected in the level of
expression of the regulators of lymphocyte

© 2020 The Authors



“homing” in MLN influenced the distribution of
individual subpopulations of T-helper cells. For
example, the total density of T-bet+-cells in the
cortical plateau in the 1-month-old offspring of
animals with EGD compared to the control group
increased 2-fold; in 6-months rats, we observed
an increase of 56%. Regarding medullary cords
(chordae medullares), this index increased by
2.6 and 2.8 times in 1-month and 6-months rats,
in offspring of EGD rats against control rats,
respectively (p <0.05). In the group of animals
receiving oral insulin, a decrease in the total den-
sity of T-bet+ lymphocytes in the cortical plateau
was observed by 33% (p <0.05) at I-month and by
41% (p <0.05) in 6-month-old rats. In the medul-
lary cords, the total amount of Thl after insulin
administration decreased only in animals aged 6
months - by 44% (p <0.05).

Analysis of the distribution of Roryt+
-cells in MLN tissue of rats showed that in the
1-month-old offspring of rats with EGD, the total
Thl7 cell density in cortical plateau was signifi-
cantly higher - by 48% (p <0.05) -than the control
group of offspring from intact rats. In 6 months-
old animals, the number of Roryt+ lymphocytes
in this zone increased by 2.4 times. In medullary
cords, the total Thl7 density in the 1-month-
old offspring of EGD animals increased by 51%
(p < 0.05); in 6-month-old rats - by 2.4 times
(p <0.05), compared to the offspring of intact
animals of corresponding age group. After insu-
lin administration, the total lymphocyte density
of Roryt + lymphocytes in the cortical plateau of
1-month-old animals did not change significantly,
and at 6 months of age, it decreased (p <0.05). In
the medullary cords, the number of Roryt + -cells
decreased by 52% (p <0.05) in the 1-month-old off-
spring and by 46% (p <0.05) in the 6-month-old
offspring.

The number of Foxp3 + lymphocytes in
the cortical plateau of the offspring of rats with
EGD was lower by 57% in 1-month-old animals
(p <0.05), and lower by 54% (p <0.05) in 6-months
old animals, compared with the control group. A
decrease in T-regulatory cells by 76% and 64% (p
<0.05) was also observed in medullary cords. In
rats treated with insulin, the following results
were found: the total density of Foxp3 + cells in
1-month-old rats in the cortical plateau did not
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change significantly. Still, it increased 2.2-fold in
6 months-old animals (p <0.05). The number of
Treg increased in the medullary cords by 2.3 - 2.6
times (p <0.05).

Discussion

Earlier, we showed that under conditions
of diabetes, there are changes in the transcrip-
tional activity of some genes and the subpop-
ulation composition of T-lymphocytes [6-8].
CCR7-mediated signals affect T-cell homeostasis
in lymph nodes at different levels, as well as the
activation and polarization of different T-helper
subpopulations [9]. Thus, CCR7 plays an essen-
tial role in the function of T-regulatory cells,
while performing a dual role: for Treg-induced
expression, CCR7 expression is required for
their efficient priming in lymph nodes [10]; while
effector Treg apparently uses CCR7 to exit tis-
sues and, therefore, CCR7 limits their excessive
accumulation in peripheral tissues [11]. Although
the total number of Treg in the thymus in CCR7
knockout mice and wild-type mice is the same,
their suppressor functions in the periphery are
impaired due to their inability to enter the lymph
nodes and position themselves within the T-cell
zones of LN [12]. A recent study by Mackley et al.
showed that migration of a group of congenital
RORy-lymphocytes from the intestine into MLN
is also CCR7-dependent [13], and such cells inten-
tionally migrate precisely to MLN and not to
other groups of LN. CCR7 -/- mice are more sus-
ceptible to infections caused by Listeria monocy-
togenes, Mycobacterium tuberculosis, Leishmania
donovani and Toxoplasma gondi [14], showing an
increase in lymphocytic infiltration of peripheral
tissue and pancreatic islets, disturbances in cen-
tral and peripheral tolerance to their own anti-
gens and defects in the functioning of Treg cells,
leading to the development of multiple organ
autoimmune reactions [15]. This is accompanied
by an increase in the titer of circulating auto-
antibodies to a large number of tissue-specific
antigens and the formation of ectopic tertiary
lymphoid structures on the mucous membranes
[16]. Shan et al. established the important role of
CCRT7 in engaging T cells in pancreatic islets in
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Figure 1: Relative normalized mRNA number of genes Cer7 (A, B), Cxcr4 (C, D), Madcaml (E, F) and Slprl (G, H)
in the cells of MLN tissue. Normalization performed by ,,Ct method with GAPDH as reference gene (cl - I-month
old control offspring from intact rats, c6 — 6-months old control offspring from intact rats, gdl - 1-month old off-
spring from EGD rats, gd6 - 6-months old offspring from EGD rats). Asterisk (*) indicates a significant difference
(p <0.05).
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Figure 2: Relative normalized mRNA number of genes Cer7 (A, B), Cxcr4 (C, D), Madcaml (E, F) and Slprl (G, H) in
the cells of MLN tissue. Normalization performed by ,,Ct method with reference gene of GAPDH. (gdl - I-month
old control offspring from EGD rats, gd6 — 6-months old control offspring from EGD rats, gdl+ins - 1-month old
offspring from EGD rats given insulin orally, gd6+ins — 6-months old offspring from EGD rats given insulin).
Asterisk (*) indicates a significant difference (p < 0.05).
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NOD-mice [17], using RT-PCR showed intensive
expression of CCR7 mRNA and its CCL19 and
CCL21 ligands in inflamed, but not intact islets.
Turning off CCR7 signaling blocked the migra-
tion of about 75% of T cells from the blood to the
pancreatic islets, but this did not affect the migra-
tion of B lymphocytes to the islets. The received
results indicate that CCR7 and its ligands play an
essential role in T-cell entrance in the islets and,
thus, in the pathogenesis of type I diabetes mel-
litus. Some studies have demonstrated the role
of CCR7 signaling in the formation of oral toler-
ance to various antigens. However, oral tolerance
cannot be induced in CCR7-deficient mice due
to impaired migration of dendritic cells, which
carry those antigens from the intestinal mucosa
of the intestine into the MLN [18].

The increase in the level of mRNA of
another of the regulators of “homing” of lym-
phocytes - MAdCAM-1 in MLN is confirmed
by the results of previous research in which it
is shown that RNA transcripts of MAdCAM-1
are well expressed in the endothelium of both
lymphoid and non-lymphoid tissues, including
small and large intestines, mesenteric and pan-
creatic lymph nodes, spleen [19]. Characteris-
tically, this expression is increased in response
to the action of proinflammatory cytokines,
in animal models of inflammatory bowel dis-
ease, and patients with Crohn’s disease and
ulcerative colitis [20]. MAdACAM-1 is exclusively
expressed in high endothelial venules MLN, but
not peripheral LN [21]. There are no data on the
expression of MAACAM-1in MLN in offspring of
parent rats having EGD. Only lymphocyte adhe-
sion, regulated by the a4p7 integrin/MAdCAM-1
system, is known to be essential for B-cell
migration into pancreatic lymph nodes (PLN)
in non-obese diabetic (NOD) mice. Thus, B-lym-
phocytes from PLN of 3 to 4-week old NOD mice
are characterized by high expression of integ-
rin a4, LFA-1, and intermediate level of integrin
B7. In-vivo studies showed that B cells migrated
from the bloodstream to PLN more efficiently
than other peripheral LN. Also, antibodies to
MAdCAM-1 and integrin a4f7 inhibited the B
lymphocyte migration into PLN by more than
90% [22]. Single intraperitoneal injection of
anti-MAdCAM-1 antibodies to 3-week-old NOD
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mice significantly slowed B-lymphocyte entry
into the PLN for at least 2 weeks. These results
demonstrate that the a4p7 integrin/MAdCAM-1
adhesion pathway plays a vital role in the migra-
tion of B lymphocytes into PLV in NOD mice
and might be a potential target for TIDM ther-
apy. The role of MAdCAM-1 in the development
of type 1 diabetes mellitus was shown by other
researchers as well. Thus, CD4 + cells reactive
to pancreatic islets are able to initiate the devel-
opment of type 1 diabetes when transferred to
newborn NOD mice, but not in adult animals.
These differences are due to unequal levels of
MAdCAM-1 expression in pancreatic islets in
newborn and adult mice [23]. Besides, blockade
of this adresin interferes with the induction of
diabetes in newborn mice.

In the final stage of lymphocyte homing
inside LN, another chemokine receptor, namely
CXCR4, also known as fusin or CD184, plays
an important role. Specifically, it binds to the
ligand - the stromal-derived factor (SDF-1) mol-
ecule. Under normal physiological conditions,
SDF-1 is produced by stromal cells of many tis-
sues, and CXCR4 is expressed on the surface of
CD4+ T-cells, dendritic cells and B lymphocytes.
We did not detect changes in CXCR4 mRNA
levels in MLN in the offspring of rats with EGD,
although other studies have shown that the
CXCR4/CXCL12 signaling pathway protects NOD
mice from autoimmune diabetes [24]. CXCR4
mRNA levels were increased in the PLN of 4-week
NOD mice compared with Balb/C mice [25]. A sig-
nificant decrease in the level of CXCR4 expression
was observed in 12 weeks-old animals regard-
ing both mRNA expression and protein levels,
while their content in pancreatic islets increased.
The introduction of AMD3100, a CXCR4 antago-
nist, reduced the number of CXCR4+ and SDF1+
positive cells in inflamed islets and provided
protective effects against autoimmune diabe-
tes. Simultaneously, the transcriptional level of
CXCL12, a Cxcr4 ligand, is significantly increased
in the bone marrow of NOD mice compared to
Balb/c and C57BL/6 mice. The introduction of
AMD3100 into NOD mice mobilizes regulatory T
cells and hematopoietic bone marrow stem cells
to the periphery and suppresses insulitis and
slows the onset of diabetes [26]. Transgenic mice,
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which are overexpressing SDF-1, are resistant to
streptozocin-induced B-cell apoptosis and diabe-
tes, whereas MING6, another CXCR4 antagonist,
causes their apoptosis, increases the production
of ROS, reduces the expression of anti-apop-
totic protein BCL-2 and phosphorylation of the
proapoptotic BAD protein [27].

Inhibition of SIPR on T or B lymphocytes
(FTY720, fingolimod) renders these cells insen-
sitive to a change in the S1P concentration gradi-
ent between lymph nodes and biological fluids;
thus, provides CCR7 receptor-mediated lympho-
cyte retention in lymph nodes [28]. FTY720 has
demonstrated its effectiveness in several models
of immunological diseases, including rheumatoid
arthritis, myasthenia gravis, multiple sclerosis,
and type 1 diabetes mellitus [29]. The increased
level of SIPR1 mRNA expression in MLN lympho-
cytes, which we found, may play an important role
inthe development of diabetes. Thus, the cessation
of lymphocytes exits from PLN by the S1P agonist
FTY720 receptors in NOD mice prevents further
progression of diabetes even during significant
insulitis [30]; after its use, no increase in expres-
sion levels of cytotoxic molecules of granzyme B,
interferon y, and CD107a in islet CD8-lymphocytes
was observed [31]. Mesenteric lymphadenectomy
significantly reduces the size of the population of
Th17 lymphocytes in the intestine. The introduc-
tion of FTY720 induces the accumulation of a4B7+
IL-17A+ proliferating cells in MLN [32].

Conclusion

The changes we detected in the level
of expression of the regulators of lymphocyte
“homing” in MLN affect the distribution of Thl-,
Thl7- and Treg-cells in the offspring of rats who
had EGD. The development of oral insulin toler-
ance is accompanied by a decrease in the relative
normalized mRNA number of Cecr7, Madcaml
and Slprl genes in MLN cells, total Roryt+ - and
T-bet+ lymphocyte density.
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Introduction: This study aims to explore the most responsible, influential metabolic variables of Body Mass Index (BMI) and
investigating their direct and indirect effect on path analysis. Material and Methods: 350 adults aged 18 years and older without
any chronic diseases who came for an annual blood check-up were included in this study. Thyroid-Stimulating Hormone (TSH),
Fasting Blood Sugar (FBS) and Thyroid-Stimulating Hormone (TSH) levels were measured using standard laboratory methods.
Path analysis was carried out to examine the triglyceride (TG) mediator role in the relationship between age, FBS, and TSH on BMI.
Results: TSH has a significant indirect effect on BMI (P=0.017). Age has both direct and indirect effects on BMI (P=0.003). Age and
TSH have a direct impact on TG levels (p < 0.05), and the mediator of TG has a direct effect on BMI (P=0.001). Conclusions: Con-
trolling some biomedical factors leads to controlling obesity as one of the main concerns in public health. Unexpectedly, TSH even
had an indirect effect on BMI through TG. Also, because BMI is indirectly affected by age with the mediator of TG, controlling

triglyceride along with increasing age, becomes more important.

Keywords: Biomedical factors, obesity, body mass index, triglyceride (TG), fasting blood sugar (FBS),

thyroid-stimulating hormone (TSH).

Introduction

Obesity is one of the most significant
public health problems globally. Overweight
and obesity increase the risk of various dis-
eases, especially heart disease, type 2 diabetes,
sleep apnea blockers, certain types of cancer,
bone turnover, and asthma [1-5]. As a result,
one of the factors that reduce average life
expectancy is obesity [1]. According to available
statistics, the death rate of obesity is higher
than the total mortality rate due to four com-
mon cancers (lung, breast, intestinal and pros-
tate). Obesity has been known as one of the
most preventable causes of death worldwide.

On average, overweight and obesity reduce life
expectancy by about 6 to 7 years [6].

Based on the World Health Organization
(WHO) report in 2016, about 39% of adults above
18 years old were overweight, and 13% (11% of
men and 15% of women) of them were obese [7].

In Iran, the prevalence of obesity was
estimated at 21.7% in populations aged 18 years
and over and 6.1% in populations below 18 years
old [8].

Using BMI is the most common way of
estimating overweight and obesity. In Asia, the
risk of adverse health effects starts to increase
progressively by increasing BMI from a value
between 22 to 25 kg/m?[9].

© 2020 The Authors. Romanian Journal of Diabetes, Nutrition and Metabolic Diseases published by Sanatatea Press
Group on behalf of the Romanian Society of Diabetes Nutrition and Metabolic Diseases. This is an open access article
under the terms of the Creative Commons Attribution License (CC-BY-NC-ND 3.0).
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Some factors can affect BMI and lead to
overweight or obesity. These include individual
elements such as diet, lack of exercise, environ-
mental factors, and genetics. The accumulation
of fat or triglycerides (TG) is essentially the only
metabolic variables for overweighing the body
[6]. However, many previous studies have shown
that both TG and age are closely and inde-
pendently related to BMI [10, 11]. These studies
used an analysis that examines the direct effect of
these variables on BMI and overweight.

Other studies have shown that some met-
abolic variables can affect the TG level, such as
FBS and TSH [12-14].

However, none of these studies have con-
sidered all these variables together. Also, there
were limitations in understanding the direct and
indirect effects of these factors on BMI.

To overcome these limitations, this study
aims to evaluate how the variables are related to
BMI and overweight, which have been identified
by other studies. To this end, we carried out a path
analysis to examine the TG mediator’s role in the
relationship between age, FBS, and TSH on BMI.

Material and Methods

This cross-sectional study was carried out
on the population referred to the best clinic in Ker-
man, southern Iran, for an annual check-up from
March to September 2018. Three hundred fifty
adults aged 18 years and older without any chronic
diseases were included in the study. The subjects
who had obesity of endocrine origin and pregnant
and lactating women were excluded from the study.

After receiving informed consent and
approval from the ethics committee of Ker-
man University (reference number: IR.KMU.
REC.1397.174), the people were enrolled for the
study.

Blood samples were collected from par-
ticipants that practiced fasting. Serum sam-
ples were centrifuged at 3000 rpm for 5 min and
stored at -20°C until analysis. Also, TG, FBS and
TSH levels were measured using standard labora-
tory methods.

Weight and height were measured using
standardized techniques and equipment. BMI

196 https://doi.org/10.46389/rjd-2020-1030

was calculated as weight in kilograms and was
divided by the square of the height in meters. BMI
provides the most useful measure for overweight
and obesity. The same technique was applied for
both adult men and women and all ages.

For adults, the WHO defines overweight
as a BMI greater than or equal to 25 and obesity as
a BMI greater than or equal to 30[7].

Statistical analysis

The data are summarized as frequencies
and percentages for categorical variables. Contin-
uous variables are reported as mean + Standard
Deviation (SD).

Pearson’s correlation coefficients were
calculated for the evaluation of the relationship
between study variables. Afterward, path analy-
sis was used to identify factors that are influenc-
ing BMI. For the interpretation of effects, the
path analysis or causal modeling was developed
as a method of decomposing correlations into dif-
ferent parts. The method is applied to describe
the direct and indirect correlations among a set
of variables. Exogenous independent variables
were age, TG, FBS and TSH levels. The causal
assumptions were displayed in a path diagram in
which the relationships were specified between
variables and the causality direction.

SPSS version 20.0 was used for the
descriptive statistical analysis, and AMOS ver-
sion 20.0 was used for path analysis. The signifi-
cance level of 0.05 was used for tests.

Results

Table 1describes the characteristics of the
350 participants in this study. Among the 350 par-
ticipants, 169 (48.3%) were male, and 181 (51.7%)
were female.

A mean of 43.3 and a standard deviation
of 13.94 was obtained for the age variable. There
was no significant difference between the age of
women and men (P =0.490).

The mean (+ SD) BMI of the people was
equal to 26.85 (+ 5.19) kg/m?. It appeared that the
mean BMI of women was significantly higher

© 2020 The Authors



Table 1: Subject characteristics and lab values*

Total (n =350)

Age 43.3+13.94
Education

Under diploma 188(53.7)
Diploma 100(28.6)
Associate Degree 19(5.4)
Bachelor 34(9.7)
M.S 9(2.6)
BMI 26.85+5.19
Underweight (<18.5) 14(4)
Normal weight (18.5-24.9) 125(35.7)
Overweight (25-29.9) 123(35.1)
Obesity class1(30-34.9) 70(20)
Obesity class 2 (35-39.9) 12(3.4)
Morbidity obesity (>40) 6(1.7)
FBS 109.08 + 35.49
TSH 2.63 +2.06
TG 156.73 £ 97.12
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Women (n =181) Men (n =169) P-value
43.80 +13.56 42.76 +14.36 0.490
104(57.5) 84(49.7)
52(28.7) 48(28.4)
5(2.8) 17(10.1) 0.128
17(9.4) 17(10.1)
3(L.7) 6(3.6)
28.29 £ 5.53 25.31+4.32 <0.001
3(L.7) 11(6.5) <0.001
52(28.7) 73(43.2)
66(36.5) 57(33.7)
44(24.3) 26(15.4)
10(5.5) 2(1.2)
6(3.3) -
108.29 + 6.26 109.93 + 34.73 0.665
2.81+2.11 2.44+2.01 0.094
153.04 + 95.87 160.69 + 98.56 0.462

*Age, BMI, FBS, TSH and TG were expressed as mean+ SD. Education and BMI categories were expressed

as frequency (%).

than that of men (P > 0.001). As shown, more than
half of the people (60.3%) had a BMI > 25 and they
were considered overweight or obese. The num-
ber of people with normal weight (BMI 18.5-24.9)
was 125, and just a very small number (4%) were
assumed to be underweight.

The mean (+ SD) FBS was equal to 109.08
(£ 35.49) mg/dL, and mean (+ SD) TSH was equal
to 2.63 (+ 2.06) U/ml. The mean=+ SD TG of males
was higher than that of females.

The mean+ SD TG of male and female
participants was equal to 153.04 95.87 and 160.69
98.56, respectively. There was no significant dif-
ference in biomedical factors (FBS, TSH and TG)
between males and females (P =0.05).

Path analysis results

The path analysis was developed to exam-
ine the direct and indirect paths of variables that
affect BMI. The findings of previous studies were
used to define the paths of each of these variables

© 2020 The Authors

in the hypothetical model and to identify how
they affect BMI. Figure 1 illustrates a diagram of
the basic model with paths created between the
different study variables.

Goodness of fit

In order to assess how well this model
fits the data, we used several statistical indices
to check the data fit degree. The most common
indices of fit are the chi-square (x2), comparative
fit index (CFI), the Normed Fit Index (NFI), the
goodness of fit index (GFI), and the root mean
square error of approximation (RMSEA). The
analysis showed that all indices belonged to an
appropriate range, and all indicated a good fit.
Chi2 =1.856 (df = 2), p = 0.392, GFI = 0.998, NFI =
0.979, CFI=1.000, RMSEA =.000 (Table 2).

Table 3 summarizes the estimates of stan-
dardized direct, indirect and total effects of FBS,
TSH, TG and age on BMI. TSH has a significant
indirect effect (P=0.017) and age has both direct
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Figure 1: The path diagram of BMI effective predictors.

Table 2: Goodness of fit indices.

CMNI (»?) DF P-value GFI NFI CFI RMSEA CMNI/DF
1.856 2 0.392 0.998 0.979 1 0.000 0.928
Table 3: The direct, indirect and total effects of exogenous on endogenous variables.
Direct Indirect Total

effect C.I P-value effect C.I P-value effect C.I P-value
FBS > TG 0.086  (-0.191,0.021) 0.109 0.086 (-0.192,0.021) 0.109
Age > TG 0.175 (0.782,0.258) 0.002 0.175 (0.781,0.258) 0.002
TSH—> TG 0.124 (0.015,0.227) 0.024 0.124 (0.015,0.227) 0.024
TG — BMI 0.288 (0.184,0.409) 0.001 0.288 (0.184,0.409) 0.001
Age —» BMI 0.099 (0.003,0.193) 0.041 0.051 (0.019,0.089) 0.001 0.149 (0.051,0.241) 0.003
FBS — BMI 0.025 (-0.004,0.061) 0.093 0.025 (-0.004,0.061) 0.093
TSH — BMI 0.036 (0.005,0.082) 0.017 0.036 (0.005,0.082) 0.017

and indirect effects on BMI (P=0.003). Age and TSH
havea direct effect on the TG (p<0.05) and the medi-
ator of TG has a direct effect on BMI (P = 0.001).

Discussion

In this study, BMI and laboratory param-
eters were evaluated and data were compared to
find associations between these parameters. To
the best of our knowledge, this is the first study
using path analysis for determining the biomed-
ical parameters of BMI. Some studies have been
conducted to test the effect of each of the bio-
chemical factors on BMI. However, the issue of

198

https://doi.org/10.46389/rjd-2020-1030

whether the relationship is direct or indirect (or
both) has not been considered [10-14].

According to the descriptive results of
this study, more than half of the people (60.3%)
were considered overweight or obese. This rate
of obesity is higher than the global obesity rate of
adults aged 18 years and above [7], and it should
be considered a severe health problem in the Ker-
manian population.

The mean value of BMI of women was
higher than men, and most people with over-
weight and obesity were women. The pres-
ent study results are very similar to the results
reported from other studies on the population of
the north of Iran. In the study of Hajian-Tilaki,

© 2020 The Authors



the overall prevalence of overweight and obesity
was 53.6% (61.3% of women and 46.1% of men)
[15]. In another study on the population of
Azarbayejan of Iran, the prevalence of overweight
was 36.5% (38.6% of men and 34.8% of women)
and the prevalence of obesity was 33.3% (25.4% of
men and 40.0% of women) [16]. In a nationwide
survey of the Iranian population aged 15-65, the
prevalence of overweight and obesity was 42.8%
in men and 57% in women [17].

In this study, Path analysis results showed
age and TSH have an indirect effect on BMI with
the mediator of TG. Therefore, the TSH factor
plays an essential role in reducing BMI.

Controlling TSH leads to BMI control
directly. On the other hand, TSH reduces BMI
indirectly by reducing TG. The previous studies
found just a direct relationship. Nyrnes showed
that serum TSH is positively associated with BMI
[18]. The study of Shaoba showed a direct posi-
tive association between TSH levels and BMI [19]
and the study of Bétry confirmed the relationship
between TSH and BMI [20].

Conclusion

These findings highlight the necessity of
designing programmers to control the biomed-
ical factors associated with obesity, especially
TSH. Also, because BMI and the mediator of TG
are indirectly affected by age, controlling tri-
glyceride levels is necessary at an older age.
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Abstract

Introduction: Several studies indicate that obesity is associated with increased bone mass due to excessive mechanical stress.
However, these data are controversial, and the risk of fractures in this group is high. This study aimed to investigate the effect of
high-frequency whole-body vibration on the process of bone remodeling in rats with a sedentary lifestyle and obesity. Material
and Methods: To assess bone metabolism in rat blood plasma, we determined the parathyroid hormone and calcitonin levels
to quantify the loss of the bone mineral component, the x-ray diffraction method was used. Results: Using X-ray diffraction, we
observed the increase of the crystalline phase volume fraction in rats with whole-body vibration (WBV), and the decrease of the
mineral component in the first experimental group — rats with sedentary lifestyle and obesity. Besides, the first experimental
group showed a higher concentration of the parathyroid hormone in the serum and lower calcitonin levels. It is worth noting that
the experimental animals with WBV showed a decrease in fat mass and leptin concentrations in blood serum. Conclusions: The
results indicate that obesity has a negative impact on mineral bone mass. Mechanical stimulation may serve as a promising alter-
native to medication therapy for osteopenia.

Keywords: Bone remodeling, bone mineral density, osteoporosis, X-ray diffraction.

Abbreviations: BMD — bone mineral density; HCD — High-calorie diet; LMC — Limited mobility condition,
PTH - parathyroid hormone, RANKL/RANK/OPG - receptor activator of nuclear factor (NF)-kB-ligand / receptor
activator of NF-kB / receptor osteoprotegerin; WBV —whole body vibration.

Introduction lifestyle. Since the bone is a mechanosensitive tis-
sue, its condition depends both on the mentioned
factors and exogenous influences, e.g., vibration
oscillations. Several studies indicate that obesity
is associated with increased bone mass due to

excessive mechanical stress [1-9]. However, these

Every year we witness an increase in the
number of people with pathological disorders of
the musculoskeletal system. Therefore, the study
of the influence of various factors on bone metab-

olism is relevant. Sedentary lifestyle and obesity
are among the factors that might influence bone
mineral density. Calcium homeostasis is strictly
regulated by several factors, such as the RANKL/
RANK/OPG cytokine system, estrogens, vitamin
D3, parathyroid hormone, and calcitonin. It also
depends on one’s digestive system absorption and

data are controversial, and the risk of fractures
in this group is higher [10-12]. Also, a significant
number of people working in the industry are
exposed to vibrations. Therefore, the number
of patients with disorders of the musculoskele-
tal system grows. This leads to muscle hypertro-
phy, osteoarthritis, osteoporosis and calcination

© 2020 The Authors. Romanian Journal of Diabetes, Nutrition and Metabolic Diseases published by Sanatatea Press
Group on behalf of the Romanian Society of Diabetes Nutrition and Metabolic Diseases. This is an open access article
under the terms of the Creative Commons Attribution License (CC-BY-NC-ND 3.0).



of vertebrae, and the development of secondary
radicular syndrome with trophic disorders of the
extremities. Such changes mainly occur in two to
five years of work with the constant exposure to
vibration exceeding the maximum allowable lev-
els. However, some literature sources point to the
efficacy of moderate physical activity in increas-
ing bone mass [13-15] despite such data. High-
frequency whole-body mechanical oscillations
can be used to prevent osteoporosis, increase bone
mineral density, and reduce body fat percentage
[15-22]. However, fracture risk factors depend on
the mineral mass of its trabecular and cortical
layers and its composite characteristics, i.e., bone
micro-architectonics. Thus, to evaluate bone
quality, we must consider the markers of bone
remodeling, hormone panel, and bone micro-
structure, which we determined an experiment
using the x-ray diffraction method [23-24].

Our study aims to investigate the effect
of high-frequency oscillations on the process of
bone remodeling in rats with a sedentary lifestyle
and obesity.

Materials and Methods
Animal model

The experimental study was performed
on 54 Wistar male rats weighing 180-200 g, kept
under the same vivarium conditions. All ani-
mal experiments were conducted in compliance
with bioethical principles per the provisions
of the European Convention for the Protection
of Vertebrate Animals used for Experimen-
tal and Other Scientific Purposes (Strasbourg,
1986), Council Directive 86/609/EEC (1986), Law
of Ukraine No. 3447-IV On the Protection of

Figure 1: Experimental design.

© 2020 The Authors
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Animals from Cruelty, General Ethical Principles
of Animal Experiments, approved by the First
National Congress of Ukraine on Bioethics (2001).
The experimental rats were divided into three
groups, 18 rats in each: the control group - stan-
dard vivarium conditions, the first experimental
group - limited mobility condition + high-calo-
rie diet (LMC+HCD), the second experimental
group - LMC+HCD+WBV. The obesity condition
was modeled through a high-calorie diet (C 11024,
Research Diets, New Brunswick, NJ); the limited
mobility condition was modeled using partition
cages to restrict the rats’ mobility. All experimen-
tal rats were weighed every two weeks. Vertical
vibration oscillations were modeled using a 250
W vibrating table with the maximum pressure of
7 bar and 50 Hz frequency, g - 0.3 (Figure 1). After
the 8%, the 16" and the 24% week, six animals
from each group were removed from the experi-
ment by decapitation under general intraperito-
neal anesthesia at 0.3 g/kg.

Determining hormonal concentration

To assess bone metabolism in rat blood
plasma, we determined the levels of parathyroid
hormone and calcitonin using commercial EIA
DRG-3645 PTH (Parathyroid hormone) Intact
ELISA and EIA DRG-3648 Calcitonin ELISA (DRG
International, Inc., USA). The study is based on the
“sandwich” method (double-antibody method).
Standards, controls, test samples and specific anti-
bodies to the corresponding hormone labeled with
biotin were added to the wells coated with PTH/CT
antibodies. This forms the AB-PTH/CT-AB+Biotine
complex. After the first incubation and washing
phase, a chromogenic solution (tetramethylbenzi-
dine) was added. The intensity of its color changes
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in direct proportion to the concentration of the
sample’s specific antibodies. We measured the
color intensity at a wavelength of 450 nm.

X-ray diffraction

To study the ultrastructure of the tibia
bone mineral component, we used the X-ray dif-
fraction analysis method. The femur was dried
at 110°C in a drying cabinet. The X-ray diffrac-
tion spectra of the samples were obtained on an
automated X-ray diffractometer in Cu Ka radia-
tion (A=1.5418 A), monochromatized by reflection
from a plane (002) of a single pyrographic crystal,
mounted on a diffracted beam [23-27]. We used
the Bragg-Brentano focusing scheme (6 - 26). The
diffraction patterns were recorded in the con-
tinuous movement mode of the detector with an
angular velocity of 20/min, a constant value of
the integration time t = 1s., x-ray tube voltage at
U =26 kV, and anode current at I =15 mA.

Statistical analysis

Statistical analysis of the data was per-
formed using StatSoft STATISTICA 8.0.360. In
the STATISTICS package, the comparison of
two average samples of normally distributed fea-
tures (Student’s t-criterion) was implemented
in the Basic Statistics/Tables module. The t-test,
independent, by variable submodule, was used
for two different general summations.

Results
Rats’ weight

The laboratory rats’ weight in group I
(HCD+LMC) increased to 194.63 + 6.1 g in the
8" week, 309.45 + 6.39 g in the 16%™ week and
340.82 + 8.62 g in the 24" week, which indicates
a statistically significant increase in weight
while compared to the control group (p = 0.014).
In the HCD+LMC+WBV group, the rats’ weight
increased to 198.3 + 6.61 g, 279.0 + 8.14 g, and
304.93 + 5.07 g in the 8%, 16%, and 24" week,
respectively (p>0.05), (Figure 2).

Leptin is the hormone involved in the
regulation of body weight. While increasing
weight by 10%, serum leptin levels may become
more than 3 times higher. Therefore, to assess
energy metabolism, it is advisable to determine
its concentration. In the 8™ week of the experi-
ment, the leptin level in the control group was
5.25 + 0.42 ng/ml; in experimental group I, it
amounted to 15.01 + 1.19 ng/ml (p = 0.000007),
and in experimental group II - 11.13 + 1.71 ng/ml
(p = 0.004). In the 16" week of the experiment,
the dynamics of leptin levels were the follow-
ing: in the control group, it remained nearly
unchanged at 5.91 + 0.35 ng/ml, in experimen-
tal group I, the average level was at 21.01 + 1.95
ng/ml (p = 0.000008), in experimental group II
-16.07 +1.84 ng/ml (p = 0.00014). In the 24" week
of the experiment: the control group showed
4.93 + 0.25 ng/ml, experimental group I - 24.51 +
2.29 ng/ml (p = 0.000003), and experimental

Figure 2: Body weight. * - groups do not differ statistically, p >0.05; ** - groups differ statistically at p = 0.014.
= control group; = limited mobility condition + high-calorie diet; » limited mobility condition + high-calorie

diet + WBV
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group II - 18.07 = 1.67 ng/ml (p = 0.000007) examined hormonal markers of bone condition,
(Figure 3A). particularly parathyroid hormone (PTH) and

For the evaluation of bone tissue calcitonin. The blood analysis showed sig-
remodeling of the experimental rats, we nificant differences in PTH levels between

Figure 3: Cytokines levels and bone remodeling serum markers.

= control group; * limited mobility condition + high-calorie diet; = limited mobility condition + high-calorie diet
+ WBV

(A - concentration of leptin, ng/ml; B - concentration of PTH, ng/ml; C - concentration of Calcitonin, ng/ml)
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the control and experimental groups of rats
(Figure 3B). In the 8™ week of the experiment,
the PHT concentration in the control group of
animals was at 17.70 + 2.42 pg/ml; in experimen-
tal group I, it was at 23.32 + 3.45 pg/ml (p=0.175),
and in experimental group II - 14.2 + 1.5 pg/ml
(p>0.05). In the 16th week of the experiment,
there was the following dynamic of the parathy-
roid hormone level: in the control group, the fig-
ure remained almost unchanged and amounted
to 19.72 + 2.22 pg/ml; in experimental group I,
it was at 32.5 + 2.38 pg/ml (p = 0.0015), in exper-
imental group II - 19.65 + 1.62 pg/ml (p>0.05 for
the control group and p = 0.000633 for the first
experimental group). In the 24™ week of the
experiment, in the control group, the level was
at 19.43 £ 2.05 pg/ml, in experimental group I -
30.92 + 3.11 pg/ml (p=0.007), and in experimental
group Il at 22.08 + 3.27 pg/ml (p>0.05).

Inthe 8" week of the experiment, the indi-
cator of the rats’ calcitonin level (Figure 3C) in
the control group was at10.3 + 1.1 pg/ml, in exper-
imental group I at 8.43 + 1.7 pg/ml (p>0.05), in
experimental group I1-11.18 +1.92 pg/ml (p>0.05).
In the 6% week of the experiment, there were the
following changes in the calcitonin level: in the
control group, the figure remained practically
unchanged at 9.67 + 1.18 pg/ml, in experimental
group I, the average level amounted to 7.68 + 1.46
pg/mL (p>0.05), in experimental group I1-10.18 +
1.4 pg/ml (p>0.05). In the 24" week of the exper-
iment, in the control group, the figure was at
11.63 +1.86 pg/ml, in experimental group [ - 7.62 +
1.28 pg/ml (p>0.05), and in experimental group II
-14.3 £1.78 pg/ml (p>0.05).

Correlation analysis allowed us to estab-
lish the direct correlation (p = 0.54) between PTH
and calcitonin in the 8®week of the experiment in
the first group, the reverse correlation (p = -0.77)
in the 16" week and the direct connection in the
24" week. In the 8" week of the experiment, the
WBYV groups showed a strong positive correlation
(p = 0.8857), weak positive correlation p = 0.25 in
the 16" week and direct positive correlation p =
0.54 in the 24" week of the experiment.

The diffraction patterns of the tibia
series samples are shown in Figure 4 while com-
pared to the theoretical diffraction pattern of

the Ca P.H,0, chemical compound (hexagonal
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syngony, space group P 63/m, unit cell parameters
a=9.42 A, c=6.88 A). Significant erosion of the dif-
fraction maxima of the Ca P.H,O, crystalline
phase indicates a low degree of crystallinity of
the compound due to the small size of the coher-
ent scattering regions (the crystallite size does
not exceed 10 nm). Also, a wide diffuse halo is
observed in the diffraction patterns around the
diffraction angle 20=21°, indicating the presence
of an amorphous (disordered) phase represented
by collagen fibers in the samples. In the series of
samples, the highest content of the amorphous
phase is observed in the samples of the first group
in the 16" and 24 weeks of the experiment. The
decrease in the intensity of the diffuse maximum
of the samples obtained on the 8" day indicates
a reduction of the amorphous phase contents.
At the same time, on the 24 day, we can observe
both the decrease of the diffuse maximum and
the intensity of the crystalline phase maxima,
which is particularly pronounced in the area of
the most intense lines (211), (121), (112) and (300)
of the Ca P H,0,, phase. To estimate the quanti-
tative content of the amorphous and crystalline
phases, we used the following ratios:

I
= ¥ -1-X
am. (Iam + Icr ) cr am.

(I, -the maximum intensity from the
amorphous phase, measured at 20=21.5°

I, -the maximum intensity of the crys-
talline phase, measured at 206=32.1°, while taking
into account the background scattering).

The calculations results are shown
in Table 1. In the 8" wk. - 16% wk. -» 24* wk.
sequence, we can observe the increase of the
crystalline phase volume fraction from 79% to
88/85% in the second experimental group and the
decrease of the mineral component in the first
experimental group (Figure 4 A/B/C).

Figure 4D displays a significant increase
in the intensity of crystalline phase lines in dif-
fraction patterns. Also, in the samples of the
16* day of the experiment, there is a noticeable
decrease in the intensity of the diffuse back-
ground from the amorphous phase. According
to the results of the phase content estimation,
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Figure 4: A, B, C: Diffraction patterns of the rat’s femur in experimental group I (HCD+LMC) in the 8%, 16 and
24% week, respectively. To determine the integral intensity of the hydroxyapatite reflex, we chose the reflex of the
30-37°angular range since it is of the highest intensity. D - diffraction patterns of experimental group II samples
(HCD+LMC+ WBV) in - 8; - 16t ; - 24t week. The arrow indicates the position of the amorphous phase diffuse
maximum, while the dashed line indicates the background scattering.

Table 1: Volume fractions of amorphous and
crystalline phases of the samples.

Sample HCD+LMC X
8™ wk. 0.18
16 wk. 0.2

24" wk. 0.24
Sample HCD+LMC+WBV Xom
8% wk. 0.21
16 wk. 0.12
24" wk. 0.15

cr

0.82
0.80
0.76

cr

0.79
0.88
0.85

the maximum increase in the crystalline phase
content was observed in the WBV samples in the
16" and 24" weeks of the study.

Discussion

We used the presented model of obesity
with a high-calorie diet to demonstrate thatin the
8" week of the study, there already was a decrease
of the mineral mass of trabecular and corti-
cal layers of the rats’ tibia, despite a significant
increase in body weight of animals and increased
mechanical stress. These structural changes
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co-occur with an increasing level of leptin in
serum and PTH. The mechanism of the mineral
component loss is explained by the change in
the correlation of RANKL/OPG expression lev-
els of osteoblasts and the increased number of
TRAP-positive osteoclasts. Such changes may be
accompanied by increased activity of osteoclasts
and reduced expression of anti-inflammatory
cytokine IL-10. Obesity can enhance bone resorp-
tion through the regulation of proinflammatory
cytokines, such as IL-6 and TNF-a, that stimulate
the activity of the osteoclasts while regulating
the RANKL/RANK/OPG path. This may further
lead to chronic degenerative and inflammatory
changes in the musculoskeletal system [28-31].

Obesity and a sedentary lifestyle might
affect bone metabolism directly or indirectly
through cytokines originating from adipocytes,
particularly through leptin and adiponectin. This
process is usually accompanied by a significant
increase in serum leptin and a decrease in adi-
ponectin [32]. Leptin’s effect on the bone remains
controversial. There are reports both on posi-
tive and negative effects. High concentrations of
leptin in serum (as observed in our experimen-
tal animal model with obesity) may negatively
affect bone metabolism. We have discovered that
the increased level of leptin in serum is a nega-
tive regulator of bone mass [32, 33]. Moreover,
of course, it should be noted that a high-fat diet,
which often leads to obesity, prevents the absorp-
tion of calcium in the intestine. Free fatty acids
can form calcium salt and contribute to low cal-
cium absorption [29].

Nowadays, the WHO recommends mod-
erate exercise as effective prevention of various
diseases, including osteopenia. It decreases fat
mass and increases bone mass (according to sev-
eral experimental models with mice). High-fre-
quency whole-body vibration is regarded as
a means of mechanical influence that poten-
tially improves the condition of the locomotor
apparatus.

Besides cytokines, we conducted labora-
tory tests of the hormonal panel. Our research
showed that in control (rats without obesity)
and the HCD+LMC+WBV group, the mineral
component amount was higher than in the
HCD+LMC group. Besides, the first experimental
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group showed a higher concentration of the
parathyroid hormone in the serum (PTH) and
lower calcitonin levels. The research results
indicate that obesity has a negative impact on
mineral bone mass, serum PTH, and calcitonin,
partly explained in our conclusion. It is worth
noting that the experimental animals showed
decreased fat mass and the leptin concentration
in blood serum.

We considered vertical whole-body
vibration, as the means of mechanical stimula-
tion, an alternative to pharmacological treat-
ment of osteoporosis. Such stimulation induces
the growth of the mineral component as a result
of mechanical oscillations with micro-deforma-
tion of the bones. Previous studies presented by
Rubin et al. have demonstrated an increase in
the cortical and trabecular bone of turkeys sub-
jected to vibration therapy [21, 22]. Some studies
on animals and humans have proved positive
effects of the vibration therapy on the structure
and biomechanical properties of joints and mus-
cles [14, 15].

Conclusion

Therefore, mechanical stimulation may
serve as a promising alternative to medication
therapy for osteopenia. While summarizing
the data, our study provides a new understand-
ing of the mechanisms of the mineral compo-
nent loss in bone tissue in the case of obesity
and sedentary lifestyle, while forecasting the
future risks of osteoporotic fractures. The
results of the experiment indicate that WBV is
beneficial in preventing osteoporosis and bone
mass loss.
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Introduction: Diabetes mellitus (DM) is a metabolic disease with clinical manifestations of hyperglycemia. In DM, hyperglyce-
mia increases free radical levels that lead to cell damage. Fruit antioxidants are used to prevent cell damaged due to their effect
in suppressing lipid peroxidation and lipotoxicity. This study aimed to evaluate the effect of red guava and papaya antioxidants
in reducing blood glucose levels in type 2 DM patients Material and Methods: This was a quasi-experimental study with a pre-
test post-test control group design. Thirty-nine subjects were divided randomly into 3 groups: red guava group (282.2 gr), papaya
group (302.4 gr) and control group (only given mineral water). The treatment was conducted for 14 days. The data were analyzed
using the One-way ANOVA test, continued with post hoc tests. Results: There was a significant decrease in blood glucose level
after the administration of red guava (33 g/dl) and papaya (14 g/ dl) compared to the control group (p<0.05 ), but there were no
significant differences (p> 0.05) between red guava and papaya. Conclusions: It can be concluded thatred guava and papaya are
equally effective in reducing blood glucose levels in type 2 DM patients.

Keywords: Red guava, papaya, antioxidant, blood glucose.

Introduction

Diabetes Mellitus (DM) is a metabolic
disease characterized by hyperglycemia caused
by impaired insulin secretion, insulin action, or
both. DM causes various chronic complications of
the eyes, kidneys, nerves, and blood vessels [1-2].
After India (32.7 million), China (22.6 million)
and the United States (15.3 million), Indonesia
has the highest number of people with diabetes
(14 million). Riskesdas shows that East Java, one
of the provinces in Indonesia, has a DM preva-
lence of 2.5% [3]. Based on data obtained from the
Jombang District Health Office, the prevalence
of diabetes has increased for three consecutive

years, namely in 2015 by 5.0%, in 2016 by 5.71%,
and in 2017 by 6.21% [3-6].

In diabetic patients, insulin cannot work
effectively so that glucose from the consumed
food cannot be maximally converted into energy
and glycogen, leading to elevated blood glucose
levels [7].

The autoxidation process of hyperglyce-
mia triggers the formation of free radicals. Free
radicals can damage the cell membrane into lipid
peroxide and cause oxidative damage. Antioxi-
dants intake is intended to suppress lipid perox-
idation. Therefore lipotoxicity can be prevented,
and cell damage caused by hyperglycemia can be
avoided [8]. Vitamin C is one of the antioxidants

© 2020 The Authors. Romanian Journal of Diabetes, Nutrition and Metabolic Diseases published by Sanatatea Press
Group on behalf of the Romanian Society of Diabetes Nutrition and Metabolic Diseases. This is an open access article
under the terms of the Creative Commons Attribution License (CC-BY-NC-ND 3.0).
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that modulates insulin action in DM patients
and is associated with a decrease in blood glucose
levels [9].

Red guava (Psidium Guajava Linn.) and
papaya (Carica Papaya) are fruits that contain
various nutritional contents, including vitamin
C, fiber, carbohydrates, and flavonoids [10, 11].
Guava has 87 mg of vitamin C and papaya has 78
mg per 100 grams of fruit. Vitamin C decreases
insulin resistance by improving endothelial func-
tion and reducing oxidative stress [12].

The ultimate nutritional content of guava
shows that it is rich in flavonoids, particularly
quercetin. [13]. Quercetin can improve glucose
uptake by stimulating 3T3-L1 in mature adipo-
cytes by insulin [14]. Moreover, it can escalate
insulin sensitivity by increasing tyrosine phos-
phorylation in the insulin receptor and extending
the signaling process. Both of these mechanisms
indicate that quercetin can improve insulin resis-
tance in peripheral tissues [15].

Papaya contains saponins with hypogly-
cemic effects through a mechanism for increas-
ing glucose uptake by cells, insulin release, and
insulin sensitizer [16, 17]. Guava and papaya have
a glycemic index of 19 and 25, respectively, which
can be categorized as a low glycemic index. The
low glycemic index can reduce insulin resistance
and insulin levels, causing a decrease in free fatty
acids that prevent the accumulation of blood tri-
glycerides [18].

Besides being rich in nutrients, red guava
and papaya are cheap, ubiquitous throughout the
year. This study aimed to examine the effect of
papaya and red guava in reducing blood glucose
levels.

Material and Methods
Study design and patients

This was a quasi-experimental study with
a pre-test post-test control design. The indepen-
dent variable in this study was the administration
of red guava and papaya, and the dependent vari-
able was blood glucose levels. The study popula-
tion included type 2 DM patients of the Jombang
district health center. The subjects were selected
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by a simple random sampling method, which met
the inclusion criteria: age between 45-70 years;
HbAlc value greater than 7; possibility to chew
fruits; smoke and alcohol-free. Subjects who
used insulin or suffered from gastrointestinal/
liver/ heart diseases were excluded. The sample
size calculation was done using the hypothesis
test formula on the average of two independent
samples.

Intervention

Thirty-nine subjects were divided into
three groups: 13 subjects were treated with 282.2
grams of red guavas, 13 subjects were given 302.4
grams of papaya and 13 were treated with mineral
water as a control group. The experiment was
conducted for 14 days.

The fruits were consumed as a snack after
breakfast and lunch. The subject’s compliance in
consuming the fruits was observed using a compli-
ance form. All subjects were given counseling and
leaflets about DM at the beginning of the study.
Age and sex data were obtained using a question-
naire. Body mass index (BMI) was calculated using
Weight/Height in kg/m? Food intake was col-
lected two times during the intervention, using
24-hour food recall forms and analyzed using the
Nutrisurvey software to get average energy, pro-
tein, fat and carbohydrates intake. Blood samples
were taken twice, before and after the interven-
tion by laboratory staff after subjects fasted for + 8
hours. Fasting blood glucose levels were measured
using the hexokinase method and categorized as
good if the levels were between 80 and 100 mg/dl,
moderate if the values were 100-125 mg/dl, and
bad if the value was higher than 126 mg/dl.

Statistical analysis

The normality of data was tested using
Shapiro Wilk. Differences in fasting blood glu-
cose levels before and after intervention in each
group were tested using the paired t-test. The
One-way ANOVA test was used to determine
the differences in blood glucose level reduction
among groups and continued with the post hoc

© 2020 The Authors



test to analyze which treatment was significant.
This research has been approved by the Ethics
Committee of the Sebelas Maret University FK
No. 305/UN27.6/KEPK/2018.

Results

Only 38 subjects could be analyzed
because one subject from the red guava group
dropped out. The subjects were female and male,
aged 45-70 years. Table 1 shows that the average
energy, protein, fat and carbohydrate intake of
each group had considerable variation. However,
there were no significant differences between the
red guava, papaya, and control groups (p>0.05).

Table 2 shows that the most significant
reduction in fasting blood glucose levels occurred
in the red guava group. The value of p = 0.001
(p < 0.05) meant that there was a significant dif-
ference in decreasing fasting blood glucose levels
among the three treatment groups.

Table 1: Average nutrients intake.

Rom J Diabetes Nutr Metab Dis. 2020; volume 27, issue 3

The post hoc test showed that there were
significant differences in fasting blood glucose
levels between the red guava intervention group
compared to control (p = 0.000), and between
the papaya intervention group and control (p =
0.000). However, the decrease in fasting blood
glucose levels between red guava and papaya was
not significantly different (p = 0.140). This meant
that red guava and papaya were equally effective
in reducing fasting blood glucose levels.

Discussion

The administration of red guava and
papaya for 14 days could reduce fasting blood glu-
cose levels in DM patients. Huang et al. showed
that red guava significantly reduced hyperglyce-
mia in STZ-induced diabetic rats [19]. Red guava
could maintain insulin secretion capacity and the
ability of pancreatic (B cells. Antioxidant activity
of red guava might have an antihyperglycemic

Intake Red Guava Papaya Control
Mean + SD Mean + SD Mean + SD P
Female Energy (Kcal) 1853 + 330 1966 + 376 2003 + 346 0.660
Protein (gram) 44 +14 58 +24 52 +17 0.477
Fat (gram) 100 + 38 118 + 31 87+23 0.09
Carbohydrates (gram) 210 + 70 220 + 72 228 + 67 0.604
Male Energy (Kcal) 2164 + 228 2053 + 45 2108 £172 0.460
Protein (gram) 60 = 20 56 + 28 55+19 0.966
Fat (gram) 161 + 21 145 + 31 137 £19 0.291
Carbohydrates (gram) 235+ 99 220 + 58 220 + 89 0.977
Note: The Value of One-way ANOVA tests show the difference in the average intake of the 3 groups.
Table 2: Differences in Fasting Blood Glucose Levels (mg/dl).
Pre Post A Pre-post
(CECITE Mean + SD Mean + SD Mean + SD pl R p2
Red guava 206 + 41 172 + 41 33+2 Red guava vs. Control 0.000
Papaya 200 + 33 186 + 33 14+0.9 0.001 Papaya vs. Control 0.000
Control 187+38 181+ 33 6.8+5 Red guava vs. papaya 0.140

Note: pl- p value of One-way ANOVA tests; p2 - p value of post hoc tests.

© 2020 The Authors

Romanian Journal of Diabetes, Nutrition and Metabolic Diseases = www.ridnmd.org YAl



Ismawanti Z ef al. The Comparative Effect of Red Guava (Psidium guajava. L) with Papaya (Carica papaya)

effect in STZ-induced diabetic rats. Sureddi
showed that papaya significantly reduced plasma
glucose levels in STZ-induced alloxan diabetic
rats [20]. Papaya could increase insulin secretion
from pancreatic  cells and glucose absorption
by tissues. Post hoc analysis showed a significant
difference in decreasing fasting blood glucose
levels between the red guava and control groups
(p = 0.000), and between papaya and control (p
= 0.000). However, fasting blood glucose levels
between red guava and papaya were not different
significantly (p = 0.140). It means that red guava
and papaya were similarly effective in reducing
fasting blood glucose levels, but red guava had a
higher clinical effect in reducing fasting blood
glucose levels. After the administration of red
guava, the decrease in blood glucose level is 2.3
times greater than in papaya (33 + 2 compared to
14 + 0.9 g/dl, respectively).

Red guava and papaya contain vitamin C
or ascorbic acid, which can affect blood glucose
levels [21-24]. Vitamin C is an antioxidant, which
plays an essential role in protecting against dam-
age from free radicals. Vitamin C is structurally
similar to glucose and can interchange it in many
chemical reactions and effectively prevent the
glycosylation of non-enzymatic proteins. Anti-
oxidants increase B cell function in diabetes,
although the effect may not be through a direct
action on the B cells. Increased action of vitamin
Coninsulin may be due to an increase in non-oxi-
dative glucose metabolism [12].

Red guava contains fiber and quercetin.
Quercetin can reduce blood glucose levels due
to its potential effect as an inhibitor of glucose
transport by intestinal GLUT2 and GLUT5. These
receptors are responsible for glucose absorption
in the small intestine [24]. Fiber consumption has
a positive effect on blood glucose levels in type 2.

DM patients. Dietary fiber delays gastric
emptying time and intestinal glucose absorp-
tion. Studies on type 2 DM patients from Texas
reported that a high-fiber diet would reduce
blood glucose levels [21, 22].

Another beneficial content of papaya in
diabetes is represented by saponins [25]. Sapo-
nins are antidiabetics through their effect of
inhibiting the a-glucosidase enzyme, an enzyme
that plays a role in converting carbohydrates
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to glucose. If the a-glucosidase enzyme is
inhibited, the glucose (sugar) levels in the blood
will decrease, resulting in a hypoglycemic effect
(blood sugar levels decrease) [26]. Saponins are
known to have hypoglycemic effects indicated
by increasing glucose uptake by cells, insulin
release, and effects (insulin sensitizer) [16-17].
Saponins stimulate insulin signals in diabetic
mice, resulting in improved homeostasis [27]. A
limitation of this study was that we did not ana-
lyze other nutrients intake that can decrease
blood glucose levels.

Conclusion

Giving 282.2 grams of red guava and 302.4
grams of papaya for 14 days were equally effective
in reducing blood glucose levels of type 2 diabetes
mellitus patients.
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Abstract

Introduction: Mesenchymal stem cells have the capacity of multidirectional differentiation and reduced immunogenicity;
these cells are widely used in the field of regenerative medicine research. Our aim was to study the effect of stem cell trans-
plantation on the course of the wound process in conditions of combined lesions of the arteries and veins of the lower extrem-
ities in a patient with type 2 diabetes mellitus. Material and Methods: The study presents Patient S., burned in 1952, with a
20-year history of type 2 diabetes. In our protocol, we used autologous mesenchymal stem cells isolated from the patient>s
peripheral blood by magnetic separation using an AutoMACS automatic system (USA). Results: The clinical case shows that
in patients with combined lesions of the arteries and deep veins and large trophic ulcers, it is advisable to use a step-by-step
treatment: first step - the restoration of the arterial blood flow in the extremity; second step - scleroobliteration of the incom-
petent perforator veins and the third step - transplantation of mesenchymal stem cells into muscles along the perimeter of
trophic ulcer. Conclusions: This tactic contributes to the long-lasting and sustained positive clinical effect and rapid healing
of trophic ulcers in patients with type 2 diabetes.

Keywords: Autologous mesenchymal stem cells, large trophic ulcers, patient with type 2 diabetes.

Introduction

According to various authors, oblit-
erating atherosclerosis of the lower extrem-
ities’ arteries is clinically manifested in 2-3%
of the total population, and about 15-20% of
the elderly (average age is 68 + 5.5 years). In
fact, the number of such patients is 3-4 times
greater due to subclinical forms [1, 2, 10-13].
In 60-80% of patients with multiple and
distal forms of pathology, severe ischemia

develops, leading to limb amputations in
10-20% cases. In the first three years after high
amputations, mortality rates increase annu-
ally to 69.5% in patients with chronic critical
ischemia of the lower extremities [3, 4-6, 14,
18, 22].

Due to increased number of patients
with atherosclerotic lesions of several arterial
beds in which arterial reconstructive surgery
of the lower extremities is impossible or at high
risk, as well as a large percentage of patients
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with multilevel or distal lesions of the arteries of
the lower extremities, the revascularization of
lower extremities is not possible in all cases. The
absence of an adequate microcirculatory bed is
one of the causes of early postoperative thrombo-
sis of bypass shunts [1, 7-9, 11, 23-25].

Therefore, the problem of treating
patients with distal lesions of arteries of the
lower extremity is one of the most challenging in
vascular surgery. Its solution will not only save
the limb and improve the quality of life for inop-
erable patients but also significantly extend their
life span [10, 15-17, 20, 26].

Extremely unfavorable are the situations
of combined lesions of the limb arteries with
chronic venous insufficiency. Venous hyperten-
sion is one of the factors in the development of
trophic disorders and initiates a whole cascade
of pathological responses at subcellular, cellular,
and tissue levels. According to the literature, tro-
phic venous ulcers account for more than 70% of
all lower extremity ulcers and are found in every
fifth patient with chronic venous insufficiency.
Using standard conservative therapy that lasts
up to 4 months, healing of venous trophic ulcers
occurs only in 50% of cases, 20% does not heal
after two years of treatment, and after five years
in 8% of patient’s ulcerative defect remains open
[5, 7, 15, 19, 27-29]. The combination of chronic
venous insufficiency with chronic arterial dis-
ease significantly reduces the effectiveness of tra-
ditional treatment of venous trophic ulcers.

The search for new methods of complex
treatment of trophic ulcers of the lower extremi-
tiesisa topical issue of modern medicine, because
despite the constant work of morphologists, sur-
geons and pharmacists to predict the develop-
ment of the wound process, its healing remains
almost an unattainable goal [8, 9, 17, 30].

Nowadays, the methods of stem cell
transplantation of various origins in limb isch-
emia, pancreatic necrosis, diabetes mellitus,
tumor hematology, and other diseases are being
used in medicine more frequently [7-9, 21, 22]. A
certain similarity was observed in the sequence
of expression of marker genes and proteins after
studying the directed differentiation of stem cells
in vitro and in vivo. These cells have the ability to
differentiate into different cell types and repair

© 2020 The Authors

Rom J Diabetes Nutr Metab Dis. 2020; volume 27, issue 3

tissues of damaged organs: liver, heart, skin,
blood vessels, bones, and cl. [8, 11, 19]. Recent
studies have shown that mesenchymal stem cells
have the capacity for multidirectional differenti-
ation and poor immunogenicity; these cells are
widely used in regenerative medicine research.

However, there is little data in the lit-
erature regarding the scientific search for the
possibility of using cellular technologies to treat
patients with trophic ulcers.

The purpose of the study is to investi-
gate the effect of stem cell transplantation on
the course of the wound process in conditions of
combined lesions of the arteries and veins of the
lower extremities in a patient with diabetes.

In our protocol, we used autologous mes-
enchymal stem cells (MSC) isolated from the
patient’s peripheral blood by magnetic separa-
tion using an AutoMACS automatic system (USA).
MSCs met the following criteria for expression
of cell surface markers: >95% of the population
should express CD105, CD73, and CD90, and
<2% did not express CD45, CD34, CD14 or CDllb,
CD79a or CD19, and MSC class ITI HLA were able
to differentiate into osteoblasts, adipocytes, and
chondroblasts in vitro [23, 24].

Case Presentation

Patient S. was admitted to the Depart-
ment of acute vascular diseases of State Insti-
tution “V. T. Zaitsev Institute of General and
Urgent Surgery of National Academy of Medical
Sciences of Ukraine”, complaining of a trophic
ulcer on the left ankle (Figure 1), pain in both
lower extremities (more exacerbated in the right
foot and lower leg), which increase significantly
during exercise, and feeling of cold in the fingers.
Patient height and bodyweight were 162 cm and 71
kg (body mass index = 26.3), respectively. He was
burned in 1952 and had a 20-year history of type
2 diabetes. The patient noted a worsened sleep at
night, which was associated with unpleasant sen-
sations and pain in both lower extremities. The
length of painless walking distance was about
35-50 m, after which severe pain appeared in the
calf muscles of both lower extremities (greater to
the right).
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Figure 1: Patient S. Trophic ulcer of the right calf.

History of the disease

The patient first felt the pain in the lower
extremities during exercise three years ago. She was
treated conservatively at a regional hospital. Two
years ago, she had acute deep vein thrombosis of
the lower extremities. The trophic ulcer appeared
nine months prior to being admitted to the hospi-
tal. Traditional conservative and topical treatment
was unsuccessful as the wound area increased.

During the physical examination, it was
noted that the skin was pale and cold on both the
lower legs and feet with moderate swelling of the
shin. Active and passive movements of the right

and left joint extremities were preserved. While
the femoral pulse was preserved in the right leg,
pulsation of the popliteal, posterior tibial and
anterior tibial arteries was absent. Transcuta-
neous oxygen pressure (TcpO2) of the foot was
9.4 mmHg. Angiography and revascularization
of the right lower extremity was performed on
05/10/2019 (Figure 2).

After revascularization, TcpO2 became
39.6 mmHg. Scleroobliteration of incompetent
perforator veins under ultrasound control was
performed on 10/08/2019 (Figure 3). Aethoxys-
klerol 0.1-3% was used as a sclerotherapy agent
and the sclerosing foam was obtained by the Tes-
sari method (air- sclerosant ratio of 4:1).

Considering the size of the trophic ulcer,
it was decided to include in the treatment regi-
men autologous mesenchymal stem cells which
were isolated from the patient’s peripheral blood
using a magnetic separation method and cultured
according to the standard protocol using a CO2
incubator of 5% atmosphere with a 37°C tempera-
ture, with further trypsinization and technologic
subculturing of cells cultures. The isolation, cul-
tivation, and preservation of mesenchymal stem
cells was performed on the basis of the Institute
of Cellular Biorehabilitation, licensed by the Min-
istry of Health of Ukraine for the Bank of Cord
Blood, Cells and Tissues (Order of the Ministry

Figure 2: Stenting of the superficial femoral and popliteal artery, balloon angioplasty of the anterior tibial artery.
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Figure 3: Scleroobliteration of incompetent perforator veins (ultrasound).

of Health of Ukraine No. 1813 dated 04/10/2018
and order of the Ministry of Health of Ukraine on
18.04.2019 No. 877) and is accredited according to
the international standard ISO 20387: 2018 - bio-
bank and biotechnology.

During standard therapy (surgical
debridement: end result of non keratotic wound
edges with a well-vascularized tissue bed; after
the debridement was successful, local antimicro-
bial therapy was sufficient to eliminate bacteria
in the ulcer), post-usual therapy local injections
of autologous mesenchymal stem cells were used
for four days.

On 10/10/2019, transplantation of stem
cells into the leg’s muscle tissue along the border
of the trophic ulcer was performed (Figure 4). The
dose was 5 ml of suspension containing 5.0x10°
cells per 1 cm? of wound area. The pre-cell sus-
pension was tested for the absence of pathogens.
Negative results of serological and viral tests -
HIV-1and 2 (HIV Ag/Ab); Hepatitis B Virus Infec-
tion, Anti-hepatitis B core antigen (Anti-HBc);

Figure 4: Stem cell transplantation in the muscle tissue
of the calf.

© 2020 The Authors

Hepatitis C Virus Infection, Anti-HCV; Syphilis
specific tests were obtained.

Cell therapy was performed according to
the following protocol: after division, the character-
istics and subculturing of the stem cells were intro-
duced four times into the ulcer zone in eight points.

The patient was discharged from the hos-
pital with recommendations for local treatment
of the wound with ointments based on fat (meth-
yl-uracil 10% ointment), the use of dual disaggre-
gate therapy, blood pressure and glycemic control.
Patient monitoring was performed every two
weeks for up to 12 weeks of outpatient follow-up.

One month after the cell transplantation,
the epithelization of approximately one-third of
the wound area was noted (Figure 5).

Two months post cell transplantation,
the patient’s local status and general condition
were improved, had increased ability for working
and general activities (Figure 6). Also, TcpO2 was
42.3 mmHg.

Figure 5: One month after stem cell transplantation.
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Figure 6: Two months after stem cell transplantation.

Figure 7: Four months after stem cell transplantation.

The first signs of wound healing were
observed four months after the start of therapy
(Figure 7). After cell transplantation, the condi-
tion of the patient was good, and working ability
was preserved, allowing an active life. There was
no limb edema, and the wound healed completely.

Discussion

Thus, the above clinical case shows that
in patients with combined lesions of the arter-
ies, deep veins and the presence of large trophic
ulcers, it is advisable to use a step-by-step treat-
ment: first step - restoration of the arterial blood
flow in the affected extremity, second step - scle-
roobliteration of the incompetent perforator veins
(Figure 3) and the third step - transplantation of

218 https://doi.org/10.46389/rjd-2020-1033

mesenchymal stem cells into the muscles along
the perimeter of the trophic ulcer (Figure 4). This
tactic contributes to the long-lasting and sus-
tained positive clinical effect and rapid healing of
trophic ulcers in patients with diabetes type 2.

Conclusion

In the initial stages of diagnosis, the
multidisciplinary team should make treatment
recommendations based on the severity of isch-
emia and the presence of infectious lesions. Mul-
tidisciplinary collaboration and optimization
of treatment regimens are necessary if there is
a long-term possibility of preserving any part
of the foot or leg. It is clinically proven that
the use of mesenchymal stem cell transplanta-
tion for patients with combined lesions of the
lower extremity arteries and veins significantly
increases the chances of successful treatment of
trophic ulcers and chronic wounds. It is prom-
ising to study the effectiveness of the proposed
method on a larger contingent of patients.
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Abstract

Introduction: Osteocalcin (OCN) and Sirtuin 1 (SIRT1) are intricately involved in metabolic syndrome (MetS) and prediabetes
(PreDM) anomalies and derangements. In a heterogeneous pool of nondiabetic and preDM MetS recruits, adiposity, atherogenic-
ity and blood indices, SIRT1 and OCN were compared to the respective parameters in normoglycemic and lean controls. Further
testing of putative relationships between indices and markers was performed in 59 patients with MetS. Material and Methods: In
this cross-sectional study, comparisons and correlations were undertaken for biomarkers, adiposity, atherogenicity and hema-
tological indices in 29 MetS-normoglycemic and 30 newly diagnosed drug-naive MetS-preDM patients versus 29 lean, healthy
and normoglycemic controls. ANOVA and Spearman rank correlations were used for statistical comparisons. Results: OCN level
(OCN; ng/mL) was significantly higher in normoglycemic MetS vs. both MetS-PreDM and controls (28.13+1.22 and 26.02+3.2 vs.
23.3+3.19, P<0.001 respectively). In contrast, the circulating level of SIRT1 (ng/mL) was lower in both normoglycemic and preDM
MetS vs. healthy controls (1.42+0.47 and 1.64+0.58 vs. 3.88+0.95; P<0.001, respectively). Except for fasting plasma glucose and
glycated hemoglobin (AIC), no further intergroup discrepancy could be identified between normoglycemic-MetS and preDM-
MetS. Notably, adiposity indices and the atherogenicity index of plasma were significantly higher in both MetS (normoglyce-
mic and preDM) groups vs. controls. The LDL-C/HDL-C ratio, visceral adiposity index, and waist/hip ratio were higher only in
MetS-preDM vs. controls. In the MetS pool (n=59), OCT, but not SIRT1, was associated reciprocally with fasting glycemia and A1C,
monocyte/lymphocyte ratio, but proportionally with HC. In the same MetS pool, SIRTI correlated significantly positively with TG,
lipid accumulation product, visceral adiposity index and the atherogenicity index of plasma. Conclusions: OCN and SIRT1 may
reciprocally participate in the development of MetS and preDM; both biomarkers may be putatively surrogate diagnostic/prog-
nostic tools for metabolic anomalies prediction/prevention and pharmacotherapy.

Keywords: sirtuin 1, osteocalcin, prediabetes and metabolic syndrome, adiposity, hematology and atherogenicity indices.

Introduction

Diabetes mellitus (DM) is a constellation
of progressive metabolic and endocrine derange-
ments and anomalies [1]. Individuals with predi-
abetes (PreDM) have a glycosylated hemoglobin
(HbAIC) value of 5.7-6.4%, impaired fasting glu-
cose (IFG) and/or impaired glucose tolerance

(IGT). PreDM, as a risk factor for cardiovascu-
lar disease (CVD) and diabetes, correlates with
abdominal obesity, hypertension (HTN), athero-
genic dyslipidemia, and visceral obesity [1]. As
stated by the International Diabetes Federation
(IDF) [2], MetS is principally identified by central
obesity (measured by waist circumference (WC)
in relevance to gender and ethnicity) with two

© 2020 The Authors. Romanian Journal of Diabetes, Nutrition and Metabolic Diseases published by Sanatatea Press
Group on behalf of the Romanian Society of Diabetes Nutrition and Metabolic Diseases. This is an open access article
under the terms of the Creative Commons Attribution License (CC-BY-NC-ND 3.0).



or more anomalies of MetS components. MetS is
heterogeneous due to its components’ diversity,
including dropped high-density lipoprotein cho-
lesterol (HDL-C), raised triglyceride, raised blood
pressure (BP) and/or raised fast blood glucose
(FBG) levels [3].

Sirtuin 1 (SIRT1) belongs to the NAD+-de-
pendent histone deacetylases (HDAC) family
that prevents DNA transcription. In general,
sirtuins predominantly regulate metabolism
through their regulation of inflammation, oxi-
dative stress and mitochondrial function, thus
improving insulin resistance and T2DM. SIRT1
levels have an inverse relationship with cardiac
performance and inflammatory cytokines in
subcutaneous abdominal fat in overweight pre-
diabetic patients [4]. SIRT1 can also be involved
in the diversity of neurodegeneration, tumors,
cardiomyopathies, arrhythmias, hypertension,
dysregulation of insulin secretion from the pan-
creatic (B-cells, endothelial dysfunction, athero-
sclerosis, MetS, obesity with fatty liver, DM, and
dyslipidemia [5].

As a serum marker of bone formation,
osteocalcin (OCN) is produced by osteoblasts. Low
serum osteocalcin concentration is associated
with lower bone remodeling and/or decreased
bone quality in T2DM women with osteoporosis.
The osteopontin-osteocalcin (OCN)-osteoprote-
gerin hormone triad involved in bone remodeling
may affect glucose metabolism in preDM before
overt T2DM occurs. Serum OCN concentration
is negatively correlated with FPG, insulin resis-
tance, and HbA1C. Furthermore, MetS is related
to abdominal obesity, dyslipidemia, hyperglyce-
mia, and hypertension and is substantially asso-
ciated with osteoporosis. Contradictory reports
delineated the lack of interaction among the skel-
etal bone-derived factors (OCN, Fibroblast growth
factor 23, neutrophil gelatinase-associated lipo-
calin, Lipocalin-2) with visceral obesity and body
mass index (BMI) [6-7]. This study aimed to com-
pare and correlate Osteocalcin (OCN) and Sirtuin
1 (SIRT1) plasma levels, a set of clinical parame-
ters, MetS related-adiposity, atherogenicity and
hematological indices between normoglycemic
MetS and newly diagnosed drug-naive predia-
betic MetS patients vs. lean, apparently healthy
and normoglycemic controls.

© 2020 The Authors
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Material and Methods
Study design

This cross-sectional study was conducted
to examine the comparison and relation between
plasma levels of OCN and SIRTI in three groups
of the Jordanian population:

1. Control group: 29 participants were appar-
ently healthy and lean (BMI < 25 kg/m?), and
did not have hyperglycemia. A1C < 5.7%, and
FPG < 100 mg/dL [1] were mainly considered
for comparison purposes;

2. MetS-normoglycemic group: 29 participants;
patients with central obesity plus > 2 MetS
components [1, 2] were either overweight
(BMI > 25 kg/m?) or obese (BMI > 30 kg/m?).
Al1C < 5.7%, FPG < 100 mg/dL;

3. MetS-PreDM group: 30 participants; predia-
betic patients were overweight or obese with
central obesity plus > 2 MetS components [2],
but necessarily defined as drug-naive sub-
jects (Figure1).

Individuals with any of the following cri-
teria were excluded from the study:

- Fasting for less than 12 hours.

- Females who are breastfeeding or pregnant.

- Anyprevioustreatment with antidiabetic, anti-
hyperlipidemic, or antihypertensive agents.

- Clinical evidence of autoimmune or
life-threatening disease (drug abuse/alcohol/
recently diagnosed with an untreated endo-
crine disorder).

- Patients with autoimmune or chronic inflam-
matory diseases.

- Obesity secondary to endocrine disorders,
other than DM.

Study sample size

Sample size had been calculated by the
following formula [8]:

N:2><SD2 x(z, +zB)2
AZ

Romanian Journal of Diabetes, Nutrition and Metabolic Diseases :: www.rjdnmd.org 221



Kasabri V et al. Sirtuin 1, but not Osteocalcin, Correlates with Lipid Accumulation Product

Where:

N: Sample size

Z: Type one error=1.96 when a = 5%

Z,: Type two error=1.28 when B=10%

SD = Standard deviation of OCN from
Magalhaes et al. [9a] study; equals 4.60 ng/mL

A = the difference between OCN levels
in the MetS group vs. the control group in this
observational study equals to 3.91 ng/mL. Thus,
the minimum required number of participants
per each group was 29 for OCN (Figure 1).

Clinical setting and metabolism-related indices

All ethical principles for medical research
relating to human subjects were obligatory. The
study was approved by the Scientific Research Com-
mittee of the School of Pharmacy and Deanship
of Scientific Research at the University of Jordan
approved the study. Further approval was obtained
from the Jordan University Hospital Institutional
Review Board (IRB) according to human and animal
rights and Helsinki Declaration [9b]. Demographic
data, as well as anthropometric measurements and
lab tests, were obtained from each participant.

Consequently, adiposity, atherogenicity
and blood indices were calculated as the following:

Waist-to-hip ratio (WHR)=waist circumfer-
ence (cm)+ hip circumference (cm) [10];
Waist-to-height ratio (WHtR)=waist circum-
ference (cm)+height (cm) [11];

Conicity index (CI)=WC (cm)+0.109*square
root of (weight(kg)+height(m)) [12];

Body adiposity index (BAI)= (HC (cm) /(height
(m)1.5) )-18 [13];

Lipid accumulation product (LAP) [14];

Male LAP= (WC (cm)-65) x (TG (triglycerides)
concentration (mM));

Female LAP= (WC (cm) - 58) x (TG concentra-
tion (mM));

Visceral adiposity index (VAI) [15];

Male VAI=WC (cm)+39.68+(1.88*BMI) *(TG
concentration+1.03)* (1.31+HDL-C);

Female VAI =WC (cm)+36.58+(1.89*BMI) *(TG
concentration+0.81)* (1.52+HDL-C);
Atherogenic index of plasma (AIP)= LoglO (TG
concentration/HDL-C) [16];
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Total cholesterol/HDL-C (TC/HDL-C) ratio =
Total cholesterol + HDL- C [17];

LDL-C/HDL-C ratio =LDL-C + HDL-C [18];
Non-HDL-C=total cholesterol-HDL-C [18];
Platelet-to lymphocyte ratio (PLR)= Platelets
counts+ Lymphocytes counts [19];
Neutrophil-to-lymphocyte ratio (NLR)= Neu-
trophils counts + Lymphocytes counts [19];
Monocyte-to-lymphocyte ratio (MLR)=
Monocytes counts + Lymphocytes counts [20];

Statistical analysis

All study participants were organized
accordingly to the study groups. Data were
entered and tested through IBM SPSS®©statistics
22 (SPSS, Inc., USA). Gender variation between
the groups was analyzed utilizing the Chi-square
test. Results were expressed as mean +SD. The
One-Way Analysis of Variance (ANOVA) test was
used to contrast continuous dependent variables
across the study groups. To assess the strength
and direction of the association between continu-
ous variables in MetS groups, which contain both
normoglycemic and prediabetic MetS subjects, we
used the Spearman’s rank correlation coefficient.

Results
Demographic data

All study participants were Jordanians.
Females were the majority of patients, represent-
ing 72.72% of all study population, and the gender
was not distributed homogeneously between the
three study groups but with no marked discrep-
ancies between the 3 groups (Table 1). On the con-
trary, the age had vital variations between study
groups (P< 0.001).

Clinical, adiposity, atherogenicity, and
hematological indices
Both MetS groups (normoglycemic and

preDM) had significantly higher values of DBP
(P< 0.001), SBP (P< 0.001), TG (P< 0.001), and

© 2020 The Authors
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Table 1: Comparison of anthropometric and clinical parameters, adiposity, atherogenicity, and hematological
indices as well as metabolic risk biomarkers in study participants.

Gender
Gender Total Sample C(;);:)t;‘;l NOBI;IIZItOSgg; ((:)zn;ic— MetS-PreDM Group #P-value
Female, N (%) 64 (72.72%) 22 (75.86%) 23 (79.3%) 19 (63.3%) 0.334
Male, N (%) 24(26.1%)  7(24.13%) 6 (20.70%) 11 (36.6%)
Total 88 (100%) 29 (100%) 29 (100%) 30 (100%)
Age
*P-value
Age (years, Mean 49.72+1.17  44.39+2.05 49.07+2.00 55.68+1.51 <0.001
+SD)
Clinical characteristics
Control, group MetS group, MetS-PreDM,
N=29 N=29 group. Pl-value P%-value P3-value
MeaniSD# Mean+SD# N=30
Mean+SD#
SBP (mmHg) 117.1+2.23 138.17+1.64 137.42+3.06 <0.001 <0.001 1
DBP (mmHg) 73.03+1.86 86.47+1.56 85.42+2.26 <0.001 <0.001 1
FBG (mg/dL) 85.31+1.40 88.53+1.72 112.57+3.45 1 <0.001 <0.001
AlC (%) 5.08+0.07 5.28+0.06 6.22+0.13 0.408 <0.001 <0.001
TG (mg/dL) 92.82+5.49 201.68+16.89  210.93+25.64 <0.001 <0.001 1
LDL-C (mg/dL) 129.65+6.07 143.87+6.12 142.21+7.23 0.380 0.519 1
HDL-C (mg/dL) 59.33+2.26  44.00+2.05 47.19+3.07 <0.001 0.003 1
TC (mg/dL) 195.80+6.26  208.60+7.32  218.03+8.40 0.673 0.105 1
Non-HDL-C 136.46+6.96  164.59+6.35 170.84+7.86 0.019 0.003 1
(mg/dL)
Adiposity indices
WC (cm) 87.23+1.81 107.1+1.96 107.66+2.30 <0.001 <0.001 1
HC (cm) 99.13+1.53 116.73+2.00 115.19+2.29 <0.001 <0.001 1
BMI (Kg/m?) 23.20+0.34 33.85+1.04 33.10+1.23 <0.001 <0.001 1
WHR 0.88+0.01 0.92+0.01 0.94+0.01 0.083 0.004 0.847
WHtR 0.54+0.01 0.67+0.01 0.67+0.02 <0.001 <0.001 1
CI 1.30+0.02 1.34+0.01 1.36+0.02 0.424 0.057 1
BAI 29.92+0.78 39.66+1.24 38.77+1.71 <0.001 <0.001 1
LAP 29.09+3.09 108.99+10.79  102.91+11.90 <0.001 <0.001 1
VAI 1.33+0.12 3.95+0.45 5.38+1.76 0.252 0.024 1
Atherogenicity indices
AIP 0.19+0.04 0.63+0.05 0.62+0.07 <0.001 <0.001 1
TC/HDL-C 3.47+0.20 4.90+0.20 6.12+1.32 0.617 0.058 0.835
LDL-C/HDL-C 2.40+0.17 3.37+0.15 3.59+0.43 0.053 0.01 1
Non-HDL-C/ 2.48+0.20 3.90+0.20 5.16+1.32 0.621 0.051 0.773
HDL-C
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Table 1: Continued
Clinical characteristics
Control, group MetS group, BLEERER I,
N=29 N=29 group. Pl-value P%-value Pi-value
Mean+SD#  Mean+SD# N=30
Mean+SD#
Hematological indices
RDW-CV (%) 14.4+0.23 14.45+0.18 14.62+0.25 1 1 1
PLT count (x10°/L) 273.03+12.36 274.50+11.42 271.23+8.92 1 1 1
Monocytes% 5.63+0.28 5.31+0.24 5.40+0.24 1 1 1
Neutrophils% 57.39+1.12 57.39+1.59 59.82+1.72 1 0.755 0.769
Lymphocytes% 33.49+1.17 33.14+1.27 30.20+1.46 1 0.23 0.348
MLR 0.17+0.01 0.17+0.01 0.21+0.03 1 0.432 0.288
NLR 1.81+0.10 1.87+0.13 2.53+0.43 1 0.174 0.253
PLR 8.46+0.49 8.79+0.57 10.33+1.08 1 0.257 0.479
Metabolic risk biomarkers
OCN (ng/mL) 23.3+3.19 28.13+1.22 26.02+3.2 <0.001 0.01 0.38
SIRTI (ng/mL) 3.88+0.95 1.42+0.47 1.64+0.58 <0.001 <0.001 0.786

Note: P-value was obtained by ANOVA test. For gender we obtained the P-value using the Chi-Square test.
Pairwise comparisons were done through Bonferroni adjustment.

P-value <0.05 are bold. P normoglycemic MetS group versus control, P* MetS-PreDM versus control, P> MetS-
PreDM versus MetS normoglycemic. AIP: atherogenicity index of plasma, BAI: body adiposity index, CI:
conicity index, DBP: diastolic blood pressure, FPG: fasting plasma glucose, A1C: glycosylated hemoglobin A1C,
HC: hip circumference, HDL-C: high density lipoprotein-cholesterol, LAP: lipid accumulation product, LDL-C/

HDL-C: low density lipoprotein cholesterol-to-high density lipoprotein cholesterol ratio, LDL-C: low density
lipoprotein-cholesterol, MLR: monocyte-to-lymphocyte ratio, NLR: neutrophil-to-lymphocyte ratio, non-
HDL-C/HDL: non high density lipoprotein-to-high density lipoprotein ratio, non-HDL-C: non-high density
lipoprotein cholesterol, OCN: Osteocalcin, PLR: platelet-to-lymphocyte ratio. PLT: platelets, RDW: red cell
width, SBP: systolic blood pressure, SIRT1: Sirtuin 1, TC/HDL-C: total cholesterol-to-high density lipoprotein
cholesterol ratio, TC: total cholesterol, TG: triglycerides, WC: waist circumference, WHR: waist-to-hip ratio,

WHtR: waist-to-height ratio.

non-HDL-C (P1= 0.019, P2= 0.003) than the control
group and significantly lower values of HDL-C
(pl< 0.001, p2= 0.003) in contrast to control group.
However, in contrast to other clinical character-
istics, the MetS-PreDM group presented signifi-
cantly higher values of FPG and HbA1C than both
normoglycemic MetS group and control group (P<
0.001) (Table 1). Also, both MetS groups (normo-
glycemic and PreDM) had a significantly higher
value of adiposity indices, namely BMI, WC, HC,
WHtR, BAI, and LAP than the control group (P<
0.001). Outstandingly, WHR and VAI had a sig-
nificantly higher value in the MetS prediabetic
group compared to controls (P<0.05). As for hema-
tologic parameters, all the parameters failed to
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report any significant variability evidence in all
the study groups (P>0.05). Interestingly, in our
atherogenicity indices, as shown in Table 1, both
normoglycemic MetS and MetS-PreDM groups
had significantly higher AIP in comparison to the
control group (P< 0.001), meanwhile the LDL-C/
HDL-C ratio was significantly higher in MetS-
PreDM compared to the control group (P<0.05).

SIRT1 and OCN plasma levels
OCN level (OCN; ng/mL) was significantly

higher in normoglycemic MetS vs. both MetS-
PreDM and controls (28.13+1.22 and 26.02+3.2 vs.

© 2020 The Authors



23.3+3.19, P<0.001 respectively). In contrast, the
circulating level of SIRT1 (ng/mL) was lower in
both normoglycemic and preDM MetS vs. healthy
controls (1.42+0.47 and 1.64+0.58 vs. 3.88+0.95;
P<0.001, respectively) (Table 1).

SIRT1 and OCN Correlations

As shown in Table 2, in the MetS pool
of participants (N=59), no OCN-SIRTI1 relation
could be disclosed. No molecular metabolic risk
biomarker was related to the subclinical inflam-
mation indicator RDW-CV. With the exception
of HC, OCN notably lacked positive interdepen-
dence with any of the adiposity indices. SIRT1
was associated with the LAP and VAI adipos-
ity indices directly, but inversely with PLT in
the same pool of MetS participants (rs=0.303,
rs=0.323, rs=0.286, rs=0.275, rs=0.275, rs=-0.314,
respectively, P<0.05). Substantially, SIRT1 was
proportionally associated with the triad of TG,
TG/HDL-C and AIP. Nevertheless, OCN did not
relate to any of the lipid profile parameters (non-
HDL-C inclusive) or any of their atherogenicity
indices. OCN related reciprocally with FPG, AlC,
monocytes, and its MLR (rs=0.266, rs= -0.376,
rs=-0.317, rs=-0.359, rs=-0.309, respectively,
P<0.05). SIRTI lacked marked relatedness with
the glycemic control or any of blood indices;

The supplementary describes the rela-
tionships between clinical, adiposity, athero-
genicity, and hematological parameters in the
59 MetS (Pre-DM and normoglycemic) recruits
(Supplementary).

Discussion

In our heterogeneous pool of nondiabetic
and prediabetic MetS recruits (n=59), metabo-
lism-related adiposity, atherogenicity and blood
indices, and molecular metabolic risk biomarkers
SIRT1and OCN were compared vs. the respective
parameters in normoglycemic and lean controls.
Further testing of putative relationships between
indices and markers was also conducted in 59
participants from the MetS group. In a study by
Calabrese et al. [21], the analysis of lymphocytes

© 2020 The Authors
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revealed a significant reduction of the SIRT1
expression in T2DM patients in a striking dis-
similarity to our study. Effectively western blot
analysis of peripheral blood mononuclear cell’s
SIRT1 in MetS patients with the ATP III criteria
by De Kreutzenberg et al. [22] revealed signifi-
cantly lower levels of SIRT1 expression in MetS
vs. non-MetS subjects. Our study also showed a
novel finding that SIRT1 is associated with TG,
LAP, VAI, TG/HDL-C ratio, AIP, and PLT in the
pool of MetS participants.

Former studies illustrated that plasma
OCN concentrations were reduced in diabetic
patients, so evidently, OCN might be a hopeful
predictive marker to estimate the T2DM risk. In
a cross-sectional study by Bador et al. [23], the
plasma concentration of OCN was compared
between IDF defined-MetS participants that
were segregated into diabetic and nondiabetic.
Their study found a significant relationship
between lower OCN plasma levels, and higher
FPG and homeostasis model assessment of insu-
lin resistance (HOMA-IR) in MetS patients with
DM vs. those without DM. Compared to ours,
these results showed that MetS-Pre-DM (unlike
normoglycemic-MetS) subjects had substan-
tially higher HbA1C and FPG values with lower
OCN plasma levels. Also, the results of Bao et al.
[24] were effectively comparable with our find-
ings [24]. Study subjects were divided into four
groups according to quartiles of serum osteocal-
cin levels: 25" percentile (less than 13.11 ng/mL),
25-50" percentile (13.12 - 16.17 ng/mL), 50 -75%
percentile (16.18 - 19.88 ng/mL) and 75" percen-
tile (more than 19.89 ng/mL). Bao et al. revealed a
decreasing trend in serum osteocalcin levels that
accompanied increases in FPG, 2hPG, AlC, and
HOMA-IR levels [24].

Conflicting results in the association of
OCN with adiposity, hypertension, and dyslipid-
emia were delineated. Xu et al. [25] investigated
the relationship between serum OCN levels and
blood pressure in non-hypertensive and hyper-
tensive groups from a Chinese population. The
serum OCN level in their study was not associ-
ated with blood pressure in women nor with DBP
in men, but it was associated significantly with
SBP in men [25]. However, this association dis-
appeared after adjustment for BMI, WC, blood
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Figure 1: Recruitment process flow chart.

glucose, and HOMA-IR. The opposite finding
was observed in the study of Magalhaes et al.
[9]. There was a significant association between
serum OCN levels and SBP, BMI, WC, and FBG in
a Brazilian population with and without MetS.
Similarly, the study results of Bao et al.
indicated that serum OCN levels correlated
with all the anthropometric indices of obesity:
SBP, FPG, 2-h plasma glucose (2hPG), HbAIC,
HOMA-IR, TC, TG, and free fatty acids [24]. In
accordance with our study, the serum OCN con-
centrations were not associated with SBP, DBP,
TG, LDL-C, HDL-C, TC, WC, or BMI in MetS
patients. However, they were correlated with
FBG, consistent with the results of Bador et al.
[23]. Moreover, none of the above studies exam-
ined the correlation of serum OCN levels with
atherogenicity and hematological indices. Nev-
ertheless, our results revealed that plasma OCN
concentrations correlated with MLR and mono-
cytes. Regarding the limitations of our study,
it must be noted that no causality relationship
may be concluded with the cross-sectional study

© 2020 The Authors
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design, which includes a single time point for
sampling biomarkers and subsequent determina-
tion and that recruiting a larger sample size was
hindered owing to financial restrictions.

Conclusions

We found that OCN levels were signifi-
cantly higher in MetS vs. healthy non-MetS con-
trols; the circulating level of SIRT1 was lower in
both groups: normoglycemic and PreDM-MetS
vs. healthy controls. Also,

WC, HC, BMI, WHtR, BAI, LAP, and AIP
were significantly higher in both MetS (non- and
PreDM) groups vs. controls. The LDL-C/HDL-C
ratio, VAI, and WHR were greater in MetS-PreDM
(but not normoglycemic MetS) vs. lean recruits.
OCN correlated positively with HC, but recipro-
cally with FPG, Al1C, monocytes, and MLR. SIRT1
associated proportionally with TG, TG/HDL-C
ratio, and AIP, LAP, and VAI, but inversely with
PLT in the same pool of MetS participants.

Romanian Journal of Diabetes, Nutrition and Metabolic Diseases :: www.rjdnmd.org 221



Kasabri V et al. Sirtuin 1, but not Osteocalcin, Correlates with Lipid Accumulation Product

However, except for FPG and HbA1C, no
further intergroup variation could be identified
between the MetS groups. Also, no OCN-SIRT1
relation could be detected in the 59 MetS partici-
pants (normoglycemic and PreDM).

No biomarker (OCN/SIRT1) correlated
with SBP, DBP, LDL-C, HDL-C, TC, non-HDL-C,
WC, CI, BMI, BAI, WHR, WHtR, non-HDL-C/
HDL-C ratio, TC/HDL-C ratio, LDL-C/HDL-C
ratio, RDW-CV%, neutrophils, lymphocytes,
NLR, and PLR.
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Supplementary

It demonstrates correlations between clinical, adiposity, atherogenicity, and hematological parame-
tersin MetS group as the following:

Age: Age correlated positively with WC, CI, WHtR, FBG, and A1C, but negatively with DBP.
Both AIC and FBG correlated positively with each other.

Adiposity indices

Weight: Weight associated positively with WC, HC, BMI, WHtR, LAP, and RDW-CV%.

Height: Height correlated inversely with BMI, BAI, and WH{tR.

WC: WC associated positively with weight, HC, CI, BMI, BAI, WHR, WHtR, and LAP.

HC: HC correlated disproportionally with WHR, but positively with weight, WC, BMI, BAI, WHtR,
LAP, and RDW-CV%.

CI: CI associated positively with WC, WHR, and WH{tR.

BAI: BAI associated positively with HDL-C, WHtR and RDW-CV%.

WHtR: WH{tR correlated negatively with height but positively with LAP, BMI and HDL-C.

Atherogenicity indices

TG: TG associated positively with LAP, TC, Non-HDL-C, Non-HDL-C/HDL-C ratio, VAI, TC/HDL-C
ratio, LDL-C/HDL-C ratio, TG/HDL-C ratio, and AIP.

LAP: LAP associated positively with TC, Non-HDL-C, Non-HDL-C/HDL-C ratio, VAI, TC/HDL-C
ratio, LDL-C/HDL-C ratio, TG/HDL-C ratio, and AIP.

LDL-C: LDL-C correlated positively with Non-HDL-C/HDL-C ratio, TC/HDL-C ratio, LDL-C/
HDL-C ratio, and PLT.

HDL-C: HDL-C correlated inversely with Non-HDL-C/HDL-C ratio, VAI, TC/HDL-C ratio, LDL-C/
HDL-C ratio, TG/HDL-C ratio, and AIP, but positively with PLT.

TC: TC correlated positively with LDL-C, HDL-C, Non-HDL-C, Non-HDL-C/HDL-C ratio, TC/
HDL-C ratio, LDL-C/HDL-C ratio, and PLT.

Non-HDL-C and Non-HDL-C/HDL-C ratio: they associated positively with each other and with
LDL-C, VAI, TC/HDL-C ratio, LDL-C/HDL-C ratio, TG/HDL-C ratio, and AIP.

VAI: VAI correlated positively with TC/HDL-C ratio, LDL-C/HDL-C ratio, TG/HDL-C ratio, and
AIP.

TC/HDL-C ratio and LDL-C/HDL-C ratio: both they positively correlated with each other.

Blood indices
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MLR, NLR, and PLR: They correlated negatively with lymphocytes and positively with each other
and with neutrophils.
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Supplementary correlations of adiposity, clinical, atherogenicity, and hematological parameters
in the MetS groups (Both normoglycemic and pre-diabetic) participants (N=59).

Age R
(years) P-value
Weight R
(kg) P-value
Height R
() P-value
WC(cm) R
P-value
HC(cm) R
P-value
CI R
P-value
BMI R
(kg/m?) P-value
BAI R
P-value
WHR R
P-value
WHtR R
P-value
SBP R
iy P-value
DBP R
(Lt P-value
FBG R
(mg/dL) P-value
Al1C% R
P-value
TG R
(mg/dL) P-value
LAP R
P-value
LDL-C R
e P-value
HDL-C R
(mg/dL) P-value
TC R
(mg/dL) P-value
© 2020 The Authors

Age
(years)

1.000

-0.067
0.612
-0.332
0.010
0.281
0.031
0.059
0.658
0.438
0.001
0.010
0.938
0.232
0.077
0.197
0.134
0.329
0.011
-0.136
0.304
-0.290
0.026
0.268
0.040
0.337
0.009
-0.083
0.530
0.007
0.959
0.131
0.321
0.034
0.796
0.074
0.575
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Weight
(kg)

-0.067
0.612
1.000

0.398
0.002
0.720
0.000
0.647
0.000
-0.164
0.213
0.701
0.000
0.223
0.089
-0.015
0.909
0.387
0.002
0.082
0.539
-0.031
0.815
-0.155
0.240
0.046
0.727
0.053
0.691
0.303
0.020
-0.161
0.224
-0.141
0.288
-0.201
0.126

Height
(cm)

-0.332
0.010
0.398
0.002
1.000

-0.071
0.591
-0.147
0.267
-0.226
0.085
-0.269
0.040
-0.714
0.000
0.105
0.430
-0.563
0.000
-0.026
0.844
0.165
0.211
0.064
0.633
0.010
0.942
0.087
0.513
-0.053
0.692
-0.342
0.008
-0.412
0.001
-0.325
0.012

WC (cm) HC (cm)

0.281 0.059
0.031 0.658
0.720 0.647
0.000 0.000
-0.071 -0.147
0.591 0.267
1.000 0.771
0.000
0.771 1.000
0.000
0.416 0.113
0.001 0.393
0.779 0.805
0.000 0.000
0.570 0.750
0.000 0.000
0.269 -0.313
0.039 0.016
0.832 0.710
0.000 0.000
0.075 0.060
0.572 0.650
-0.157 -0.100
0.236 0.452
-0.028  -0.085
0.836 0.522
0.193 0.040
0.144 0.765
-0.054 -0.011
0.684 0.933
0.352 0.334
0.006 0.010
-0.012 0.006
0.931 0.967
0.100 0.175
0.450 0.184
-0.099  -0.078
0.458 0.559

CI

0.438
0.001
-0.164
0.213
-0.226
0.085
0.416
0.001
0.113
0.393
1.000

-0.056
0.676
0.174
0.187
0.590
0.000
0.421
0.001
0.088
0.509

-0.053
0.692
0.183
0.166
0.177
0.180
-0.118
0.375
0.098
0.458
0.029
0.829
0.117
0.378

-0.013
0.919

BMI
(kg/m?)

0.010
0.938
0.701
0.000
-0.269
0.040
0.779
0.000
0.805
0.000
-0.056
0.676
1.000

0.765
0.000
-0.106
0.423

0.816
0.000
0.092
0.489
-0.149
0.259
-0.176

0.182
0.039
0.767
-0.025
0.850
0.339
0.009

0.051
0.699

0.183

0.165
-0.005

0.972

www.rjdnmd.org

BAI

0.232

0.077
0.223

0.089
-0.714
0.000
0.570
0.000
0.750

0.000
0.174

0.187

0.765

0.000
1.000

-0.298
0.022
0.868
0.000
0.057
0.671

-0.188
0.153

-0.064
0.630
0.028
0.836

-0.039
0.767
0.284
0.029
0.243
0.064
0.354
0.006
0.177
0.180

WHR

0.197
0.134
-0.015
0.909
0.105
0.430
0.269
0.039
-0.313
0.016
0.590
0.000
-0.106
0.423
-0.298
0.022
1.000

0.127
0.338
0.048
0.716
0.038
0.775
-0.019
0.889
0.088
0.510
-0.038
0.775
0.073
0.584
-0.075
0.573
-0.080
0.549
-0.053
0.691

231



Kasabri V et al. Sirtuin 1, but not Osteocalcin, Correlates with Lipid Accumulation Product

(yﬁgss) V‘;‘;'(lgg)ht H(‘lei})‘t WC(cm) HC(cm)  CI (kBgl}’InIlz) BAI WHR

Non- R 0109 -0195 -0.317 -0.33 -0.131 -0.069 -0.011 0.148 -0.037
:ﬁ)gl‘/;l‘i) Pvalue 0413 0139 0014 0316 0321 0601 0935 0.263 0.779
RDW-CV% R -0.031 0.276 -0.122 0249 0370 -0139 0.424 0319 -0.129
P-value  0.817 0.034 0355 0.058 0.004 0293 0001 0.014 0.332

WHER (mslfll-)lg) (m]ﬁl;g) FB?if)ng/ AIC% TGd(f)lg/ LAP (11;1];7&(5) (ngg%],)

Age R 0.329 -0136 -0.290 0.268 0.337 -0.083 0.007 0131  0.034
(years)  piie 0.0l 0304 0026 0040 0009 0530 095 0321  0.796
Weight R 0.387  0.082 -0.031 -0155 0.046 0.053 0303 -0.161 -0.141
(kg) Pvalue  0.002 0539  0.815 0240 0727 0.691 0.020 0224  0.288
Height R -0.563 -0.026 0165  0.064 0010 0.087 -0.053 -0.342 -0.412
(i) P-value  0.000 0.844 0211 0633 0.942 0513 0.692 0.008  0.001
WC(cm) R 0.832  0.075 -0157 -0.028 0.193 -0.054 0.352 -0.012  0.100
P-value  0.000 0572 0236 0.836 0144 0.684 0.006 0931  0.450

HC(cm) R 0.710  0.060 -0.100 -0.085 0.040 -0.011 0.334 0.006  0.175
P-value  0.000 0.650  0.452  0.522 0.765 0933 0.010 0967  0.184

CI R 0.421  0.088 -0.053 0.83 0177 -0.118 0.098 0.029  0.117
Pvalue  0.001  0.509  0.692  0.166 0.180 0.375 0.458 0.829  0.378

BMI R 0.816  0.092 -0.149 -0.I76 0.039 -0.025 0.339 0.051  0.183
(kg/m’) b alue  0.000 0489 0259 0182  0.767 0.850 0.009 0.699  0.165
BAI R 0.868  0.057 -0.188 -0.064 0.028 -0.039 0.284 0.243  0.354
P-value  0.000 0.671  0.53  0.630 0.836 0.767 0.029 0.064  0.006

WHR R 0127  0.048  0.038 -0.019 0.088 -0.038 0.073 -0.075 -0.080
Pvalue  0.338 0716 0775 0.889 0510 0775 0.584 0573  0.549

WHtR R 1.000 0109 -0.179 -0.060 0148 -0.049 0.346 0.158  0.283
P-value 0.413 0175 0653 0.264 0713 0.007 0231  0.030

SBP R 0109 1000  0.692 -0.086 0.053 -0.049 -0.013 -0.015  0.180
(mmHg)  p alwe  0.413 0.000 0519 0.691 071 0923 0910 0172
DBP R -0.179  0.692  1.000  -0.139 -0.007 0.15 0.032 -0.007  0.068
(mmHEg)  p ale 0075 0.000 0.294 0960 0.385 0.808 0.959  0.607
FBG R -0.060 -0.086 -0.139 1000 0.736 -0.055 -0.145 -0.136 -0.046
(mg/dL) b ae 0653 0519  0.204 0.000 0.678 0272 0.303  0.730
AIC% R 0.48  0.053 -0.007 0.736 1.000 -0.062 -0.087 -0.023  0.064
Pvalue  0.264  0.691  0.960  0.000 0.642 0515 0.864  0.629

TG R -0.049 -0.049 0.15 -0.055 -0.062 1.000 0.865 0.104 -0.335
(mg/dL)  pae 0713 0711 0.385  0.678  0.642 0.000 0.431  0.009
LAP R 0.346 -0.013 0.032 -0.145 -0.087 0.865 1000 0134  -0.224
Pvalue  0.007 0.923  0.808 0272 0515 0.000 0.311  0.088

232 https://doi.org/10.46389/rjd-2020-1034 © 2020 The Authors
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LDL-C R
mg/dL. P-value
HDL-C R
(mg/dL)

P-value
TC R
(mg/dL) P-value
Non- R
HDLC ' p alue
(mg/dL)
Non- R
ggi:g/ P-value
ratio
VAI R

P-value
TC/ R
LG P-value
LDL-C/ R
HDL-C b alue
TG/ R
II:Ia]:iL(;C P-value
AIP R

P-value
RDW- R
S P-value
PLT count R
EAAE) P-value
Monocytes R
% P-value

© 2020 The Authors

WHtR

0.158
0.231
0.283

0.030
0.086
0.518
0.057
0.668

-0.153
0.246

-0.041
0.760
-0.151
0.252
-0.177
0.180
-0.168
0.203

-0.168
0.203
0.248
0.058
-0.092
0.490
-0.173
0.191

SBP DBP
(mmHg) (mmHg)
-0.015 -0.007
0.910 0.959
0.180  0.068
0.172  0.607
-0.036  -0.001
0.785 0.991
-0.058 -0.012
0.660 0.927
-0.191  -0.041
0.148 0.759
-0.130 0.019
0.326  0.885
-0.190  -0.041
0.149 0.759
-0.189 -0.020
0.151 0.880
-0.111 0.063
0.404  0.637
-0.111 0.063
0.404 0.637
-0.051 -0.173
0.700  0.189
0.116  0.025
0.380  0.851
-0.277 -0.264
0.034 0.043

FBG (mg/
dL)

-0.136
0.303
-0.046

0.730
-0.044
0.740
-0.124
0.348

-0.040
0.762

-0.093
0.482
-0.039
0.770
-0.020
0.879
-0.061
0.646

-0.061
0.646
-0.045
0.734
-0.110
0.406
0.084
0.527

AlIC %

-0.023
0.864
0.064

0.629
-0.001
0.991
-0.099
0.456

-0.105
0.427

-0.126
0.340
-0.105
0.430
-0.037
0.779
-0.107
0.420

-0.107
0.420
0.019
0.886
-0.164
0.214

-0.042
0.751

TG (mg/
dL)

0.104
0.431
-0.335

0.009
0.312
0.016
0.426
0.001

0.647
0.000

0.897
0.000
0.649
0.000
0.475
0.000
0.886
0.000

0.886

0.000
-0.041
0.756
-0.059
0.655

-0.111
0.403

LAP

0.134
0.311
-0.224

0.088
0.300
0.021
0.401
0.002

0.506
0.000

0.803
0.000
0.508
0.000
0.343
0.008
0.723
0.000

0.723
0.000
0.107
0.418
-0.089
0.504
-0.195
0.138
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LDL-C HDL
(mg/dL) (mg/dL)
1.000 0.424

0.001
0.424  1.000
0.001
0.842  0.453
0.000 0.000
0.846 0.197
0.000 0.135
0.268  -0.657
0.040 0.000
-0.007 -0.607
0.960  0.000
0.267  -0.658
0.041 0.000
0.449 -0.548
0.000 0.000
—0.061 -0.686
0.645  0.000
-0.061 -0.686
0.645 0.000
-0.091 0.073
0.492  0.584
0.276  0.321
0.035  0.013
-0.119 -0.201
0.368 0.126
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Age R

(years) P-value

Weight R
(kg)

Height R
(cm)

P-value

P-value
WC (cm)R
P-value
HC (cm) R
P-value
CI R
P-value
BMI R

(kg/m?) P-value

BAI R
P-value

TG R

(mg/dL) P-value

LAP R
P-value

LDL-C R
R P-value
HDL-C R
(mg/dL) P-value
TC R
(mg/dL) P-value
Non- R
HDL-C
(mg/dL)

Non R
HDL-C/
HDL-C
ratio

VAI R

P-value

P-value

P-value

TC/ R
L ImE P-value
LDL-C/ R

SlLeE P-value
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TC

(mg/dL) (mg/dL)

0.074
0.575
-0.201
0.126
-0.325
0.012
-0.099
0.458
-0.078
0.559
-0.013
0.919
-0.005
0.972
0.177
0.180
0.312
0.016
0.300
0.021
0.842
0.000
0.453
0.000
1.000

0.930
0.000

0.259
0.048

0.084
0.526
0.258
0.049
0.289
0.027

Non-HDL HDL-C/

0.109
0.413
-0.195
0.139
-0.317
0.014
-0.133
0.316
-0.131
0.321
-0.069
0.601
-0.011
0.935
0.148
0.263
0.426
0.001
0.401
0.002
0.846
0.000
0.197
0.135
0.930
0.000
1.000

0.524
0.000

0.296
0.023
0.523
0.000
0.540
0.000

Non-
HpL-c VA
ratio
0.062 0.008
0.639 0.952
-0.013 0.027
0.925 0.840
0.103 0.092
0.440 0.490
-0.153 -0.032
0.246 0.811
-0.208 -0.022
0.114 0.868
-0.161 0.000
0.223 0.998
-0.131 -0.071
0.323 0.591
-0.147 -0.058
0.265 0.660
0.647 0.897
0.000 0.000
0.506 0.803
0.000 0.000
0.268 -0.007
0.040 0.960
-0.657 -0.607
0.000 0.000
0.259 0.084
0.048 0.526
0.524 0.296
0.000 0.023
1.000 0.779
0.000
0.779 1.000
0.000
1.000 0.781
0.000 0.000
0.929 0.630
0.000 0.000

TC/
HDL-C
ratio

0.065
0.627
-0.016
0.905
0.099
0.454
-0.153
0.246
-0.208
0.114
-0.159
0.229
-0.132
0.320
-0.145
0.272
0.649
0.000
0.508
0.000
0.267
0.041
-0.658
0.000
0.258
0.049
0.523
0.000

1.000
0.000

0.781
0.000
1.000

0.929
0.000
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LDL-C/
HDL-C
ratio

0.122
0.359
-0.070
0.597
0.099
0.457
-0.171
0.195
-0.223
0.089
-0.109
0.410
-0.189
0.151
-0.160
0.226
0.475
0.000
0.343
0.008
0.449
0.000
-0.548
0.000
0.289
0.027
0.540
0.000

0.929
0.000

0.630
0.000
0.929
0.000
1.000

TG/
HDL-C

-0.043
0.746
0.073
0.581
0.224
0.089

-0.103
0.439

-0.102
0.441

-0.123
0.354

-0.123
0.352

-0.186
0.159
0.886
0.000
0.723
0.000

-0.061
0.645

-0.686
0.000
0.039
0.772
0.259
0.047

0.823
0.000

0.963
0.000
0.824
0.000
0.660
0.000

ap ROV
-0.043 -0.031
0.746 0.817
0.073 0.276
0.581 0.034
0.224 -0.122
0.089 0.355
-0.103 0.249
0.439 0.058
-0.102 0.370
0.441 0.004
-0.123 -0.139
0.354 0.293
-0.123 0.424
0.352 0.001
-0.186 0.319
0.159 0.014
0.886 -0.041
0.000 0.756
0.723 0.107
0.000 0.418
-0.061 -0.091
0.645 0.492
-0.686 0.073
0.000 0.584
0.039 -0.058
0.772 0.665
0.259 -0.063
0.047 0.638
0.823 -0.088
0.000 0.507
0.963 -0.013
0.000 0.922
0.824 -0.088
0.000 0.508
0.660 -0.151
0.000 0.253
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TC  Non-HDL Hll\;(;fc/ o Hr]l;i/ c I;I%Ll:f:C/ TG/ arp  RDW-
(mg/dL) (mg/dL) HDL-C ratio  ratio  HDLC CV%
ratio
TG/ R 0.039 0259  0.823  0.963 0.824  0.660 1000 1000  -0.061
f'lalziLo- C pvalue 0772 0047 0000 0000 0000  0.000 0.648
AIP R 0.039 0259  0.823 0.963 0.824  0.660 1000 1000  -0.061
Pvalue  0.772  0.047 0.000 0.000 0.000  0.000 0.648
RDW- R -0.058 -0.063 -0.088 -0.013 -0.088 -0.151 -0.061 -0.061  1.000
CV%  pvalue 0665 0638 0507 0922 0508 0253  0.648  0.648
PLT R 0.3290 0218 -0.123 -0.183 -0.126 -0.085 -0.189 -0.189  0.015
count , lue 0011 0097 0353 0166 0342 0521 051 0151  0.910
(x10°/L)
cgg:‘lt Moni;::ytes Neutr;/i)phlls Lympf;oocytes MLR  NLR PLR (ngfg[,) : :;}{n'l;}‘)
HC (cm) R 0.068  -0.194 0.052 -0.011  -0.150 0.042 0.055 0.266  0.123
P-value  0.607  0.140 0.694 0.935 0.255 0.751 0.678 0.042  0.354
FBG R -0.110  0.084 0.005 -0.035 0.059 0.026 0.007 -0.376  0.062
(mg/dL) P-value  0.406  0.527 0.968 0.793 0.657 0.843 0.958 0.003  0.639
AIC % R -0.164  -0.042 0.083 -0.129 0.005 0.123 0.002 -0.317  0.136
P-value  0.214 0.751 0.530 0.330 0.969 0.353 0.98 0.014  0.303
T R -0.059  -0.111 0.153 -0.151  -0.003 0.173 0.090 0.118  0.303
(mg/dL) Pvalue  0.655  0.403 0.247 0.253 0.979 0190 0.499 0.372  0.020
LAP R -0.089  -0.195 0.083 -0.052  -0.127 0.086 0.007 0.250  0.323
Pvalue  0.504  0.138 0.532 0.693 0.336 0.518 0.961 0.057  0.013
LDL-C R 0.276  -0.119 -0.197 0.183 -0.235 -0.187 -0.022 0.078  -0.083
et P-value 0.035  0.368 0.135 0.165 0.073 0.57 0.867 0.558  0.531
HDL-C R 0.321  -0.201 0.163 -0.128  -0.069 0.134 0.240 0.138  -0.087
(mg/dL) Pvalue 0013  0.126 0.216 0.336 0.601 0.313 0.067 0.298  0.510
TC R 0320  -0.124 -0.079 0.066 -0.170 -0.072 0.082 0.128  -0.0ll
(mg/dL) Pvalue 0.0l  0.348 0.551 0.618 0197 0.585 0.539 0.336  0.933
VAI R -0.183  -0.051 0.045 -0.034  -0.033 0.063 -0.043 0.068  0.286
Pvalue  0.166  0.701 0.737 0.798 0.805 0.634 0.748 0.608  0.028
TG/HDL-C R -0.189  -0.014 0.040 ~0.054  -0.002 0.071 -0.042 0.056  0.275
gatie P-value  0.151 0.918 0.763 0.686 0.987 0.595 0.750 0.674  0.035
AIP R -0.189  -0.014 0.040 -0.054  -0.002 0.071 -0.042 0.056  0.275
Pvalue  0.151 0.918 0.763 0.686 0.987 0595 0.750 0.674  0.035
RDW-CV% R 0.015  -0.096 0.167 -0.139 0.046 0152 0.225 0160 -0.034
Pvalue 0910  0.469 0.207 0.295 0.731 0.250 0.087 0.227  0.801
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PLT count R
bdmi) P-value
Monocytes R
% P-value
Neutrophils %R
P-value
Lymphocytes R
% P-value
MLR R
P-value
NLR R
P-value
PLR R

P-value

PLT Monocytes Neutrophils Lymphocytes

count

1.000

0.148
0.265
0.060
0.651
-0.141
0.288
0.177
0.180
0.109
0.410
0.611
0.000

%
0.148
0.265
1.000

-0.273
0.037
0.037
0.783
0.704
0.000
-0.121
0.360
0.067
0.616

%
0.060
0.651
-.273
0.037
1.000

-0.928
0.000
0.416
0.001
0.972
0.000
0.735
0.000

%
-0.141
0.288
0.037
0.783
-0.928
0.000
1.000

-0.635
0.000
-0.983
0.000
-0.824
0.000

MLR

0.177
0.180
0.704
0.000
0.416
0.001
-0.635
0.000
1.000

0.555
0.000
0.612
0.000

NLR

0.109
0.410
-0.121
0.360
0.972
0.000
-0.983
0.000
0.555
0.000
1.000

0.796
0.000

PLR

0.611
0.000
0.067
0.616
0.735
0.000
-0.824
0.000
0.612
0.000
0.796
0.000
1.000

OCN SIRT1
(ng/mL) (ng/mL)
0.048 -0.314
0.721 0.015
-0.359 -0.204
0.005 0.120
0.077 0.080
0.562 0.544
0.012 -0.036
0.930 0.787
-0.309 -0.131
0.017 0.323
0.039 0.068
0.772 0.608
-0.063 -0.095
0.635 0.473

Spearman’s correlation coefficient (R) was used, R=0.1-.0.29 small relationship, R=0.3-0.49 moderate relationship, R>0.5
high relationship. WC (cm), HC (cm), BMI (Kg/m?), Alc (%), TG (mg/dL), LDL-C (mg/dL), HDL-C (mg/dL), MPV (fL), RDW-
CV (%), OCN (ng/mL), SIRT1 (ng/mL). WC: waist circumference, HC: hip circumference, WHR: waist-to-hip ratio, WHtR:
waist-to-height ratio, CI: conicity index, BAI : body adiposity index, Alc: glycated hemoglobin A1C, TG: triglyceride, LDL-C:
low density lipoprotein-cholesterol, HDL-C: high density lipoprotein-cholesterol, RDW: red cell distribution width, MPV:
mean platelet volume, MLR: monocyte-to-lymphocyte ratio, NLR: neutrophil-to-lymphocyte ratio, PLR: platelet-to-
lymphocyte ratio, AIP: atherogenicity index of plasma, TC/HDL-C: total cholesterol-to-high density lipoprotein cholesterol
ratio, LDL-C/HDL-C: low density lipoprotein cholesterol-to-high density lipoprotein cholesterol ratio.
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Abstract

The goal of the study is to explore the changes of vitamin D, hormonal indices, fat, and carbohydrate metabolism in the
blood of women with polycystic ovary syndrome (PCOS), as well as to define the appropriateness of prescribing cholecal-
ciferol in the complex treatment of this pathology. To achieve this goal, we have examined 80 women, aged 1835 years, with
PCOS and underlying overweight and obesity, who were divided into four phenotype groups, according to the consensus of the
PCOS Workshop Group in Amsterdam (2011). All women underwent a general medical examination, having measured their
anthropometric parameters, body mass index (BMI) and clinical manifestations of hyperandrogenemia. Their serum was checked
for the content of 25-hydroxyvitamin D (25(0OH)D) , LH, FSH, progesterone, estradiol, androstenedione, dehydroepiandrosterone
sulfate, 17-hydroxyprogesterone, anti-Miillerian hormone, insulin, and leptin. The study results found a decrease in vitamin
D in the blood of women with PCOS in all clinical phenotypes, which lowered with the progression of obesity. Cholecalciferol
deficiency was associated with insulin resistance, hyperinsulinemia and hyperleptinemia. The correlation between the vitamin
D content and hormonal indices in women with PCOS showed an inverse correlation between 25(0OH)D and AMH levels, positive
between insulin and 25(0H)D, and negative between vitamin D level and hirsutism score. Prescription of vitamin D in the
complex treatment of women with PCOS leads to stabilization of hormones, decrease of HA signs, normalization of the menstrual
cycle and restored ovulation.

Keywords: Hyperandrogenism, Insulin resistance, Obesity,Polycystic ovarian syndrome, Vitamin D deficiency.

Background and Aims

For many years polycystic ovary
syndrome (PCOS) has been one of the most
important medical and social issues since it
is a significant component in the structure of
diseases that cause female infertility. PCOS
causes more than half of all cases of endocrine
infertility (5075%) and approximately 2022% of
cases of infertility in general [1]. However, the
impact of PCOS is not limited to infertility only.
Today, the syndrome catches the attention not
only as causing the pathology of the reproductive
system but also by impairing the functioning of
almost all organs and systems of the body. The
metabolic components of the syndrome increase
the risk of diabetes mellitus type 2 (DMTII)

ten times, cardiovascular pathology, as well as
cancer, seven times, which, of course, affects
not only the quality but also the life expectancy
of a woman [2, 3]. Thus, in the final report of the
US National Institutes of Health on PCOS, this
pathology was identified as one of the priorities
in maintaining the health and quality of life of
women, requiring interdisciplinary research to
study the mechanisms of ovarian, hypothalamic-
pituitary-adrenal, and metabolic dysfunction,
defining the prevalence of PCOS phenotypes and
their contribution to the risk of cardiovascular
pathology, DMTII,and cancer [4, 5, 6].

PCOS is diagnosed in 36% of women
of fertile age [7, 8]. The frequency of PCOS
diagnostics is quite variable due to its
heterogeneous, clinical, and endocrinological

© 2020 The Authors. Romanian Journal of Diabetes, Nutrition and Metabolic Diseases published by Sanatatea Press
Group on behalf of the Romanian Society of Diabetes Nutrition and Metabolic Diseases. This is an open access article
under the terms of the Creative Commons Attribution License (CC-BY-NC-ND 3.0).
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manifestations. The incidence of PCOS is much
higher among women with overweight and

obesity [9].
The main clinical manifestations
of PCOS are: menstrual dysfunction with

chronic anovulation and androgen-dependent
dermatopathies that have been experienced since
adolescence; 50% of women suffer from obesity
[10, 11].

For a more detailed understanding of
the pathogenesis of the disease, clinical picture
and prognosis for reproductive and somatic
health, the phenotypes of PCOS were identified
at the third consensus of the American Society
for Reproductive Medicine (ASRM) and the
European Society of Human Reproduction and
Embryology (ESHRE)] in Amsterdam in 2011. .

The diagnosis of PCOS in women should
be confirmed at least with two of the three cri-
teria: chronic anovulation, hyperandrogenemia
(HA), the polycystic structure of ovary (20 or
more follicles with at least one ovary volume over
10 cm?® in the absence of a dominant follicle and
yellow body cyst). According to these features,
there are four phenotypes of PCOS:

I incomplete classic  phenotype:

HA (clinical and biochemical) and
chronic anovulation (H-CA);

II ovulatory form: HA and polycystic
ovaries defined by ultrasound scan-
ning (PCOm), but with ovulatory
cycles (H-PCOm);

IIT normoandrogenic form: chronic
anovulation and non-HA polycystic
ovaries (CA-PCOm);

IV complete or classic phenotype: HA,
chronic anovulation and polycystic
ovaries (H-CA-PCOm) [12-15].

For a long time, medical care for PCOS
patients aimed at restoring women’s menstrual
and fertile function. The purpose of the
treatment was to restore the ovulatory menstrual
cycle and fertility, eliminate the manifestations of
androgen-dependent dermopathy, and normalize
body weight [16, 17]. However, according to some
authors, the treatment approach for such women
should be determined by the mechanisms of
disease development. Today, priority is given to
the complex treatment of women with PCOS,
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taking into account their age, hormonal state,
fertility, and there is a focus on the diagnostics
and correction of metabolic disorders that impair
the quality and life expectancy of patients [18-20].

In the last decade, modern science
has been enriched by new data regarding the
biological role of vitamin D, which suggested
reviewing the importance of this vitamin in
the body. There is increasing information on
the role of vitamin D in the pathogenesis of not
only the pathology of the bone system, but also
obesity, DMTII, dyslipidemia, and disorders
of the reproductive system [21]. Currently,
there is evidence that low levels of vitamin D
are associated with obesity and, conversely,
deficiency of this nutrient may predict the
excessive adipose tissue. Some examinations have
found an inverse correlation between 25(OH)
D content and IR in women with PCOS. There
is an opinion that high levels of this vitamin
are associated with a high ovarian reserve, and
hypovitaminosis D may be one of the factors that
lead to premature ovarian depletion [22-26].

Vitamin D, which enters the body with
food and is also produced by insolation, is
biologically inert. In order to activate it, it is
necessary to undergo two stages of hydroxylation.
In the liver, it is converted to 25(0H) D,
cholecalciferol, - its most common form. Level
25(0OH) D indicates the content of this nutrient
in the blood. Under the action of the enzyme
1-a-hydroxylase in the kidneys 25(0OH) D produces
its active metabolite (1,25 (OH) 2D3, calcitriol,)
through which the vitamin makes its clinical
effect on the body. Thus, vitamin D can act both
directly - through specific VDR receptors, and
indirectly - stimulating the synthesis of steroid
hormones (estrogen, progesterone, testosterone).
These receptors are present in women’s ovaries,
endometrium, fallopian tubes, as well as in the
decidual membrane [27, 28].

Nowadays there are strong proofs showing
the role of vitamin D in the pathogenesis of PCOS.
Some researchers have diagnosed the inverse
correlation between anti-Mullerian hormone
(AMH) levels in the blood and vitamin D in women
with PCOS. Other scientists have proved that
vitamin D deficiency causes a decrease in the
content of sex-binding globulin (SHBG), which in

© 2020 The Authors



its turn leads to the development of HA, as well
as to the increased synthesis of insulin and, as a
result, hyperinsulinemia and insulin resistance
(IR). A number of publications have demonstrated
a correlation between vitamin D hypovitaminosis
and testosterone and dehydroepiandrosterone
sulfate (DHEA-S) levels. In vitro studies have
shown that insufficiency of vitamin D in the body
is accompanied by impaired follicle maturation,
cyst formation, absence of yellow bodies, and
stromal sclerosis [28, 30]. However, there is not
enough data to fully understand the mechanisms
through which vitamin D influences PCOS and
how appropriate it is to use this nutrient in
complex therapy of PCOS.

The Goal of the Study

To explore the role of vitamin D for effec-
tive treatment of women with PCOS depending
on the phenotype.

Materials and Methods

To achieve this goal, we examined
80 women, aged 1835 years, with PCOS and
underlying overweight and obesity (experimental
group) and 20 women of same age in good physical
and gynaecological health (control group). The
studies were performed at the Department of
Endocrinology, LNMU by Danylo Halytskyi and
Intersono Clinic in Lviv (Ukraine). Diagnostics
of PCOS was performed according to Rotterdam
requirements. Exceptional cases were women
with severe endocrine and somatic pathology and
conditions that were contraindications to COCs.

All women underwent a general medical
examination, having measured their anthropo-
metric parameters, body mass index (BMI) and
clinical manifestations of HA (hirsutism score
(HS) by Ferriman-Gallwey scale). Pelvic ultra-
sound was performed by Siemens ultrasound
machine (Germany) and laboratory tests were
taken at the Intersono Medical Center. The
levels of LH, FSH, progesterone (Ps), estradiol
(Es), androstenedione (A), dehydroepiandroste-
rone sulfate (DHEA-s), 17-hydroxyprogesterone

© 2020 The Authors
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(17-OHP), anti-Mullerian hormone (AMH),
insulin, leptin were measured with ECLIA
method - electrochemiluminescent immunoas-
say (using automatic analyzers and reagents of
Roche Diagnostics (Germany)) and enzyme-im-
munoassay (using standard kits of Immunotech
(Czech Republic)) on 3rd5th days of the menstrual
cycle. The index of free testosterone (FAI) was
calculated by the formula: FAI = TT/SHBG x 100.
The content of 25(0H)D in serum was measured
by chemiluminescent immunoassay using LIAI-
SON analyzer and LIAISON 250H TOTAL Kkits
(DiaSorin Inc., USA). Vitamin D deficiency was
diagnosed at the level of 25(0OH) D at <20 ng/mL,
deficiency at concentration of 25(0OH) D at 2030
ng/mL, adequate levels -> 30 ng/mL. The insu-
lin resistance index (IR) was calculated by the
NOMA-IR formula: fasting glucose (mmol/L) x
fasting insulin (mcU/mL)/22.5.

All women were divided into four
phenotype groups, according to the consensus
of the PCOS Workshop Group in Amsterdam
(2011). Group 1 included 20 women with HA
and polycystic ovaries (ovulating); Group 2: 19
women with HA and chronic anovulation (no
multifollicular ovaries); Group 3: 23 women
with polycystic ovaries and anovulation (no
signs of HA); Group 4: 18 women with HA,
chronic anovulation and polycystic ovaries
(complete syndrome). In addition, all patients
in each group were further divided into two
subgroups, depending on the BMI. The Ist
subgroup included overweight women (BMI of
2529.9 kg/m?), and the 2nd group consisted of
obese patients (BMI>30 kg/m?). We have been
thoroughly studying the medical history of
patients and their lifestyles, evaluating objective
data and complaints. The treatment approach
was chosen according to the identified PCOS
phenotype and metabolic disorders. Half of the
patients of each phenotype group, at their request,
were additionally prescribed a vitamin D dose of
20004000 IU (depending on the background level
of the nutrient). The effectiveness of the therapy
was evaluated after six months of treatment.

Statistical processing of the obtained
data was performed using standard methods of
descriptive and categorical statistics and the Sta-
tistica 8.0 Certified Software Package (Statsoft
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Inc., USA). Quantitative indices were presented as
mean = standard deviation. Quantitative indicesin
groups were compared using the Mann-Whitney
U-test. The correlation between quantitative indi-
cators was studied by Spearman’s rank correlation
method. The difference was considered significant
in the case of P<0.05. Examination of patients was
carried out in accordance with the requirements
of the Declaration of Helsinki (2004).

Results of the Study and Discussion

Having analyzed the hormonal state
in women with PCOS in different phenotypic
groups, we found in their blood a significant
increase in the LH levels, a decrease in the con-
centration of FSH and insufficient content of Es
and Ps, especially in patients with chronic anovu-
lation (P<0.01); a tendency for an increase in FAI
and androgens, especially in phenotypic groups
with present HA; an increase in the AMH level, in
particular in women with PCOS (Table 1).

Analysis of leptin content in women with
PCOS defined the presence of hyperleptinemia
in all examined patients. The concentration of

leptin in their blood increased proportionally to
the increase in BMI.

The dynamics of leptin concentration
was accompanied by similar changes in insu-
lin content and NOMA-IR scores, in particular,
higher insulinemia and NOMA-IR were diag-
nosed in the PCOS group of women with verified
obesity, which increased with the degree of obe-
sity; this allows to consider the excess body mass
as an adverse factor provoking the development
of hyperinsulinemia and progression of IR in this
nosology (Table 2).

When analyzing the levels of 25(0H) D
in the serum of the examined women, we have
noted a tendency for a decrease in average vitamin
D concentrations in patients of all PCOS pheno-
type groups compared to control groups. In most
patients, vitamin D content did not correspond to
its normal level (21.8% and 36.1% in groups1and 2,
respectively). Both insufficiency and deficiency of
cholecalciferol varied significantly among PCOS
patients as opposed to healthy women. Their
cholecalciferol deficiency increased with the
development of obesity (Table 3).

Analysis of metabolic examinations

has shown that IR was combined with

Table 1: Hormonal state in women with PCOS depending on phenotype.

Experimental group (PCOS)

Index Control group (n=80)
(n=20) Groupl Group 2 Group 3 Group 4
(n=20) (n=19) (n=23) (n=18)
LH, mIU/mL 7,3+3,5 13,3+3,5* 15,6+2,7* 16,3+2,5* 18,3+3,2*
FSH, mIU/L 5,4+2,1 5,1+1,1 4,3+0,28* 4,2+0,32* 3,8%+0,41*
Es, pmol/L 163,0+11,8 157,1+11,3 97,1+14,2* 78,1+8,6* 77,4+12,3*
Ps, nmol/L 1,43 +1,22 1,12+0,13 0,58+0,14* 0,61+0,13* 0,62+0,13*
SHBG, nmol/L 94,6+10,2 35,4+8,3* 43,4+7,1* 85,4+9,3 35,4+8,3*
fT, nmol/L 1,6+0,1 4,6+0,4* 6,6+0,2* 1,8+0,4 4,6+0,4*
FAI, nmol/L 60 +20,1 13 +2,1* 12 +0,7* 30+10,1 10 +1,8*
17-OHP, ng/mL 0,72+0,11 0,71+0,13 0,81+0,77 0,68+0,77 0,71+0,77
A, nmol/L 3,8+0,22 15,6+1,14* 17,8+1,22* 4,6+0,33 16,8+1,44*
DHEA, mcg/mL 176,4+11,7 484,6+26,3* 574,6+28,2* 184,6+14,3 684,6+28,1*
AMH, ng/mL 3,8+0,3 41+1,2 6,1+0,3* 10,1+1,1* 11,1+0,8*
HS 6+1,2 13+0,4* 13+1,2* 8+0,8 14+1,3*
(hirsutism score)
Note. * - the significance compared to the control group, P<0.01.
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Table 2: Indices of leptin, insulin, and HOMA-IR in the serum of women with PCOS depending on the

phenotype.
Experimental group (PCOS)
(n=80)
Control
Index group I 11 111 IV
(n=20) n =20 n=19 n=23 n=18
1 2 1 2 1 2 1 2
HOMA- 1,77+0,11 2,71+0,1 4,32+1,1* 2,43+1,23 4,43+1,23* 2,52+2,45 3,52+2,45* 3,12+3,44 6,12+3,44*
IR
Insulin 8+2,32 11:0,21 22+0,21* 14+2,41 24+2 41* 13+3,21 28+3,21* 16+3,34  34+3,34*
mlIU/
mL
Leptin, g5, 12 741612 86:612* 77:51  82:01 402 gajgqr  T6*TZ ggig3 e
ng/mL
Note. * - the significance compared to the control group, p<0,01.
Table 3: Vitamin D level in the serum of women with PCOS.
Group Deficiency % Insufficiency % Optimal level %
Group1 36,3 48,4 15,3
(women
with PCOS) Subgroup 1 Subgroup 2 Subgroup 1 Subgroup 2 Subgroup 1 Subgroup 2
(BMI 2529,9) (BMI>30) (BMI 2529,9) (BMI>30) (BMI 2529,9) (BMI>30)
11,2 25,1 14,7 33,7 9,2 6,1
Group 2 13,5 31,9 54,6
(healthy
— Subgroup 1 Subgroup 2 Subgroup 1 Subgroup 2 Subgroup 1 Subgroup 2
(BMI 2529,9) (BMI>30) (BMI 2529,9) (BMI>30) (BMI 2529,9) (BMI>30)
6,2 7,3 14,3 17,6 22,5 32,1

hyperleptinemia, compensatory HI and vitamin
D hypovitaminosis in women with obesity in all
clinical PCOS phenotypes, which is also similar
to the results of other scientists [31,32,33,34].

In the correlation analysis of vitamin D
content and hormonal indices in women with
PCOS, we have established an inverse correlation
between levels 25(0H) D and AMH, especially in
patients with polycystic ovaries; found a positive
correlation between FAI and 25(0OH) D levels in
the blood plasma, as well as a negative correlation
between vitamin D levels and hirsutism score,
especially in the subgroup of patients experienc-
ing HA, which also coincides with the results of
studies of other researchers (Table 4) [35,36].

Table 2a and Table 3a: M - mean of index
in the group; § — mean squared deviation; r (X,Y)

© 2020 The Authors

— correlation coefficient; p — the probability of a
correlation coefficient error.

Therefore, a decrease in vitamin D is asso-
ciated with an increase in BMI, an increase in free
testosterone level, luteal phase defect (a decrease
in progesterone), ovulatory dysfunction and IR
progression. Our study confirms the role of vita-
min D in the pathogenesis of PCOS, according to
which hypovitaminosis D can be considered as
one of the factors causing impaired reproductive
function in women, which has been proven by
other authors [37,38].

The subtle pathogenetic mechanisms
underlying the correlation between
cholecalciferol deficiency and insulin resistance
and HI are still not fully understood, in
particular, it is unclear whether vitamin D
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Table 4: Correlation of anthropometric and hormonal indices with vitamin D content in women with PCOS.

Index M A

ng/mL 110,4 34,3
BMI, kg/m> 33,11 5,16
WC (Waist circumference), cm 107,23 10,60
DHEA-s, ng/L 3,27 1,22
Insulin, meIU/mL 29,41 10,24
AMH, ng/mL 6,64 2,5
LH, mIU/mL 13,12 4,11
FSH, mIU/mL 6,87 3,64
Testosterone, total, ng/mL 2,72 0,51
Estradiol, pg/mL 0,64 0,24
Progesterone, ng/mL 4,73 1,53
SHBG, pg/mL 76,91 46,16
Androstendione, ng/mL 12,68 6,23
Testosterone, free, pg/ml 7,41 1,52
HS (hirsutism score) 11,24 2,45

r(X,Y)

0,751
0,572
0,241
0,762
0,116
0,212
-0,171
0,221
0,251
0,117
0,074
0,010
0,078
0,582

p

0,001
0,001
0,322
0,001
0,124
0,220
0,325
0,483
0,532
0,002
0,630
0,953
0,037
0,044

deficiency is a result of obesity or whether obesity = forming hormonal imbalances in women with
is a consequence of vitamin D insufficiency. On  hyperandrogenic status.
the other hand, obesity can initiate a decrease in Table 5 presents the changes in the hor-
circulating 25(0OH) D levels due to the absorption = monal state of women with PCOS after treatment

of cholecalciferol by adipose tissue. A decrease with vitamin D.
in vitamin D can be considered a trigger

Table 5: Hormonal state of women with PCOS after treatment with vitamin D.

Experimental group (PCOS)

Control group (n=80)
Index =20
(n=20) Groupl Group 2 Group 3 Group 4
(n=20) (n=19) (n=23) (n=18)
LH, mIU/mL 8,1+2.5 9,3+3,2" 10,6+2,5 8,3+2,6 11,3+2,2°
FSH, mIU/L 5,4+2.1 5,3+1,1 6,3+0,28 4,9+0,32 4,8+0,41
Es, pmol/L 173,0+12,8 165,1+10,3 117,1+11,2° 98,1+8,2" 97,4+10,3"
Ps, nmol/L 1,53 1,22 1,32+0,13 1,28+0,13" 0,99+0,12" 1,12+0,11"
SHBG, nmol/L 94,6+10,2 55,4+8,3" 53,4+7,1° 85,4+9,3 55,4+8,3"
TT, nmol/L 1,6+0,1 2,6+0,4" 4,2+0,2 1,7+0,4 3,6+0,4"
FAI, nmol/L 58 +18,1 33 12,1 22 6,7 42 +10,1 10 +1,8"
A, nmol/L 3,8+0,22 15,6+1,14" 17,8+1,22" 4,6+0,33 16,8+1,44"
DHEA, mcg/mL 176,4+11,7 484,6+26,3" 574,6+28,2" 184,6+14,3 684,6+28,1°
AMH, ng/mL 3,8+0,3 4,1+1,2 6,1+0,3" 10,1+1,1° 11,1+0,8°
HS 5 5 5
. . 6+1,2 13+0,4 13+1,2 8+0,8 14+1,3
(hirsutism score)
Note. "-the significance compared to the control group, p<0,01.
242 https://doi.org/10.46389/rjd-2020-1035 © 2020 The Authors



Results of treatment with vitamin D
demonstrated a decrease in the free testosterone
index, a significant decrease in hirsutism score,
an increase in blood progesterone concentration
(in the luteal phase), and an increase in the num-
ber of ovulations in women with PCOS.

The findings of the study indicate a defi-
ciency of vitamin D in patients with PCOS, cor-
respond to global science data and show the need
for more research to examine the role of chole-
calciferol in ovarian dysfunction. Today, there
is much evidence stating that a violation of the
D-vitamin content in a woman’s body leads to
disruption of the ovarian menstrual cycle, takes
part in the development of PCOS and prema-
ture ovarian depletion. This recommends defin-
ing the level of 25(0H) D in blood plasma for the
timely detection and correction of hypovitamin-
osis in women with the specified pathology.

Conclusions

Women with PCOS (regardless of specific
phenotype) are diagnosed with a decrease in (25
(OH) D), insufficiency of which is exacerbated
as obesity progresses. The study found out the
correlation between vitamin D content in the
blood and the degree of obesity, HI and IR in
women with PCOS. Prescription of vitamin
D in the complex treatment of women with
PCOS leads to normalization of hormonal state,
reduction of HA signs, normalization of the
menstrual cycle, and restored ovulation.
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Abstract

Introduction: Metabolic syndrome (MetS) is one of the critical health concerns. The relationship between low total testosterone
and MetS was reported in some studies. However, the association independent of other related components is not fully known.
This study was performed to evaluate the prevalence rates of MetS among older men with and without hypogonadism and the
related association. Material and Methods: This cross-sectional study was conducted on 800 male subjects aged 60 years and
older. Anthropometric indices, blood pressure, total serum testosterone, and serum lipid profile were determined. The Iranian
National Committee of Obesity criteria were used to define metabolic syndrome. Results: The mean total testosterone in the
MetS group was significantly lower compared to the non-MetS group. Total testosterone showed significant inverse associations
with triglycerides and waist circumference. The crude odds ratio for MetS between the low and high total testosterone groups
was 1.43, which remained statistically significant after adjustments, while total testosterone levels showed no significant associa-
tion with MetS after adjusting by BMI. Conclusion: Testosterone is negatively and independently associated with MetS regarding
age, smoking status and alcohol intake in Iranian men. Therefore, the early diagnosis and treatment of hypogonadism should be

considered in MetS prevention.

Keywords: Metabolic syndrome, testosterone, aged.

Introduction

Metabolic syndrome (MetS), as a cluster
of medical conditions, is one of the most import-
ant health concerns and includes obesity, high
blood pressure, high fasting plasma glucose and
serum triglyceride, and low high-density lipo-
protein (HDL) levels [1]. In the last decade, the
prevalence of MetS is increasing in the world,
varying between races and populations [2]. The
prevalence of MetS in the United States of Amer-
ica, Asian Pacific, and East and Southeast Asia is
increased, reaching a value of around 25% (3, 4].
Iran, as an Asian country, is not an exception. The

results of two meta-analysis studies have shown a
higher prevalence of MetS in males (about 26%)
[5, 6]. Although only a partial mechanism of the
MetS pathway is known, it is clear that food hab-
its, sedentary lifestyle, stress, and other environ-
mental factors have crucial roles [7].
Furthermore, the inverse relationship
between total testosterone (TT) and sex hor-
mone-binding globulin (SHBG) levels with MetS
has been illustrated [8]. Therefore, low sex hor-
mone levels (total testosterone and SHBG) may
be a risk factor for MetS, just like increased insu-
lin resistance and adipose tissue [9, 10]. Hence,
a low testosterone level is one of the possible

© 2020 The Authors. Romanian Journal of Diabetes, Nutrition and Metabolic Diseases published by Sanatatea Press
Group on behalf of the Romanian Society of Diabetes Nutrition and Metabolic Diseases. This is an open access article
under the terms of the Creative Commons Attribution License (CC-BY-NC-ND 3.0).
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risk factors for MetS. It is not clear whether the
relationship of low TT to MetS is independent
of BMI and waist circumference or not [11, 12].
Besides, the relationship between testosterone
components and MetS is known clearly. Although
the free testosterone level has an inconsistent
relationship with some MetS components, SHBG
has demonstrated a constant inverse relation-
ship [13]. Therefore, in this study, we measured
serum total testosterone (TT) and evaluated sev-
eral metabolic factors, such as waist circumfer-
ence, diabetes, dyslipidemia, hypertension, and
hyperglycemia, among healthy older men to clar-
ify this association. This large-scale cross-sec-
tional study aims to determine and compare the
prevalence of MetS among men with and without
hypogonadism in Amirkola, Mazandaran prov-
ince, North of Iran.

Material and Methods
Study design and patients

This cross-sectional study was a part of
the Amikola Health and Aging Project (AHAP) [14]
and was approved by the Medical Research Ethics
Committee of Babol University of Medical Sci-
ences. This study was conducted on 800 healthy
males aged 60 years old and older. Subjects were
excluded if they had malignancies or acute ill-
nesses such as liver cirrhosis, diabetes mellitus
type I and II, infection, and inflammation. Also,
men who were under testosterone replacement
therapy or taking anti-androgen and steroidal
agents were excluded. All participants signed an
informed consent form.

Laboratory, anthropometric and clinical
data collection

Weight (to the nearest 0.1 kg) and height
(to the nearest 0.1 cm) were measured following
standard procedures; waist and hip circumfer-
ence was also measured to the nearest 0.5 cm in
all participants with a non-elastic tape. Body
mass index (BMI) was calculated by dividing
the weight (kilograms) by the square of height
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(meters). Blood pressure was measured using
standardized sphygmomanometers by a trained
nurse after a 10-15 min rest in a sitting position.
Venous blood was collected in the morning in
a fasting state to detect total testosterone, fast-
ing blood sugar (FBS), total cholesterol (T-Chol),
high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), and
triglycerides (TG). Total testosterone levels were
measured using a DiaMetra kit made in Germany
by the ELISA method (ng/ml). The subjects with
a history of androgenic drug intake during the
last month were excluded from the study.

BMI 18-25 kg/m? were defined as nor-
mal, 25 -30 kg/m? and > 25 kg/m? were defined
as overweight and obese, respectively. To define
MetS, we used the Iranian National Commit-
tee of Obesity (INCO) criteria [15]. According to
INCO, metabolic syndrome involves having at
least three of the following symptoms: waist cir-
cumference >95 cm, triglyceride level >150 mg/dl
(1.7 mmol/L), HDL-C <40 mg/dl (1.03 mmol/L),
blood pressure > 130/85 mmHg and fasting
plasma glucose > 100mg/dl (5.6 mmol/L); or
patients were under medical treatment [15].
According to the Clinical Practice Guidelines of
the Endocrine Society for androgen deficiency
syndromes in adult men, hypogonadism was
defined as total testosterone < 3.0 ng/mL [16, 17].
Therefore, according to total testosterone, sub-
jects were divided into two groups. Group (1):
TT > 3 as a reference group and group (2): TT < 3
as the hypogonadal group.

Statistical analysis

The values were expressed as mean *
standard deviation as a percentage for descrip-
tive statistics. Mean differences of total testos-
terone between the MetS group and reference
group were assessed using the independent sam-
ple t-test. Different MetS prevalence, according to
each group, was calculated using the chi-square
test. The relationship between total testosterone
and MetS were assessed with logistic regression
analysis after adjusting for age and BMI. Statisti-
cal significance was set at p <0.05. Statistical anal-
yses were performed with SPSS version 18.0.

© 2020 The Authors



Results

The mean age of the subjects was 69.7+7.5
years, and the prevalence of MetS, according to
the INCO criteria, was 64.9%. The average serum
total testosterone was 4.78+4.1 ng/ml. According
to the BMI, 44.3% of subjects were overweight
and 15.2% were obese. About 34.3% were current
smokers, and 4.4% were alcoholics.

Table 1 shows the general characteristics
of the study subjects. The mean total testoster-
one of the MetS group was significantly lower
than that of the non-MetS group (4.5 + 4.1 ng/ml
vs. 5.1+4.08 ng/ml; p=0.042). The mean values
of MetS components in hypogonadal men and

Rom J Diabetes Nutr Metab Dis. 2020; volume 27, issue 3

reference groups are presented in Table 1. The
average waist circumference (p=0.03), hip cir-
cumference (p=0.016), and BMI (p=0.005) were
significantly different among the two groups.
However, there was no significant difference in
age, LDL-C, HDL-C, TG, total cholesterol, FBS,
and systolic/diastolic blood pressure (BP).

The risk of metabolic syndrome was sta-
tistically significant in the crude model but also
after adjustment for age, smoking status, and
alcohol intake (model 1). However, TT showed
no significant association with MetS after adjust-
ment for BMI (model 2) (Table 2). Also, the odds
ratio of the hypogonadal group for MetS compo-
nents were assessed (Table 3). Total testosterone

Table 1: General characteristics of the subjects and mean values of MetS components in hypogonadal and

reference groups.

Characteristics Mean(SD) p-value
o Thmgm g
Age (year) 69.74 (7.59) 70.23 (8.26) 69.49 (7.23) 0.198
BMI (kg/m?) 26.06 (4.00) 26.63 (4.13) 25.78 (3.91) 0.005*
Waist circumference (cm) 95.06 (10.38) 96.19 (10.91) 94.50 (10.07) 0.031*
Hip circumference (cm) 99.86 (7.71) 100.8 (8.17) 99.39 (7.44) 0.016*
Systolic blood pressure (mmHg) 142.73(21.95) 142.21 (20.95) 142.99 (22.44) 0.636
Diastolic blood pressure (mmHg) 81.14 (12.05) 81.29 (11.91) 81.07 (12.14) 0.812
Fasting blood sugar (mg/dl) 112.97 (40.09) 112.61 (38.12) 113.14 (41.07) 0.861
Total-cholesterol (mg/dl) 188.07 (38.46) 188.76 (44.44) 187.72 (35.17) 0.723
TG (mg/dl) 148.83 (79.14) 153.38 (82.93) 146.56 (77.16) 0.254
HDL-C (mg/dl) 38.41 (4.06) 38.35(4.34) 38.43(3.92) 0.792
LDL-C (mg/dl) 122.63 (39.90) 123.02 (44.39) 122.43 (37.51) 0.846
Total testosterone (ng/ml) 4.77 (4.11)

Note: BMI: Body Mass Index; FBS: Fasting Blood Sugar; BP, Blood Pressure; * p-value less than 0.05 was

considered significant.

Table 2: Odds ratio of metabolic syndrome according to the TT level.

Grou Crude

p OR (CI)
TT=>3 (ng/ml) 1
TT <3 (ng/ml) 1.43(1.047-1.977)*

Modell Model2
OR (CI) OR (CI)
1 1

1.51(1.089-2.092)* 1.245(0.860-1.802)

Note: Model 1: adjusted for age, smoking status, alcohol intake;
Model 2: adjusted for all covariates in model 2 and BMI.

© 2020 The Authors
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Table 3: Odds ratios of metabolic syndrome components according to the TT level.

BP >130/85 (mmHg) FBS >100 (mg/dl)
(E5y OR(CI) OR (CI)
TT=>3 (ng/ml) 1 1
TT <3 (ag/ml) 0.975 1.067

(0.677-1.404)

(0.793-1.437)

WC 294 (cm) TG >150(mg/dl) HDL<40 (mg/dl)
OR(CI) OR(CI) OR(CI)
1 1 1
1.481 1.354 1.078
(1.091-2.009)*  (1.006-1.824)* (0.77-1.509)

Note: Model 1: adjusted for age, smoking status, alcohol intake;
Model 2: adjusted for all covariates in model 2 and BMI.

showed significant strong associations with
TG (OR: 1.354, p=0.04) and WC >94 (OR: 1.481,
p=0.01). Therefore, subjects with low TT levels
had a risk of higher TG and WC values compared
with the normal group.

Discussion

Different cutoff values for total testoster-
one were used to define hypogonadism. In our
study, the cutoff level of 3.0 ng/ml for total testos-
terone was used to define hypogonadism as rec-
ommended by the Clinical Practice Guidelines of
the Endocrine Society [18, 19]. This level of testos-
terone was considered enough to improve certain
parameters of sexual function in men that suffer
from hypogonadism [20]. In this regard, since
hypogonadism is not a specific MetS symptom, it
is challenging to diagnose and treat. Therefore,
it is important to combine the MetS symptoms
of androgen deficiency with low testosterone
levels to establish the diagnosis of clinical hypo-
gonadism [20]. In the present cross-sectional
study, we showed a clear significant association
of total testosterone levels with MetS indepen-
dent of age and BMI in generally healthy Iranian
men. Meanwhile, total testosterone was associ-
ated with only two components of MetS, e.g., TG
and waist circumference. Similarly, a study in
Taiwan concluded that waist circumference and
total testosterone levels are strongly associated
[21] while other studies depicted that a low level
of sex hormones have been associated with many
risk factors for MetS such as central obesity, insu-
lin resistance, diabetes, and unfavorable lipid
profile, which are prominent in men with a nor-
mal BMI and the negative relationship of lower
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levels of sex hormone and MetS is consistent with
other studies [11, 22-25]. Additionally, in the pres-
ent study, the mean value of BMI in the hypogo-
nadal group was significantly greater than the
reference group. TT level was lower in men with
MetS compared with men without MetS and
both type 2 diabetes and MetS independently
predicted low testosterone level for age and BMI.
The testosterone level decreased significantly
along with an increase in the number of MetS
components, showing a significant correlation
even after adjustment for age, BMI, and waist
circumference [26, 27]. This association between
BMI and low testosterone was reported in several
studies [23, 28, 29], and low serum testosterone
levels could also be considered as one of the many
adverse consequences of obesity [30, 31].

On the other hand, through the con-
version of testosterone to estradiol by the aro-
matase enzyme in obese subjects, obesity is
considered as a factor that is associated with
subnormal testosterone levels. However, we did
not measure estradiol and were unable to assess
the possible role of aromatization on these out-
comes. However, a study that included Japanese
men showed that a decrease in androgen pro-
duction and low or inappropriately normal lev-
els of luteinizing hormone in obese middle-aged
men moderately led to a decrease in testosterone
production [32]. Low sex hormones and MetS
produce a vicious circle with synergic character-
istics through bidirectional effects in which low
sex hormone levels lead to the development of
MetS, which, in turn, is associated with a further
decline in sex hormone levels [33, 34]. Therefore,
it seems that total testosterone and SHBG have
a protective role against MetS as high testoster-
one and SHBG were associated with a decrease in

© 2020 The Authors



the MetS risk, independent of body composition
[34]. Another study on middle-aged Japanese
men also reported that serum testosterone level
was significantly related to the MetS associated
conditions, included obesity and hypertension.
Compared to the highest tertile, subjects in the
lowest tertile of testosterone were approxi-
mately four times more likely to have diabetes
[28]. A linear increase in serum TGs levels was
found in men with low TT and SHBG, which
was inversely and independently associated with
TG, and positively and independently associated
with HDL [35]. Moreover, men with HDL < 0.90
and TG > 1.8 had significantly lower levels of TT
and SHBG [35]. In our study, hypogonadism was
associated significantly with hypertriglyceri-
demia, but the mean values of TG showed no sig-
nificant difference between the two groups. We
suggest that an association between low serum
TT level and hyperglycemia can cause metabolic
changes, rather than the direct effect. To the best
of our knowledge, many studies on testosterone
and MetS have been performed in Western coun-
tries, whereas relatively few studies for Asians
have been reported despite the different defini-
tions of MetS. Our study analyzed a large sample
from the Iranian population, which can support
data on the effects of sex hormones on MetS in
Iranian men. However, the present study con-
tains some limitations. First, it was a cross-sec-
tional study, which explains associations but
not causality. Second, as our data were from the
general Iranian population, it is not enough to
expand to other ethnic/racial groups. Third, we
used radioimmunoassay instead of mass spec-
trometry for total testosterone determination.
Data derived using immunoassay is technically
simple, rapid, and relatively inexpensive at the
cost of poor accuracy and sensitivity. However,
immunoassay of total testosterone is a widely
accepted method used in large studies since the
measurement of total testosterone by mass spec-
trometry is impractical. Fourth, free testoster-
one and sex hormone-binding globulin analyses
and levels of follicle-stimulating hormone (FSH)
and luteinizing hormone (LH) were not deter-
mined; thus, we were not able to classify the
type of hypogonadism, whether it is primary or
secondary.

© 2020 The Authors
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Conclusions

In conclusion, testosterone is negatively
associated with MetS independently and after
adjustment for age, smoking status, and alcohol
intake among Iranian men. Among MetS compo-
nents, TG and WC were strongly associated with
testosterone levels among elderly males regard-
less of obesity. Further studies, including clinical
trials, are needed to confirm our findings.
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Abstract

Background and Aims: Diabetic retinopathy is a major complication of diabetes mellitus (DM), which remains a leading cause of
visual loss in working-age populations. This study aimed to investigate serum levels of IL1B, IL18, and C-reactive protein (CRP) in
patients with diabetic retinopathy. Material and Methods: A total of 70 insulin-dependent patients and 60 non-insulin depen-
dent patients with diabetic retinopathy were enrolled in the study. Interleukin levels were assessed using “Vector-Best”, Ukraine
reagent kits on a STAT FAX 303 plus analyzer. The level of CRP was determined using a CRPLX set of reagents “Roche Diagnostics”,
Germany on a COBAS INTEGRA 400 plus automatic analyzer. Results: In insulin-dependent patients there were no statistically
significant differences in IL1B and IL18 levels in the control group. Serum level of IL1P in non-insulin dependent patients was
43.4% higher than in the control group, and 50.0% higher than in insulin-dependent patients. Serum level of IL18 in non-insu-
lin dependent patients was 12.3% higher than the control group and 11.4% higher than the insulin-dependent patients. Also, we
have found that the level of CRP in insulin-dependent patients increased by 24.1% in the control group. In non-insulin depen-
dent patients CRP level did not change significantly in the control group. Conclusions: The obtained results suggest that insu-
lin-dependent patients with diabetic retinopathy demonstrate predominance of acute inflammation, which is confirmed by acute
phase marker increasing, and normal levels of pro-inflammatory cytokines in blood serum. Patients with diabetic retinopathy
who do not use insulin were found to have increased serum levels of ILIB and IL18 and normal level of CRP, which suggests the
predominance of pro-inflammatory processes (mobilization and activation of cells typically involved in inflammatory process).

Keywords: Diabetic retinopathy, Inflammation, Type 2 diabetes mellitus.

Background and Aims

Diabetes mellitus (DM) is a multifac-
torial metabolic disorder, characterized by
chronic hyperglycemia leading to significant
physiological, biochemical, and histologi-
cal changes in the affected organisms [13].
For about half a century, scientists around
the world have been thoroughly engaged in
the problem of chronic hyperglycemia, but the
causes of its occurrence have not been fully

established yet. The most relevant modern the-
ory is the autoimmune inflammation in diabetes
pathogenesis [4, 5]. Pathological effects of hyper-
glycemia are seen in the form of diabetic com-
plications which are equally health-devastating
in nature as the disorder of diabetes itself [6, 7].
Despite prolonged studies of the mechanisms
behind the development of diabetic retinopa-
thy, as well as thorough investigation into the
main stages of its pathogenesis, many aspects
of this condition, including the importance

© 2020 The Authors. Romanian Journal of Diabetes, Nutrition and Metabolic Diseases published by Sanatatea Press
Group on behalf of the Romanian Society of Diabetes Nutrition and Metabolic Diseases. This is an open access article
under the terms of the Creative Commons Attribution License (CC-BY-NC-ND 3.0).
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of imbalance in pro- and anti-inflammatory
cytokines, remain the subject of ongoing scien-
tific debate.

There are data that confirmed the role of
different cytokine classes in diabetic retinopathy
[8, 9] pathogenesis. Recent studies have shown
that both interleukin 1B (IL1B) and tumor necrosis
factor alpha (TNFa) are capable of slowing down
retinal endothelial migration and capillary mor-
phogenesis [10]. Other scientific evidence sug-
gests that these interleukins may be playing an
important role in disrupting the integrity of the
gamma-retinal barrier, the occurrence of retinal
leukostasis, and activation of apoptosis in pro-
liferative diabetic retinopathy. Hyperglycemia is
viewed as a trigger and retinal endothelium as a
source of hyperexpression of IL1B, maintaining
its own increased expression by self-stimulation
of endothelial cells and macroglia [11].

IL18 is a member of the family of pro-
inflammatory cytokines that stimulate the
production of IFNy, TNFa, IL1, IL2, adhesion
molecules, and apoptosis factors as well as
increase the proliferative activity of T-lympho-
cytes and activate NK cells. IL18 is involved in cel-
lular and humoral immunity, as well as in innate
and acquired immune responses [12]. The above
effects of this cytokine allow viewing it as one of
the key factors for anti-infective and anti-tumor
protection of the body. In addition, there is evi-
dence that in some cases IL18 may act as a patho-
genetic factor in some diseases accompanied by
acute and chronic inflammation.

C-reactive protein (CRP) is a multifunc-
tional acute phase protein involved in protecting
the body from pathogens in a setting of autoim-
mune and inflammatory processes and it is quite
a well-known fact that inflammation is one of
the most crucial determining factors in the pro-
gression of various diabetic complications [6].
In autoimmune processes, the involvement of
CRP is actuated through binding to the ligand,
which provides the destruction of autoimmune
determinants with loss of antigenic properties.
Accordingly, the complement system is activated
by stimulating phagocytosis and by eliminating
toxic products. CRP is absorbed by neutrophils,
where immunoactive peptides are produced
during proteolysis in phagosomes; these peptides
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are capable of modulating various neutrophilic
and macrophageal functions. There are data
about local CRP synthesis by activated macro-
phages and endothelial cells [13].

Due to peculiar characteristics of cyto-
kinemia in type 2 diabetes (T2D), as the disease
progresses in the patients, there is a growing
number of cellular structures with high cytokine
production. The research into the role of cytoki-
nemia and the imbalance between pro- and anti-
inflammatory cytokines in severe complications
of T2D, such as diabetic retinopathy, will provide
additional laboratory criteria for assessing the
severity and the origins of this disease.

Therefore, our aim of study was to inves-
tigate serum levels of IL1B, IL18, and CRP in
patients with diabetic retinopathy.

Material and Methods

The study included a clinical and labora-
tory examination performed in 130 patients with
diabetic retinopathy (70 insulin-dependent patients
constituted Group 1, and 60 non-insulin dependent
patients constituted Group 2). The average age of
patients ranged from 2055 years. The results of lab-
oratory findings were compared with the control
group, which included 30 healthy individuals.

Inclusion criterion: All patients suffer-
ing from diabetes, irrespective of the duration of
the disease, were included in the study. The pat-
tern of diabetic retinopathy was decided on the
basis of ophthalmoscopic findings and fundus
photograph.

Exclusion criterion: Patients with media
haze obscuring visualization of fundus, and preg-
nant women were excluded from the study.

Venous blood samples were obtained
from all patients, 5 ml per sample. Blood was col-
lected in plastic tubes (BD vacutainer type) with
double coagulation activator. All study subjects
had their serum levels of IL1p and IL18 assayed.
Interleukin levels were assessed using “VEC-
TOR-BEST Ukraine” reagent kits on a STAT FAX
303 plus analyzer.

The levels of CRP were determined using
a CRPLX set of reagents by Roche Diagnostics on
a COBAS INTEGRA 400 plus automatic analyzer.

© 2020 The Authors



Statistical processing of digital data was
carried out using the software Excel (Micro-
soft, USA) and STATISTICA 8.0 (Statsoft, USA).
The pattern of the distribution of the studied
variables was assessed using the Shapiro-Wilk’s
criterion. Quantitative characteristics were rep-
resented as M + m (arithmetic mean + standard
error of arithmetic mean). Under the normal
distribution, the validity of the differences was
estimated using the Student’s t-criterion; under
the distribution different from normal, Mann-
Whitney’s non-parametric U-criterion was used.
Differences were considered statistically signifi-
cant at p<0.05.

Ethical Approval

The ethical principles contained in the
Declaration of Human Rights adopted in Hel-
sinki, in 1975, and revised in 2008, were fully
respected in our study. The subjects enrolled
voluntarily, participated in this study, and com-
pleted and signed a written informed consent.
Protocol of study was approved by the local eth-
ics committee of Danylo Halytskyi Lviv National
Medical University.

Results

In the patients of Group 1, there were
no statistically significant differences in ILI1B

Rom J Diabetes Nutr Metab Dis. 2020; volume 27, issue 3

and IL18 levels vs control group (Table 1). Serum
levels of IL1B in patients of Group 2 were 43.4%
higher than those in the control group, and 50.0%
higher than those in Group 1. Serum levels of IL18
in Group 2 were 12.3% higher than in the control
group and 11.4% higher vs Group 1.

In order to assess the level of systemic
inflammation, we tested the level of CRP, a com-
mon marker of acute inflammation; the increas-
ing CRP is a known factor in progression of
diabetic retinopathy. We have found that the lev-
els of CRP in patients with diabetic retinopathy
increased in insulin-dependent patients (Group 1)
- by 24.1% compared with the control group
(Table 1). In group 2 CRP levels were within nor-
mal range.

When calculating the CRP to IL1B ratio,
we found a 1.3-fold increase (2.4+0.04 and 1.8
+0.05, respectively) (p<0.05) in patients of Group
1 vs control group. In patients of Group 2, there
was a 1.4-fold decrease in the CRP to IL1f ratio
vs control group (1.3+0.05 and 1.8+ 0.05, respec-
tively) (p<0.05) and a 1.8-fold decrease relative
to patients of Group 1 (1.3 +0.05 and 2.4 +0.04,
respectively) (p<0.05).

Discussion

Diabetic retinopathy is a major compli-
cation of DM, which remains a leading cause of
visual loss in working-age populations [14]. Mul-
tiple metabolic pathways have been implicated

Table 1: Serum levels of interleukin 1B and interleukin 18 in patients with diabetic retinopathy.

Groups of subjects

Test parameters Control group Groupl Group 2
(n=30) (n=70) (n=60)

IL1B 1.59+0.05 1.52+0.05 2.28+0.05
pg/mL p>0.05 p<0.05
p,<0.05

1L18 365.0+5.0 368.0+5.0 410.045.0
pg/mL p>0.05 p<0.05
p,<0.05

2.95+0.1
rCan/’L 2.90+0.3 3'2%18; p>0.05
& p<0. p,<0.05

Note: p = the probability of differences compared with the control group; p, = the probability of differences

compared with the patients of Group 1.

© 2020 The Authors
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in hyperglycemia-induced vascular damage
including advanced glycation end products (AGEs)
accumulation. AGEs bind to macrophage recep-
tors, which in turn, secrete cytokines that pro-
voke the development of immune responses [4].
Expression levels of pro-inflammatory cytokines
such as TNFaq, IL6, IL8, and IL1p were correlated
with the severity of diabetic retinopathy [15, 16].

We have found that levels of IL13 and IL18
were significantly increased in patients with dia-
betic retinopathy who did not use insulin. As for
insulin-dependent patients with diabetic retinop-
athy, the levels of the investigated pro-inflamma-
tory cytokines were within normal range.

According to Mu Z.P. and co-authors, cir-
culating monocytes in diabetic patients exhibit
an excessive inflammatory response to gram-neg-
ative bacterial lipopolysaccharides, releasing a
large number of pro-inflammatory cytokines,
such asIL1B and TNFa [17]. On the other hand, the
metabolic changes that develop in hyperglycemia
can directly affect the lymphocyte immunome-
tabolism [18]. Patients with DM are found to have
impaired adhesion and cooperation of immuno-
competent cells, which results in their increased
activation, effect or functions, and migration to
the sites of inflammation in the vascular wall. The
expression of adhesive molecules in the endothe-
lium and lymphocytes is the initial stage of their
recruitment into the site of inflammation, accom-
panied by the emergence of a wide range of immu-
nological reactions, the latter being essentially
protective in nature, but causing necrotic or dys-
trophic changes secondary to their long duration
or intensity. Constant autoactivation of immu-
nocompetent cells leads to an increase in sponta-
neous production of pro-inflammatory cytokines,
which play a key role in diabetes-associated ocu-
lar damage with subsequent progression to more
severe diabetic retinopathy.

The role of IL1B in T2D pathogenesis has
been a recent topic of interest in the research
community. There are data that hyperglycemia
induces IL1B production by B-cells, leading to
apoptosis of these cells [9]. Studies report the
increase in the levels of IL1B receptor antago-
nist to be associated with the risk of developing
T2D in the population [10]. These changes can
be found more than 10 years prior to the clinical
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onset of DM [8] and are associated with insulin
resistance. Other studies have shown that
hyperproduction of the IL1B receptor antago-
nists may predict the risk of cardiovascular com-
plications [19].

The studies in recent years [20, 21] sug-
gest a positive effect of IL1 inhibition on the
clinical course of DM. The specific effects
include decreasing glucose levels and acute
markers of inflammation, and improved func-
tioning of pancreatic B-cells. Notably, these
positive effects may persist for prolonged peri-
ods of time after completion of treatment with
IL1inhibitors.

Also there are data that point out the
importance of inhibiting IL1 in relation to con-
trolling microvascular complications of DM,
such as nephropathy, neuropathy, and retinop-
athy, which may not be directly associated with
pronounced hyperglycemia [22].

Either directly or via oxidative stress,
IL18 may disrupt endothelial function or
stimulate proliferation of vascular smooth
muscle cells with the resulting characteristic vas-
cular changes [23]. The researchers have found
an increase in plasma levels of IL18 in patients
with type 2 diabetes and in patients with meta-
bolic syndrome [8]. Their results suggest a close
correlation between IL18 activity and the com-
ponents to the metabolic syndrome [24]. An
increase in circulating IL18 was found in patients
with T2D and a prospective study has found ele-
vated IL18 levels to precede the development of
T2D [22, 23]. Some other studies demonstrate the
association between pro-inflammatory cytokines
and obesity, dyslipidemia, insulin resistance and
hypertension [8, 9].

The principal biological function of CRP,
as well as that of any acute phase protein, is to
stimulate immune responses. CRP synthesis is
triggered and controlled by a number of relevant
mediators, including interleukins, such as IL1
and IL6. By enhancing the synthesis of glucocor-
ticoids, activated interleukins cause leukocytosis,
have pyrogenic properties and activate comple-
ment cascade and coagulation [8, 25]. Low lev-
els of constantly circulating CRP are not viewed
as a specific inflammatory marker because, in
addition to induction of acute phase protein
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synthesis, interleukins have other inherent func-
tions, which are not associated with acute inflam-
mation [26].

Elevated CRP levels have been implicated
in the development of T2DM [27]. Emerging labo-
ratory and epidemiological data now link inflam-
mation and CRP to insulin resistance [28]. Insulin
has the capacity to reduce the production of CRP
and fibrinogen. Thus, in a setting of insulin resis-
tance, the synthesis of acute-phase proteins is
enhanced. As chronic inflammation is part of
insulin resistance syndrome, an increase in CRP
levels suggests systemic inflammation. There are
data which have demonstrated a linear increase
in CRP levels with a concomitant increase in met-
abolic alterations [26].

The researchers have found complement
activation and stimulation of expression of adhe-
sion molecules on endothelial surface, as well as
binding and modification of lipoproteins (occur-
ring with involvement of CRP) to be suggestive
of the initial phase of vascular wall damage and
endothelial dysfunction. The destruction of the
endothelial glycocalyx layer by CRP was proven
by evidences found during in-vivo studies such
as elevated levels of hyaluronan in the blood cir-
culation (possibly caused by its erosion from the
endothelial cell surface) and decreased number
of heparin sulphate staining observed on the aor-
tic endothelium of the rats [28]. Moreover, other
factors mediated by CRP which lead to endothe-
lial dysfunction include decrease in the activity
of endothelial nitric oxide synthase in the endo-
thelial cells which lead to decreased production
of nitric oxide in the concerned cells [29]. Since it
is a well-known fact that endothelial dysfunction
is the precursor of many diabetic complications
such as diabetic retinopathy and diabetic nephrop-
athy, CRP can thus be suspected to be involved as
one of the mediators leading to the progression of
these diabetic complications [30, 31].

Conclusions

The obtained results suggest that
insulin-dependent patients with diabetic retinop-
athy demonstrate predominance of acute inflam-
mation, which is confirmed by acute increase in

© 2020 The Authors
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phase marker i.e., C-reactive protein (CRP), and
normal levels of pro-inflammatory cytokines
(IL1B and IL18) in blood serum. Patients with dia-
betic retinopathy who do not use insulin were
found to have increased serum levels of IL1p and
IL18 and normal levels of CRP, which suggests the
predominance of pro-inflammatory processes
(mobilization and activation of cells typically
involved in inflammatory process).
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Abstract
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Introduction: Type 2 diabetes mellitus (T2DM) is currently considered a worldwide and national health problem. Adiponectin is
a hormone that is secreted by the adipose tissue and regulates glucose and lipid metabolism. This study aimed to determine the
serum adiponectin levels in T2DM patients of the Al-Jouf region of Saudi Arabia. Material and Methods: We recruited 65 diabe-
tes patients and 50 healthy control subjects. Serum levels of fasting blood glucose (FBG), total lipid profile levels, adiponectin,
and insulin were measured in all subjects. Results: The comparison of biochemical parameters, including fasting glucose, insu-
lin, T-cholesterol, and low-density lipoprotein (LDL), were significantly higher in patients than controls. The mean body mass
index (BMI) and the Homeostatic Model Assessment for Insulin Resistance (HOMA-IR) index were significantly lower in controls
compared to the T2DM cases. Considerably reduced serum adiponectin (p < 0.01) levels were observed in patients rather than
controls. Further, a base comparison of the serum adiponectin demonstrated notably reduced adiponectin (p < 0.01) levels in
females compared to males. Conclusions: Serum adiponectin levels were reduced in people with diabetes compared to controls.

In comparison to males, females showed reduced adiponectin levels.

Keywords: Diabetes mellitus, insulin resistance, metabolic syndrome, adiponectin, Al-Jouf.

Introduction

Diabetes mellitus is a group of meta-
bolic disorders characterized by hyperglycemia
arising from insulin deficiency, insulin insuffi-
ciency, or both. Many factors contribute to the
development of diabetes, ranging from autoim-
mune antibodies against the B cells of the pan-
creas, causing insulin deficiency to abnormalities
related to defects that cause insulin resistance
within cells [1]. Worldwide, diabetes mellitus is
rapidly becoming more prevalent. Recent studies
indicate that approximately 382 million people

have diabetes, with an overall prevalence of 8.3%.
Saudi Arabia has one of the highest levels of
diabetes [2].

Insulin resistance, or type 2 diabetes, is
not a single disease but rather a group of diseases;
that is, it is a condition with different character-
istics and pathophysiologies but identical symp-
toms and outcomes. Type 2 diabetes mellitus
(T2DM) is a disorder with a combined etiology of
insulin resistance and insulin deficiency [3]. Obe-
sity isa common risk factor responsible for devel-
oping different metabolic syndromes, including
T2DM [4, 5]. Obesity causes different metabolic

© 2020 The Authors. Romanian Journal of Diabetes, Nutrition and Metabolic Diseases published by Sanatatea Press
Group on behalf of the Romanian Society of Diabetes Nutrition and Metabolic Diseases. This is an open access article
under the terms of the Creative Commons Attribution License (CC-BY-NC-ND 3.0).
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abnormalities that result in an increased hepatic
glucose output and decreased skeletal muscle,
liver, and adipose tissue sensitivity to insulin -
the main processes closely related to the patho-
genesis of T2DM [6].

Adiponectin is a hormone similar to gly-
coprotein that is mainly produced by adipose
tissues [7, 8]. This molecule is secreted into cir-
culation in three main isoforms: low-molecu-
lar-weight (LMW), middle-molecular-weight
(MMW), and high-molecular-weight (HMW)
[7]. The most biologically active molecule of
adiponectin in humans is the high-molecu-
lar-weight isoform.

Lower levels of this isoform mostly cor-
relate with the occurrence of T2DM [9-11]. Adi-
ponectin operates through three receptors:
AdipoR1, AdipoR2, and T-cadherin. AdipoR1 is
expressed at higher levels in muscular tissue, but
AdipoR2 is expressed in the hepatocytes. Several
studies mentioned the presence of AdipoRl in
different organs, including endothelial cells, car-
diac muscle [12, 13], and pancreatic beta cells [14].
Obesity decreases adiponectin levels, resulting
in insulin action resistance [15]. Various studies
have observed a decrease in adiponectin levels in
T2DM [16-18].

The objective of the present study was to
determine the serum adiponectin levels in T2DM
patients of the Al-Jouf region of Saudi Arabia.

Material and Methods
Ethical declaration

Ethical approval was received from the
Local Committee of Bioethics (LCBE), Jouf Uni-
versity (Sakaka, Saudi Arabia). Informed consent
to participate in the study was obtained from all
patients and control subjects.

Study design and patients
A total of 65 unrelated Saudi diabetic
patients in the Al-Jouf region participated in this

research. Patients were selected from the King
Abdul Aziz Specialist Hospital, Sakaka, Al-Jouf.
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The World Health Organization (WHO) criteria
were used to diagnose all diabetic patients. Demo-
graphic data were collected for all participants
using a questionnaire that included questions
about weight, height, family history of diabetes,
and insulin intake. Body mass index (BMI) was
calculated by dividing the body weight by height
squared (kg/m2). BMI values of 25-30 kg/m2 were
considered overweight, and values above 30 kg/
m2 were considered obese [19]. For control sub-
jects, 50 healthy individuals participated in this
research. All control subjects had no diabetic
family history, no history of taking insulin, and
healthy BMIs.

Collection of samples

Venous blood was collected from all sub-
jects after an overnight fast of at least ten hours
in an aseptic environment using a sterile yellow
cap tube containing gel for serum separation.
Serum was separated through centrifugation of
clotted blood at 4,000 rpm for 10 minutes within
three hours of blood collection and used for the
estimation of adiponectin and insulin levels, as
well as other research requirements.

Research investigations

1. The GOD-PAP method was used for the esti-
mation of fasting blood glucose (FBG).

2. Fasting insulin was measured by enzyme-
linked immunosorbent assay (ELISA) using a
Bioassay Technology Laboratory kit (Shang-
hai, China).

3. Insulin resistance was calculated by the
Homeostasis Model Assessment of Insulin
Resistance (HOMA-IR) using the following
formula: HOMA index = (fasting insulin (uU/
ml) x fasting plasma glucose (mg/dl)/405 [20].

4. Plasma adiponectin levels were measured by
ELISA using a Bioassay Technology Labora-
tory kit (Shanghai, China).

5. Total lipid profile levels:

a. Total cholesterol and triglycerides lev-
els were estimated using the CHOD-PAP
and GPO-PAP methods, respectively.

© 2020 The Authors



b. High-density lipoprotein (HDL) was
measured using the direct homoge-
nous enzymatic colorimetric method,
whereas low-density lipoprotein (LDL)
was determined by the Friedewald for-
mula [21].

6. LDL =total cholesterol - (HDL + TG/5)

Statistical analysis

Results were entered and analyzed statis-
tically using the GraphPad Prism software. An
independent t-test was conducted to compare the
mean + SEM of the control and patient groups;
a p-value < 0.05 was considered statistically
significant.

Results

A total of 115 subjects, including 65 dia-
betic patients and 50 healthy controls, was inves-
tigated in this study. Of the total participants,
47.8% were female, and 52.2% were male (Table 1).
The mean age for T2DM cases was 50.83 = 1.16,

Rom J Diabetes Nutr Metab Dis. 2020; volume 27, issue 3

(p < 0.01). The HOMA-IR was observed to be
significantly higher in T2FM patients than in the
controls (p < 0.0001).

Biochemical parameters, including fast-
ing glucose, insulin, and lipid profiles, were sig-
nificantly higher in the T2DM cases compared
to the controls. The means for fasting glucose in
patients and controls were 189.9 + 7.694 and 89.9 +
1.871, respectively (p < 0.0001). The mean insulin
levels were found to be greater in T2DM patients
(19.8 + 2.343) compared to the control groups
(10.23 + 0.937). However, serum triglyceride and
serum HDL-cholesterol were not significantly
different between the two groups (p > 0.05).

The adiponectin serum levels had a mean
of 4.837 + 0.321 and 7.336 + 1.081 in T2DM cases
and controls, respectively. Significantly reduced
serum adiponectin (p < 0.01) was observed in
T2DM patients as opposed to controls (Figure 1).
Further, a base comparison of serum adiponectin
demonstrated that adiponectin (p < 0.01) was sig-
nificantly reduced in females rather than males.

Table 1: Distribution of study groups according to
gender.

while the mean age for the controls was 42.73 + Gender R " Total
0.5354. Controls T2DM cases N (%)
Different anthropometric and biochem- N (%) N (%)
ical parameters were compared between the Males 30 (60) 30 (46) 60 (52.2)
groups (Table 2). The mean BMI was lower in the Females 20 (40) 35 (54) 55 (47.8)
controls (23.82 + 0.6385) than in the T2DM cases Total 50 (100) 65 (100) 115 (100)
(31 + 0.8469), which was statistically significant
Table 2: Comparison of descriptive variables between T2DM cases and healthy controls.
Parameters (mg/dl) Controls T2DM patients P-value
Age (years) 42.73 + 0.5354 50.83 +1.16 <0.01*
BMI (kg/m?) 23.82 + 0.6385 31+0.8469 0.0024**
FBG (mg/dl) 89.9 +1.871 189.9 + 7.694 < 0.0001 ****
Insulin (uIU/ml) 10.23 £ 0.937 19.8 +2.343 < 0.00017****
HOMA-IR index 2.408 + 0.246 8.534 +1.083 < 0.0001 ****
TG (mg/dl) 139 +7.603 180.9 +13.59 0.0768
T-cholesterol (mg/dl) 145.5 + 3.904 179.7 + 9.272 0.0319*
HDL (mg/dl) 45.13 +1.158 46.04 +2.141 0.7980
LDL (mg/dl) 72.53 + 4.287 115.6 + 7.458 0.0004***
© 2020 The Authors Romanian Journal of Diabetes, Nutrition and Metabolic Diseases :: www.rjdnmd.org 259
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Figure 1: Serum adiponectin levels in T2DM cases and
controls.

Figure 2: Comparison of serum adiponectin levels in
females and males with T2DM.

The mean serum adiponectin was 6.355 + 0.595 in
males and 4.179 + 0.343 in females (Figure 2).

Discussion

T2DM is the most prevalent form of dia-
betes mellitus and causes enormous health and
economic consequences [22]. Reliable diagnos-
tic tests for T2DM include the FBG test, the oral
glucose tolerance test, and the glycated hemo-
globin. However, there remain limitations in
the use of these tools for the diagnosis of T2DM.
Therefore, additional diagnostic biomarkers of
T2DM are being explored. Adipocytokines regu-
late the sensitivity of peripheral tissues to insu-
lin, glucose, and lipid metabolism; they modulate
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appetite, angiogenesis, blood pressure, energy
expenditure, homeostasis, the axis of endocrine,
and the reproductive systems [23]. Some studies
documented the role of adiponectin in the patho-
physiology of T2DM and metabolic syndrome [24].

In the present study, the levels of serum
adiponectin were lower in the T2DM cases than
in the healthy controls. The results of our study
are comparable to those of previous studies in
which reduced adiponectin levels were demon-
strated to be independent of age, gender and BMI
in T2DM patients [25-28]. Conversely, some stud-
ies describe high adiponectin concentrations in
T2DM participants [29]. The major factor con-
tributing to this difference is the underlying insu-
lin resistance in type 2 diabetic patients [28, 30].
Insulin is the hormone that mediates the secre-
tion of proteins, including adiponectin, from the
adipose tissue and this adiponectin provokes the
sensitivity of insulin [31].

In our study, BMI and HOMA-IR were
determined and differed significantly between
the controls and the T2DM cases. The HOMA-IR
was higher in people with diabetes, establishing
the development of insulin resistance. Previous
studies have reported low adiponectin concen-
trations to be associated with the risk of obesity
[28]. A negative correlation between BMI and adi-
ponectin levels has also been established [25, 32,
33]. The essential role of adiponectin is to act asa
hypoglycemic and antidiabetic agent [31]. There-
fore, the reduced adiponectin levels in T2DM
might enhance the development of insulin resis-
tance and pancreatic dysfunctions [28]. However,
the relationship between decreased adiponectin
concentration and the effect of insulin resistance
remains unclear.

Our results showed that the mean adi-
ponectin levels were significantly lower in dia-
betic females than males. These results are
comparable to those of previous studies report-
ing reduced adiponectin levels in diabetic females
as opposed to males [34]. However, some studies
documented no change in adiponectin concen-
trations in diabetic subjects [28].

In the present study, lipid profile tests,
including total cholesterol and LDL cholesterol,
were significantly higher in people with diabe-
tes than in non-diabetics, while the presence of

© 2020 The Authors



serum triglyceride and serum HDL-cholesterol
was found to be non-significant between the
groups. Previous research supports the results of
the current study [28]. The association between
T2DM and dyslipidemia has been well docu-
mented [35]. However, the previous research has
presented variable correlations between serum
adiponectin and lipid profiles. Mostly, there is
an inverse relationship between triglyceride and
adiponectin [36, 37]. Some studies have demon-
strated the correlation of reduced adiponectin
with lower HDL and raised LDL cholesterol [37,
38]. Recently, a study from India revealed that a
low adiponectin level is correlated with dyslipid-
emia [25].

Conclusion

Anthropometric and biochemical pro-
files are significantly associated with the risk of
T2DM. Serum adiponectin levels were reduced
in diabetics as opposed to controls. In females,
rather than males, reduced adiponectin was
associated. It is suggested that variable concen-
trations of adiponectin can lead to an increased
risk of obesity, T2DM, insulin resistance, and
metabolic syndrome. Further, the development
of adipocytokines as biomarkers may be helpful
in managing the risks of metabolic syndrome
complications.
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Abstract

Introduction: Epidemiological inquiries on the subclinical atherosclerotic inflammatory disease in ketosis-onset type 1 diabetes
(T1D) are scarce. Our objective was to evaluate the risk of developing atherosclerosis via lipid ratios by comparing two groups of
patients according to their ketosis status. Material and Methods: We performed a comparative retrospective study, including 351
patients (13-74 years) with confirmed T1D divided into the following groups: patients with inaugural diabetic ketosis (IDK) vs.
patients with diabetic ketosis (DK). Clinical, biological and pathophysiological patients’ data were compared. Main lipid ratios
have been assessed according to the patients’ ketosis status and gender. The multivariate logistic regression test was applied to
evaluate the association of lipid ratios quartiles with the diabetic ketosis status. Results: Our study showed a slight predomi-
nance of males (50.43%), with an average age of 25.77 years. Comparing to IDK, DK patients had a higher body mass index. No sig-
nificant differences were observed between fasting plasma glucose and HbA1C and lipid levels. The results showed that the third
(OR=2.14 [0.81-5.61]; p=0.12) and the fourth quartiles (OR= 0.9 [0.35-2.33]; p=0.83) of TC/HDL ratio were higher in both groups.
We noticed higher concordant values on the last two quartiles (third and fourth) of the LDL/HDL ratio with p values of 0.07 and
0.39, respectively. In both groups, TC/HDL and TG/HDL were slightly higher in males compared to female T1D patients except for
the LDL/HDL ratio, which showed a slight ascendant median in females compared to males with IDK. Conclusions: The preva-
lence and risk of atherosclerosis inflammatory disease were higher in newly and formerly diagnosed patients with ketosis-onset
T1D. Thus, medical awareness initiatives and a routine thorough endothelial function are needed to reduce the prevalence of the
risk of atherosclerotic inflammatory disease.

Keywords: Atherosclerosis risk, lipid ratios, ketosis, type 1 diabetes.

Introduction

In a global picture, the number of
patients diagnosed with diabetes increased
up to 463 million among the population aged
between 20 and 79 years. If these tendencies
remain by 2045, 700.2 million people will be
living with diabetes [1].

Multiple epidemiological investiga-
tions have shown that the incidence rate of
type 1 diabetes (T1D) has been escalating to
2-5% annually [2]. This increase in the number

of cases is particularly felt in low and middle-in-
come countries, and children are not spared by
the spread of the disease [3].

In Algeria, the disease’s prevalence is
continuously increasing, which will lead to a
financial burden for the government budget [4].

Unlike other types of diabetes, T1D is
characterized by immune-interfered destruc-
tion of pancreatic B cells, which negatively
affects the secretion of insulin [5]. This leads
over time to major microvascular complications
like neuropathy, retinopathy, and nephropathy,

© 2020 The Authors. Romanian Journal of Diabetes, Nutrition and Metabolic Diseases published by Sanatatea Press
Group on behalf of the Romanian Society of Diabetes Nutrition and Metabolic Diseases. This is an open access article
under the terms of the Creative Commons Attribution License (CC-BY-NC-ND 3.0).
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among other macrovascular complications like
peripheral artery and cardiovascular diseases [6].

Several studies show that up to 40% of
patients with new-onset T1D have diabetic keto-
acidosis (DKA) [7, 8], which is a serious, poten-
tially deadly T1D complication [9]. The mortality
rate associated with DKA depends on the experi-
ence of the treating hospital in dealing with this
condition [10]. Thus, it is crucial that patients
detect DKA and get medical care immediately.

Although the metabolic dysfunction and
autoimmune implication in ketosis T1D have
been well documented [11, 12], slightly is known
regarding the prevalence, clinical and biological
features of atherosclerosis in ketosis T1D, which
is defined as a persistent, progressive inflamma-
tory process that initiates with lipid deposits and
fatty streaks on the arterial intima leading to ath-
erosclerotic plaques [13].

T1D is often associated with the early
manifestation of atherosclerosis, representing
the morphological basis for macrovascular dia-
betic complications and shows certain specific
features that result from different proportions of
risk factors [14].

Recent studies have shown that patients
with TID are at higher risk for endothelial dys-
function and atherosclerosis [15, 16]. However,
few studies have inspected the possibilities of
influencing and detecting the atherosclerotic
process in subjects with ketosis T1D.

Thus, the objective of this scientific study
is to assess and to compare the biological, clini-
cal and pathophysiological characteristics of T1D
patients with inaugural diabetic ketosis and with
diabetic ketosis in order to evaluate the poten-
tial atherosclerosis risk, as a preliminary car-
diovascular complication, by evaluating blood
lipid ratios in a population from northwestern
Algeria.

Material and Methods
Population and study design
We underwent a transverse retrospective

observational study that involved all patients
newly and formerly diagnosed with T1D and
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aged from 13 to 74 years. The study was carried
out between January 2009 and December 2019 at
the Diabetes-Endocrinology Department of the
University Hospital Center in Sidi-Bel-Abbes,
northwestern Algeria. Patients’ medical records
were reviewed for medical history, symptoms
and signs, biochemical parameters, and compli-
cations of the diabetic disease. All T1D patients
with Inaugural Diabetic Ketosis (IDK) and Dia-
betic Ketosis (DK) with complete and adequate
medical records were involved in the analysis.
Diabetic ketoacidosis (DKA) was defined accord-
ing to the latest biochemical criteria for the DKA
identification published by the American Diabe-
tes Association (ADA) [17]. However, T1D patients
without confirmed ketosis were excluded.

For all patients, anthropometric param-
eters (body weight, body mass index “BMI”
and waist circumference) were available on the
patient’s medical record. Blood pressure was
determined by a sphygmomanometer in a supine
position followed by a second measurement (after
a few minutes) in a standing position. Hyperten-
sion was defined by systolic blood pressure (SDP)
of 140 mmHg and diastolic blood pressure (DBP)
of about 90 mmHg or more. The latest biochem-
ical assessment including fasting blood glucose,
glycated hemoglobin (HbAlc), hemoglobin, urea,
creatinine and lipid parameters, namely total
cholesterol (TC), high-density lipoprotein choles-
terol (HDL), low-density lipoprotein cholesterol
(LDL) and triglycerides (TG), were taken from
patients’ medical records. Moreover, lipid ratios
as indicators of atherogenic risk were calculated -
TC/HDL, LDL/HDL, and TG/HDL.

Ethical considerations

Complete confidentiality of vital patient
information was maintained for ethical pur-
poses, and ethical approval was obtained from the
department in which the study was carried out.

Statistical analyses

Descriptive analyses were conducted after
the data were summarized using percentages and

© 2020 The Authors



relative frequencies for qualitative variables and
means+SD with its respective 95% confidence
intervals (95% CI) for continuous variables.

Qualitative categorical variables were com-
pared using the Chi-square test, while quantitative
variables were compared using the Student t-test.
Significant differences were maintained when the
p-value was less than or equal to 0.05 (p < 0.05).

Multivariate logistic regression was
applied to evaluate differences of categorical
variables while adjusting for serum lipid ratios
and exploring their clinical usefulness to identify
the atherosclerosis risk in T1D patients with IDK
or DK. All data were computed and analyzed via
the SPSS software (SPSS 22, IBM Corporation;
Chicago, IL. August 2013).

Table 1: Basic characteristics of the participants.

Rom J Diabetes Nutr Metab Dis. 2020; volume 27, issue 3

Results

The basic characteristics of the studied
patients are summarized in Table 1. A total of 351
patients with type 1 diabetes (50.43% males and
49.57% females) were admitted to the University
Hospital Center from January 2009 to Decem-
ber 2019. Among all the involved patients, 155
patients (44.2%) presented DKA at first diagnosis
of diabetes (inaugural diabetic ketosis “IDK”),
while 196 DKA patients (55.8 %) had long-estab-
lished T1D (diabetic ketosis “DK”).

At diagnosis, the age of patients was
more than 13 years old in all of them with a
mean age of 25.77 years. Meanwhile, the mean
age of patients with diabetic ketosis (DK) was

All Inaugural Diabetic

Variables Patients Diabetic Ketosis Ketosis p value*
n=351 n=155 n=196
Gender, n (%)
Male 177 (50.43) 100 (64.52) 77 (39.29) <1073
Female 174 (49.57) 55 (35.48) 119 (60.71) <1073
Age groups, years
[13-19] 102 (29.10) 53 (34.20) 49 (25.00)
[20-29] 148 (42.20) 75 (48.40) 73 (37.20) <1073
[30-39] 81(23.10) 27 (17.40) 54 (27.60)
[40-49] 15 (4.30) 0(0.00) 15 (7.70)
[50-59] 3(0.90) 0(0.00) 3 (1.50)
> 60 2 (0.60) 0(0.00) 2 (1.00)
Smoking history, n (%)
Male 53 (15.10) 34 (21.93) 19 (9.69) <1073
Female - - - -
Prevalence of weight categories, n (%)
Underweight, BMI <18.5 Kg/m? 119 (33.90) 67 (43.22) 52 (26.53)
Normal weight, 163 (46.40) 70 (45.16) 93 (47.45) 0.009
BMI=18.5-25.0Kg/m? 20 (5.70) 5(3.22) 15 (7.65)
Overweight, BMI=25.0-29.9Kg/m? 9 (2.60) 5(3.22) 4(2.04)
Obesity, BMI 30 Kg/m?
Precipitating factors, n (%)
Angina 17 (4.80) 9 (5.80) 8 (4.08) 0.45
Influenza syndrome 33(9.40) 7 (4.50) 26 (13.27) 0.005
Pregnancy 13 (3.70) 0(0.00) 13 (6.63) 0.001
Urinary infection 73 (20.80) 25 (16.14) 48 (24.49) 0.05
Dental abscess 8(2.28) 1(0.66) 7(3.57) 0.06
Insulin omission 16 (4.57) 0(0.00) 16 (8.16) <1073
Diabetic foot 3(0.90) 0 (0.00) 3 (1.53) 0.12
Alcohol abuse (in males) 10 (2.84) 7 (4.51) 3(1.53) 0.09
Unknown 178 (50.71) 106 (68.39) 72 (36.74) -
(continued)
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Hamri WH et al. Inflammatory Atherosclerosis Risk and Lipid Ratios Markers in Type 1 Diabetic Patients: The Role of Ketosis as a Metabolic State

Table 1: Continued

All

Variables Patients

n=351
Other associated diseases, n (%)
Low visual acuity 44 (12.50)
Diabetic retinopathy 13 (3.70)
Hypertension 9 (2.60)
Hypothyroidism 13 (3.70)
Hyperthyroidism 6 (1.70)
Anemia 76 (21.70)
Gastroenteritis 8(2.30)
Symptoms and signs, n (%)
Signs of dehydration 87 (24.80)
Abdominal pain 67 (19.10)
Vomiting and nausea 98 (27.90)
Dyspnea 18 (5.10)
Transit disorder (diarrhea) 15 (4.30)
Epigastric 21(6.00)
Headaches 25 (7.10)
Dizziness 27 (7.70)
Edema 5(1.40)
Micturition burn 22 (6.30)
Cardinal syndrome, n (%) 245 (69.80)
Weight loss 349 (99.40)
Polyuria-Polydipsia 186 (53.00)
Asthenia 258 (73.50)
Overeating
Family history, n (%)
Hypertension 82 (23.36)
Type 1diabetes 56 (15.95)
Type 2 diabetes 195 (55.55)
Goiter 20 (5.69)

Inaugural Diabetic
Diabetic Ketosis Ketosis p value*
n=155 n=196
8 (5.16) 36 (18.37) <1073
0(0.00) 13 (6.63) <1073
0(0.00) 9 (4.59) <1073
2(1.29) 11 (5.16) 0.03
4(2.58) 2(1.02) 0.26
24 (15.48) 52 (26.53) 0.01
1(0.65) 7(3.57) 0.06
44 (28.38) 43 (21.94) 0.16
18 (11.61) 49 (25.00) 0.001
14 (11.61) 84 (42.86) 1073
7(9.03) 11 (5.61) 0.64
2(1.29) 13 (6.63) 0.01
1(0.65) 20 (10.20) 0.001
13(8.39) 12 (6.12) 0.41
17 (10.97) 10 (5.10) 0.04
1(0.65) 4(2.04) 0.27
6(3.87) 16 (8.16) 0.1
129 (83.23) 116 (5.61) <1073
155 (100.00) 194 (98.97) 0.20
84 (54.19) 102 (52.04) 0.98
140 (90.32) 118 (60.20) 0.01
37 (23.87) 45 (22.96) 0.84
22 (14.19) 34(17.35) 0.42
89 (57.42) 106 (54.08) 0.53
9 (5.80) 11 (5.61) 0.93

(*) percentages were compared with the Chi-square test, p<0.05 was considered as significant; BMI: body mass

index.

significantly higher than that of patients with
inaugural diabetic ketosis (IDK) (27.83+9.93 years
vs. 23.16+5.74 years, p<0.001) (Table 2). The most
affected age group by both IDK and DK was the
20-29 age group, with a rate of 42.2%, followed
by the 13-19 age group with 29.1%. However, the
least affected age group was the >60 years group
(Table 1). The overall prevalence of underweight,
normal weight, overweight, and obesity was
33.90%, 57.80%, 5.70%, and 2.60%, respectively.
In the current study, multiple factors con-
tributed to DKA, including infection, poor drug
compliance, pregnancy, diabetic foot, and alcohol
abuse. The most commonly known precipitating
factor for DKA was urinary infection 20.8%, fol-
lowed by the influenza syndrome - 9.4%, angina
- 4.8% and insulin omission - 4.57%. Anemia
was the most common complication (21.7%), its
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frequency being higher in the DK group (26.53%,
p=0.01), followed by low visual acuity, diabetic
retinopathy, hypothyroidism, and hypertension.

As mentioned in the patients’ medical
files, the typical symptoms were mostly vomiting
and nausea - 27.9%, followed by signs of dehydra-
tion -24.8% and abdominal pain -19.1% as the pre-
senting symptoms. Other symptoms defined by
cardinal syndrome were also present and patients
had one or more of them, including polyuria poly-
dipsia, overeating, weight loss, and asthenia.

Family history (grandparents, parents,
and siblings) of T1D was present in 15.95% of
cases, while the majority (84.6%) reported hav-
ing a family history of other complications (T2D,
hypertension, and goiter).

Laboratory data for the two groups
are recapitulated in Table 2. Concerning the

© 2020 The Authors
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anthropometric measurement on admission,
there were no significant differences in body
weight and waist circumference between the
two groups. However, significantly higher BMI
(p=0.005) was found in DK comparing to IDK T1D
patients. No differences are observed in ortho-
static blood pressure (Table 2).

Although the glycemic control was poor,
as shown by a mean glycated hemoglobin (HbAlc)
level above 10%, no significant differences regard-
ing fasting plasma glucose and HbAlc levels (IDK:
11.67+2.12%, DK: 11.22+2.03 %, p=0.08) between
the two groups of diabetes was noted on admis-
sion. On the other hand, hemoglobin was lower
in DK patients than in IDK patients (12.48+1.89
g/l vs. 13.66+2.05 g/1, respectively, p<0.001). Con-
cerning lipid levels, no significant differences
were found between the two groups. In contrast,
mean levels of lipid ratios were slightly higher in
IDK than in DK without significant differences
(Table 2).

With respect to renal function, urea
mean+SD was higher in the longstanding T1D
group (0.55+0.42 g/1), with a significant difference
among the two groups (p=0.05). Meanwhile, no
evidence of a difference in creatinine mean+SD
was found between the two groups (p=0.34).

Regarding fluid management in the emer-
gency room, the initial insulin requirement
was higher in patients with DK than that of IDK
(50.51+23.72 1U vs. 45.57+18.66 1U, respectively, p=
0.03).

For the whole study population, the mul-
tivariate regression between lipid ratios quar-
tiles, as powerful predictors of atherosclerosis,
plotted that the third (OR=2.14 [0.81-5.61]; p=0.12)
and the fourth quartiles (OR= 0.9 [0.35-2.33];
p=0.83) of TC/HDL ratio were higher in both
groups as described in Table 3. Furthermore,
we noticed higher concordant values in the last
two quartiles (third and fourth) of the LDL/HDL
ratio with p values of 0.07 and 0.39, respectively.

Table 3: Crude “Odds Ratio” of blood lipid ratios quartiles associated with the type of diabetic ketosis.

Inaugural Diabetic
Variables Ketosis, n=155
Number (%)
CT/HDL ratio
1t quartile (1.56-3.12) 14 (20.89)
2"d quartile (3.13-3.92) 13 (19.41)

3" quartile (3.93-4.61)
4t quartile (4.62-7.96)

31.34

21( )
19 (28.36)

LDL/HDL ratio

1t quartile (0.35-1.81) 17 (25.37)
2" quartile (1.82-2.25) 13 (19.41)
3 quartile (2.26-2.84) 17 (25.37)
4% quartile (2.85-5.93) 20 (29.85)
TG/HDL ratio

1t quartile (1.00-1.40) 14 (20.89)
2n quartile (1.41-2.16) 18 (26.87)
3t quartile (2.17-3.68) 17 (25.37)
4t quartile (3.69-13.58) 18 (26.87)

Ket?)l:;]s)f 2196 (ggigag;{’) *p-value
Number (%)

20 (27.78) Reference -

22 (30.56) 1.81[0.69-4.73] 0.22
15 (20.83) 2.14 [0.81-5.61] 0.12
15(20.83) 0.90[0.35-2.33] 0.83
18 (25.00) Reference -

22 (30.56) 1.51[0.58-3.91] 0.39
18 (25.00) 2.41[0.91-6.36] 0.07
14 (19.44) 1.51[0.58-3.19] 0.39
20 (27.78) Reference -

18 (25.00) 1.51[0.58-3.91] 0.39
17 (23.61) 1.05 [0.41-2.68] 0.90
17 (23.61) 1.05 [0.41-2.72] 0.90

(*) multivariate logistic regression significant at p = 0.05; CI, confidence interval; OR, Odd ratio; Q, quartiles;
TC: total cholesterol; LDL: low-density lipoprotein cholesterol; HDL: high-density lipoprotein cholesterol; TG:

triglycerides.
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Likewise, the fourth quartile of the TG/HDL ratio
disclosed an Odd ratio of 1.05 [0.41-2.72] (p=0.90).

As shown in Figure 1, in males and
females, when comparing lipid ratios between
the two groups of diabetic ketosis, TC/HDL and
TG/HDL were slightly higher in males compared
to females T1D patients. However, this was not
the case for the LDL/HDL ratio, which showed a
slight ascendant median in females compared to
males with inaugural diabetic ketosis.

Besides, higher TC and LDL levels were
observed in females compared to males with IDK.
Meanwhile, males with DK had high levels of TC
and LDL compared to female patients. Similarly,

Rom J Diabetes Nutr Metab Dis. 2020; volume 27, issue 3

TG levels were higher in males compared to
females with IDK.

Discussion

Ketosis is considered a trait of T1D and
one of its most serious acute complications. Its
annual incidence is around 4.6 to 8 episodes/1000
diabetic patients [18]. This complication is char-
acterized by increased production of ketones and
glucose in the liver precipitated by a total or rel-
ative lack of insulin and an increase in catabolic
hormone rates [19-21]. In parallel, TID patients
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Figure 1: Comparison of lipid ratios levels between patients with Inaugural Diabetic Ketosis and Diabetic Ketosis

according to the patients’ gender.
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are prone to lipid disorders (mainly qualita-
tive abnormalities of the lipoproteins) that can
subsequently lead to the onset of atherosclero-
sis. Hyperglycemia and peripheral hyperinsu-
linemia, which are likely to play a role in these
complications, result from the administration of
subcutaneous insulin [22].

The objective of the current study was to
evaluate, in T1D patients, the risk of developing
atherosclerosis (via lipid ratios) by comparing
two groups of patients according to their ketosis
status (patients with inaugural diabetic ketosis
vs. patients with diabetic ketosis).

Our study’s preliminary consequences
displayed significant effects of gender, age group,
active smoking status, and patients’ corpulence
on variances between inaugural diabetic keto-
sis patients and diabetic ketosis ones. The dis-
tribution of patients by gender showed a slight
predominance of males over females (50.43%
- 49.57%), a sex ratio of 1.01. Taieb et al. found
that 68% of the population diagnosed with type
1 diabetic ketosis were males versus 32% females
with a sex ratio = 2.1 [23]. Our results are in accor-
dance with the same Tunisian study conclusion,
where a relatively high proportion of inaugural
diabetic ketosis has been described in adoles-
cents and young subjects compared to the older
patients [23]. The same observations have been
made by Lin et al. in Taiwan [24]. Studies sug-
gesting the relationship between type 1 diabetes,
diabetic ketosis and body corpulence are still rare
and inconclusive. Low et al. have reported that
lean children and adolescents with DK have often
type 1 autoimmune diabetes. In contrast, obese
children and adolescents with DK have clinical,
metabolic, and immunological features of type
2 diabetes [25]. Our findings disclose that most
T1D patients with both inaugural diabetic keto-
sis and diabetic ketosis are either underweight or
normal weight with a higher significant effect of
body corpulence (p=0.009).

The most common precipitating factors
reported in the present study were urinary infec-
tion, influenza syndrome, angina, and insulin
omission that are significantly more frequent
in patients with diabetic ketosis compared to
those with inaugural diabetic ketosis. Ahuja et
al. reported that infections and insulin omission
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were the most frequent precipitants factors of
DKA [26]. In our series, 4.57% of young patients
who had omitted their medications had a family
history of omission and/or medication neglect-
ing. One explanation for this behavior may be
a patients’ misunderstanding of their diabetes
management [27].

In our study, vomiting and abdominal
pain were the most common presenting symp-
toms; these results concord with other studies
[28, 29]. Moreover, the clinical picture of DK typi-
cally involves cardinal syndrome (polyuria, poly-
dipsia, weight loss, asthenia, and weakness).

The diabetic ketosis group required more
additional fluid and treatment with the insulin
infusion to achieve a ketone-negative status com-
pared with the newly diagnosed group [30].

The comparison between the two ketosis
patients’ subgroups disclosed some significant
differences, especially for mean age, the first age
of diabetes diagnosis, and biochemical param-
eters. The glycated hemoglobin (p=0.08) and
hemoglobin (p<0.001) were higher in patients
with inaugural diabetic ketosis compared to
those with diabetic ketosis. Similarly, the conven-
tional lipid parameters (TC, HDL, LDL, and TG)
and their associated ratios (TC/HDL, LDL/HDL,
and TG/HDL) were higher in patients with inau-
gural diabetic ketosis compared to patients with
diabetic ketosis indicating a higher cardiovas-
cular risk in new-onset type 1 diabetic patients.
There is lacking direct research evaluating the
cardiovascular risk (namely of atherosclerosis)
in ketosis onset diabetes (inaugural diabetic keto-
sis) or ketosis-prone diabetes (diabetic ketosis). In
their study, Liu et al. showed that patients with
inaugural diabetic ketosis do not have absolutely
the same clinical characters as patients with dia-
betic ketosis, and each subgroup showed differ-
ent rates [31].

Many authors agree that atherogenic or
Castelli indexes (LDL/HDL and TC/HDL ratios)
are the best indicators of vascular risk compared
tothetraditional lipid parameters [32]. According
to the Helsinki study (1992), the LDL/HDL ratio is
the most relevant index for cardiovascular health
[33]. Our findings disclosed a higher non-signifi-
cant atherosclerosis risk (evaluated through lipid
ratios) in type 1 ketosis-onset diabetics than in

© 2020 The Authors



type 1 diabetic ketosis patients. The same results
were reported by Wang et al. [34].

In the present study, all participants were
categorized into lipid ratios quartiles, from the
highest quartile (fourth) to the lowest one (first)
as reference. The comparison of lipid ratios quar-
tiles between patients with inaugural diabetic
ketosis and those with diabetic ketosis exposed
non-significant differences for all the compared
quartiles. Whereas, the Odds ratios increased
significantly from the first to the third quartiles
of the three studied lipid ratios, regardless of the
ketosis subgroup. Our results are in accordance
with the conclusions of the Framingham study
(2006), where increasing coronary heart disease
proportions were observed when the TC/HDL
ratio fluctuated from the lower to the higher
tertiles [35].

The explanation of DK’s role in the inflam-
matory cascade in diabetic patients has been the
subject of several works [36]. It is currently clearer
that the acceleration of LDL oxidation, hyperke-
tonemia, and the increased risk of atherosclerosis
and CVD in diabetic patients result from the high
levels of oxidative stress experienced by these
patients. It has also been reported that DK can be
independently associated with cardiovascular
risk despite the absence of a metabolic history or
known sensitivities to cardiovascular pathology
[37]. In addition, it has been stated that the eleva-
tion level of ketones is proportional to the sever-
ity of congestive heart failure [38]. In our study,
both patients with inaugural diabetic ketosis and
diabetic ketosis have a higher to moderate risk of
developing atherosclerosis according to their lipid
ratios expressed by quartiles.

Regarding the effect of gender difference
on the clinical characteristics and outcomes of
diabetic ketosis patients, the availability of data
is still very limited. These gender differences
must be recognized and taken into account for
optimal treatment and diabetes prevention [39].
Our results point out that the TC/HDL ratio was
beyond the therapeutic target of 3.5 recognized by
several authors for patients with inaugural dia-
betic ketosis and diabetic ketosis [40]. Likewise,
the values of this ratio for men were often high
compared to women. The LDL/HDL ratio values
were higher in women patients with inaugural

© 2020 The Authors
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diabetic ketosis and almost identical between the
two sexes in patients with diabetic ketosis. How-
ever, in all studied patients, LDL/HDL and TG/
HDL levels were within the normal ranges of 2.5
and 3, respectively [40, 41].

In this study, we haad certain limitations
that need to be indicated. First, the observational
context of the present investigation does not
allow to make a clear, conclusive decision about
the atherosclerosis risk in TID with regard to
ketosis. Therefore, further intervention study is
preferable to confirm our results. Second, most
of the study participants were from the urban
area, so this population could not be geograph-
ically diverse. Nevertheless, regardless of these
limitations, we believe that our conclusions
would remain unchanged in the general popula-
tion despite the study design. The employment
of lipid ratios in the evaluation of atherosclerosis
risk in T1D patients is a robust method regard-
less of gender and ketosis status; however, life-
style factors may undoubtedly change over time.
Therefore, data from the present work can be a
good support for further research.

Conclusion

Diabetic ketosis or ketoacidosis is the
most crucial complication of TID and can pres-
ent high morbidity if it is not diagnosed early and
managed properly. In patients with type 1 diabe-
tes, the employment of blood lipid ratios for eval-
uating atherosclerosis threats disclosed a higher
risk in both groups of patients with inaugural
diabetic ketosis and diabetic ketosis. However,
higher frequency and dominance of atheroscle-
rosis risk is observed in the male gender with
inaugural diabetic ketosis. Consequently, con-
sidering the large prevalence of the associated
subclinical conditions, and their consequences
for the long-term management, a routinely thor-
ough vascular assessment might be warranted
for patients with T1D.
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Abstract

Background and Aims: Hyperglycemia, one of the most common causes that leads to oxidative damage, is frequently observed
in association with inflammatory infiltration mediated by mononuclear phagocytes and epithelial cells present in glandular tis-
sues of diabetic patients. Actions that make it possible to reduce tissue damage caused by the oxidative process inherent in this
metabolic disease can become an efficient alternative in helping to maintain the Quality of Life of millions of people. The present
study aimed to analyze the effects of the use of alpha-tocopherol in cultures of primary cells of the parotid gland submitted to
conditions similar to those that occur in diabetes mellitus (DM). Methods: For this, cells from the parotid glands of Balb/C/Unib
mice were extracted using the Percoll® protocol. The cells were organized into five groups with different amounts of glucose
diluted in the cell culture medium and with the presence or absence of lipopolysaccharide to induce the inflammatory process,
as well as the presence or absence of alpha-tocopherol. Results: The observed results indicated an increase in cell viability with
the use of alpha-tocopherol and reductions of this same variable when in the presence of oxidizing agents. The proteins involved
with the mediation of antioxidant protection and inflammation, Nuclear factor erythroid 2-related factor 2 (NRF2), nuclear factor
kappa B (NfkB), and glutathione peroxidase were increased in the groups submitted to a hyperglycemic and inflammatory condi-
tion, but the same behavior was not observed in the other groups of the experiment. Conclusion: It is concluded, therefore, that
alpha-tocopherol showed anti-inflammatory and antioxidant effects in this type of cell culture, attenuating the harmful effects of
the conditions in which the cells were subjected.

Keywords: Antioxidants, Diabetes Mellitus Inflammation, Oxidants, Primary Cell Culture, Vitamin E.

Background and Aims

Diabetes Mellitus (DM) is classified as
a complex metabolic disease that affects the
metabolism of carbohydrates, lipids, and pro-
teins [1]. In this sense, there is an increase in
accumulated lipoproteins and lipids in diabetic

people, resulting in significant changes in cel-
lular health [2]. In this way, many researchers
seek to understand the factors that stimulate
the development of diabetes. To do this, they are
classified into different types, the most common
of which currently are diabetes mellitus type 1
(DMTTI) and diabetes mellitus type 2 (DM TII) (3].

© 2020 The Authors. Romanian Journal of Diabetes, Nutrition and Metabolic Diseases published by Sanatatea Press
Group on behalf of the Romanian Society of Diabetes Nutrition and Metabolic Diseases. This is an open access article
under the terms of the Creative Commons Attribution License (CC-BY-NC-ND 3.0).



Studies indicate that for the development of type
2 diabetes, lifestyle, diet, and physical inactivity
are the main stimulating factors [4]. Type 1 dia-
betes, classified as an autoimmune disease, has
no apparent cause for its development, however,
genetic, epigenetic, and environmental aspects
have strong scientific indications [5]. However,
both conditions of diabetes present hypergly-
cemia as a predominant symptom [1-5]. This
symptom stems from an abnormal condition of
expression or recognition at the level of insulin
receptors [6].

Insulin is an anabolic hormone with the
ability to stimulate glucose uptake, mainly by
muscle and liver cells. Also, insulin increases pro-
tein synthesis and signals the cell’s pathways for
survival. However, dysfunction in its secretion
or its recognition results in a greater presence of
glucose in the plasma or the extracellular envi-
ronment [7, 8]. This presence of glucose, above
normal values, leads to an increase in reactive
oxygen species (ROS) and, therefore, oxidative
stress and, later, inflammation [9, 10].

Thus, the inflammatory condition,
established in diabetes, promotes several dys-
functions, such as cell death and parenchymal
degeneration and increased gland stroma [11].
The pancreas is the organ frequently injured in
this condition, however other glands also suffer
from hyperglycemia and the inflammatory con-
dition established by it [12-14]. The parotid gland,
for example, produces less saliva, leading to a
symptom known as xerostomia (presence of dry
mouth), in addition to the tissue impairments
already described [15]. In this sense, understand-
ing the hyperglycemic and inflammatory effects
on other glands can lead to a deeper understand-
ing of these conditions and their tissue and cellu-
lar consequences.

On the other hand, several studies seek
to develop efficient treatments in the process
of interrupting or reducing the damage caused
by oxidative stress or even by the inflammation
that occurs through this mechanism induced by
hyperglycemia [16-20]. Alpha-tocopherol, a mol-
ecule belonging to the family of fat-soluble vita-
mins (isoprenoids), appears as one of the main
substances most studied in this perspective [21,
22]. Recognized as a potent antioxidant agent, it

© 2020 The Authors

Rom J Diabetes Nutr Metab Dis. 2020; volume 27, issue 3

has been observed in other studies carried out in
humans and animals [23-26].

The mechanisms of action of alpha-to-
copherol are non-enzymatic, i.e.,, this vitamin
works in a way to prevent reactive oxygen spe-
cies from capturing electrons from other mole-
cules, especially the phospholipids present in cell
biomembranes [25].

However, few studies have observed the
effects of alpha-tocopherol in vitro conditions
[26], and even fewer studies have linked this vita-
min to the harmful conditions observed in type 1
diabetes and other autoimmune diseases or that
modify the metabolism glucose. The aim of this
study was to observe the antioxidant, anti-in-
flammatory, and cellular cytotoxic effects of
alpha-tocopherol in a culture of parotid gland
cells submitted to a condition similar to DM.

Material and Method
Experimental design and cell isolation

This study was approved by the ethics com-
mittee for research in animal models of the Fac-
ulty of Medicine of Jundiai (opinion No. 154/2016);
after approval, 12 mice of the Balb/C/Unib strain
were selected for this study. The animals were
kept ad libitum until the fifth week of life, with a
12/12 light/dark cycle. Upon reaching the predicted
week, they were euthanized using injectable ket-
amine (0.10 ml/body weight), intraperitoneally.
The parotid glands of these animals were extracted
and the process of cell isolation and cell culture of
these glands was sequentially followed.

The cell isolation protocol was performed
after the mechanical fragmentation of the tis-
sue, a process performed by the researchers in a
sterile environment and equipment with laminar
flow appropriate for cell culture. Sequentially,
the tissue was immersed in collagenase type 1
diluted in RPMI-1640 culture medium (1 mg/ml,
Sigma Aldrich). During the tissue dilution time,
the sample was stored in an incubator with a tem-
perature of 37°C and 5% Co,,.

After a period of three hours, the sample
was removed from the incubator and subjected
to the centrifugation procedure (Eppendorf
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centrifuge - model 5804/R) for 10 minutes at a
speed of 2000 revolutions per minute, at room
temperature. After that, the supernatant was
aspirated and the pellet was re-suspended in 5 ml
of RPMI-1640 cell culture medium (Sigma Aldrich)
plus 10% fetal bovine serum (Sigma Aldrich)
and 1% antibiotics (penicillin and streptomycin)
so that contamination of the material could be
avoided. Once the re-suspension was completed,
the material was added slowly to a falcon tube con-
taining Percoll (Sigma Aldrich) in different densi-
ties to isolate the different types of cells present
in the parotid gland. After the parenchymal cells
were separated from the stromal cells, a process
performed by the density of Percoll, the epithelial
cells were added in cell culture plates to observe
their development and proliferation.

Treatment of experimental groups

To observe the action of alpha-tocopherol
on the cells of the parotid gland, it was divided
into five groups, namely:

Group I: parotid gland cells without treat-
ment, simulating normal conditions
(with low glucose and without sup-
plementary treatments in the culture
medium);

Group II: cells of the parotid gland treated
with lipopolysaccharides (100 ng/ml)
to stimulate the inflammatory pro-
cess and the formation of oxidizing
agents, to observe the effects of the
condition similar to diabetes;

Group III: cells of the parotid gland
treated with lipopolysaccharides
(100 ng/ml) and alpha-tocopherol (20
mMol) to observe the effects of the
condition similar to diabetes and the
action of the anti-inflammatory and
antioxidant agent;

Group IV: cells of the parotid gland
treated with anhydrous glucose
(4.5 g/L) and lipopolysaccharides (100
ng/ml) to stimulate the hyperglyce-
mic and pro-inflammatory condition,
present in type 1 diabetes.
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Group V: cells of the parotid gland treated
with anhydrous glucose (4.5 g/L) and
lipopolysaccharides (100 ng/ml) and
alpha-tocopherol (20 mMol) to observe
the effects of the condition similar to
diabetes and the action of the anti-in-
flammatory and antioxidant agent.

Tests used to observe cellular effect

To observe the cellular effects caused by
the use of the substances described in the above
section "treatment of the experimental groups”
of the present research, the immunoblotting
tests for proteins involved in antioxidant and
inflammatory processes were used, as well as the
tests to verify the toxicity of alpha-tocopherol in
cell culture, primaries of this type.

All tests followed specific protocols based
on the recommendations of the manufacturers of
the products used in the present study.

Statistical treatment

The statistical treatment used in the
present study was Anova one way, taking p<0.05
as statistically significant events. All analyses
passed the Bonferroni verification test, assuming
the same value for p.

Results

The results obtained in this study were
classified in chronological order, presented as
they were collected, analyzed and verified, always
in triplicates. Initially, the evolution and devel-
opment of cell culture will be presented, through
the alpha-tocopherol cell toxicity test (IC-50).
Subsequently, the results of the quantification of
proteins involved in the processes of induction of
inflammatory state, response and cellular antiox-
idant defense will be presented.

After obtaining the cells, extracted from
the animals’ parotid glands, it was possible to
observe an adherence of the cells, in culture, from
the zero hour until five days after the extraction.

© 2020 The Authors
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Figure 1: Progression of adherence and cellular development of the cells of the parotid gland. Image A presents
immediate conditions after extraction and the Percoll protocol procedure. Image B indicates cell condition after
72 hours in an RPMI-1640 culture medium. Image C shows the condition of the cells after five days in RPMI-1640

medium. 10X magnification.

Graph 1: Proliferation of cells of the parotid gland treated with minimal dosages and above the recommendations
of the literature. The number of cells approximate times the power of 10°.

The results presented so far reflect only
the effects of cell isolation and alpha-tocopherol
as a non-harmful antioxidant to the cell culture
studied in this research. The results below, in
turn, express the data collected to observe the
treatments used in the study.

Discussion

DM is a chronic metabolic disease that
affects the gland tissues involved in insulin secre-
tion and glucose metabolism. One of the main
symptoms related to diabetes is the presence
of hyperglycemia, which is an important cause
of a chronic inflammatory state and stimulates

© 2020 The Authors

reactive oxygen species, among other radicals,
which are highly harmful to cellular structures
[27,28].

Thus, the preservation of organelles and
biomembranes of the cells affected by the harm-
ful conditions generated by hyperglycemia, in
addition to blocking the inflammatory condi-
tion, consists of an attempt to delay the harm-
ful progress of this condition [29]. In this sense,
alpha-tocopherol is an efficient complemen-
tary treatment in several experimental contexts
[21-23, 30].

Wallert and collaborators [31] observed
that alpha-tocopherol reduced the infiltration
of monocytes and neutrophils in the cardiac
tissue of C57BL/6 mice that suffered an acute
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Graph 2: Immunoblotting of proteins involved in cellular metabolism as an antioxidant and inflammation.
Nuclear factor erythroid 2-related factor 2 (NRF2) is short for type 2 nuclear erythroid factor protein. GPX-1/2 is
short for type 1 and 2 glutathione peroxidase protein. NF-kB is short for nuclear factor-kappa B. GAPDH is the

control protein for this type of test.

myocardial infarction. Besides, reductions in the
levels of reactive oxygen species and peroxidated
lipids were also observed. In the same perspec-
tive of improvement, Ozqiil and collaborators
[32]] found that the administration of 30 mg/kg
intraperitoneally, via alpha-tocopherol diluted
in saline to Sprague-Dawley animals with acute
pancreatitis, attenuated the harmful effects of
the disease and showed improvements in the
levels of lipase and amylase expressed in blood
plasma.

In the present study, the observed results
corroborate those available in the literature
[21-26, 30-32]. It was found that cell cultures
that were in contact with the prescribed dos-
ages of alpha-tocopherol 100 ng/ml) suffered less
cell death than the groups that were exposed to
harmful agents, LPS and hyperglycemia.

Another result of great importance was
the increase in the protein glutathione peroxi-
dase (GPX-1/2), available in intracellular medium
and involved in antioxidant processes of conver-
sion of hydrogen peroxide into water and oxy-
gen, a process mediated in conjunction with the
enzyme intracytoplasmic catalase, in groups
submitted to stressors [33]. In this sense, the LPS
group and hyperglycemia, group four, had the
highest levels of this protein.

218 https://doi.org/10.46389/rjd-2020-1040

Corroborating this, the same group
showed high levels of nuclear factor kappa B
(NfkB) expressed by the immunoblotting assay.
The NfkB is an important protein involved in the
inflammatory process cycle that induces the tran-
scription of the genes responsible for encoding
the cytokines interleukin 1, interleukin 6, and the
tumor necrosis factor in its most diverse isoforms
[34]. This is because, once NfkB is expressed, a
process that is mediated by the presence of stress,
free radicals, ultraviolet radiation, and harmful
microscopic agents, the ReLA p50 protein is stim-
ulated, which can penetrate the cell nucleus and
trigger the action of the RNA polymerase protein
on the transcription of genes related to pro-in-
flammatory proteins [35]. The cellular effects
observed after the installation of this complex
system are associated with greater cell death and
tissue necrosis, as well as decreased parenchyma
and increased tissue stroma [36].

From the observed results, it appears
that the cells of the parotid gland responded to
the presence of inflammatory agents by increas-
ing the intracellular antioxidant defense and by
signaling local inflammation, a fact that in an
organic perspective would trigger the advance of
mononuclear phagocytes to the signaled places to
fight the sources of inflammation [37].

© 2020 The Authors



Once the  alpha-tocopherol  was
administered, according to the experiment car-
ried out with group five, the expression of NfkB
decreased, without affecting the reduction of
GPX-1/2. It assumes that this behavior results
from ajoint action of antioxidant molecules, with
alpha-tocopherol acting in an extracytoplasmic
environment, preventing the stress of biomem-
branes, mainly cytoplasmic, and glutathione per-
oxidase acting inside the cell.

The importance of alpha-tocopherol is
recognized as an antioxidant that acts in the cel-
lular environment in an extracellular way [30].
Its main action as an antioxidant is to donate
electrons to unpaired radicals and thereby sta-
bilize them before they oxidize cell membranes
[24]. Subsequently, once the alpha-tocopherol is
oxidized, it is possible to reduce it again through
the union with other tocopherols present in the
extracellular medium or through the relation-
ship with ascorbic acid [38].

In a study published by Ausili and collabo-
rators [39], it was identified that alpha-tocopherol
is closely related to the lipid portion of biomem-
branes so that variations in the electronic
density profile of these cell structures are not
identified. Still, it was observed by the authors
that the alpha-tocopherol is located very close
to the lipid-water interface, a fact that corrob-
orates the observations made by other authors,
such as Quin, Yu, and Yu, who observed that the
alpha-tocopherol is located in this region of the
biomembrane. but it oscillates horizontally along
with the structure so that it is not restricted to a
single area [40].

Thus, it appears that alpha-tocopherol
showed antioxidant effects comparable to those
already documented in the literature, however,
the effects of this molecule were not known in
detail under the conditions experienced in this
study and the cells used.

Conclusion

Alpha-tocopherol showed antioxidant
effects and attenuated the inflammatory pro-
gression by decreasing the expression of the
nuclear factor kappa B (NfkB) protein in cells

© 2020 The Authors
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of the parotid gland of mice submitted to high
doses of glucose and lipopolysaccharides. There-
fore, further studies are needed to understand
the effects of this vitamin on animal and human
conditions.
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Abstract

Background and Aims: Diabetes and cardiovascular disease are the most common diseases in the world. Diabetes has many
complications and heart disease causes deaths worldwide. This study was aimed to investigate the effect of curcumin supple-
mentation alone and with aerobic training on Body Mass Index (BMI), insulin resistance and myeloperoxidase (MPO) level
in overweight women. Material and Method: In this randomized double-blind placebo-controlled trial, forty healthy sed-
entary overweight females aged 30—45 years and with a BMI 25-30 kg/m? were assigned to four groups of ten subjects each:
“Curcumin supplementation (Cur)”, “placebo (Pla)”, “Cur+aerobic training (Tra)” and “Pla+Tra”. The aerobic training pro-
gram comprised 3 days per week and Curcumin or placebo (500 mg/day) was administered in Cur and Cur+Tra groups in
8 weeks. Before and after intervention, BMI, HOMA-IR (Homeostatic Model Assessment-Insulin Resistance) and MPO enzyme
were measured. ANOVA and ANCOVA was used to assess differences between the groups. Results: The within-group anal-
ysis showed no significant difference in BMI, HOMA-IR and MPO in four groups (p>0.05). Aerobic training and curcumin
supplementation had no significant effect on BMI, HOMA-IR, and MPO levels in overweight middle-aged women (p>0.05).
Conclusions: These findings suggest the combination of curcumin supplementation with aerobic training has no significant
effect on BMI, HOMA-IR, and MPO levels in overweight middle-aged women. Further studies with different doses and longer
interventions are needed to clarify the results.

Keywords: Aerobic Training, Curcumin, Diabetes mellitus, Peroxidase.

Background and Aims The Nurses’ Health Study (NHS)
cohort study found that most women gain

In recent decades, due to inactive and
sedentary lifestyles, cardiovascular disease
(CVD) has increased [1, 2]. CVD is one of the
most important causes of mortality, world-
wide [3]. Although CVD mortality has reduced
in high-income countries, it is rising in low
and lower-middle-income countries [3].

weight through middle adulthood. The women
enrolled in the study were selected as a homo-
geneous population, predominantly caucasian,
with high socioeconomic status and having
a nurse occupation [4]. Other studies showed
the prevalence of obesity among women more
than in men, in developing countries [57]. This

© 2020 The Authors. Romanian Journal of Diabetes, Nutrition and Metabolic Diseases published by Sanatatea Press
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condition has an important effect on health
impairment, many diseases, and mortality [4, 8,
9]. Previous studies have shown the effect of over-
weight and obesity on insulin resistance index
[10]. Insulin resistance has been associated with
metabolic problems and some diseases [5, 11, 12].
The result of one study showed that aerobic train-
ing of eight weeks reduced insulin resistance in
obese women [13]. Therefore, aerobic training is
a good measure to control and improve the risk
factors of insulin resistance such as diabetes and
CVD [13].

Also, the results of some studies have
shown prolonged or short-duration high inten-
sity exercise causes increase of radical produc-
tion, oxidative stress, and damage to body cells
in active skeletal muscles [14]. Exercise-induced
oxidative stress increases the production of free
radicals. These free radicals are highly reactive
and have short half-lives therefore, are difficult
to measure [15]. As a result, the oxidative stress
markers are used to measure oxidative stress.
These markers indicate increase in free radi-
cals [15]. One of these markers is myeloperoxi-
dase (MPO). MPO is a myeloid-lineage restricted
enzyme that is largely expressed by neutrophils
and found in the azurophilic granules. According
to the results of some studies, this marker is also
produced in pathological conditions from mono-
cytes and macrophages [16]. MPO has powerful
antibacterial properties and defends humans
against various pathogens by phagocytosis. MPO
employs H,O, to produce hypochlorous acid
(HCIO) and other reactive parts, which destroy
pathogens during infections. In contrast, many
studies have shown elevated blood MPO level is
associated with inflammation, CVD, neurodegen-
erative, autoimmune, and cancer diseases [16-19].
In addition, some studies have also shown that
intense physical activity can cause degranula-
tion of neutrophils, leading to an increased blood
MPO concentration. Exercise-induced muscle
damage is associated with the activation of leu-
kocytes and onsets an inflammatory response.
Some studies have shown oxidative stress follow-
ing intensive training [20].

In recent years, many researchers have
paid attention to the use of spices on the pre-
vention and treatment of various diseases [21].
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Curcuminoids are one of the most important
anti-inflammatory agents in nature. It is found in
turmeric rhizomes, of Curcuma longa L. [21, 22].
Yellow pigments of curcuminoides are its main
active components [21]. It has many therapeu-
tic effects in various diseases including chronic
inflammatory diseases, obesity, depression, and
fatigue [21]. In metabolic syndrome, curcumin
can decrease leptin concentrations [23]. It is a bio-
active polyphenol found in turmeric rhizomes,
of Curcuma longa L., (Zingiberaceae), and has
multiple pharmacological actions [21, 22]. Yel-
low pigments of curcuminoides including 3-5%
of turmeric composed of curcumin, demethoxy
curcumin, and bisdemethoxy curcumin are main
active components [21]. There is an evidence that
curcumin is an anti-inflammatory agent, so, it
has many therapeutic effects in various diseases
including chronic inflammatory diseases of Alz-
heimer’s, Parkinson’s, multiple sclerosis, brain
injuries, CVD, types of cancer, allergies, asthma,
arthritis, obesity, depression, and fatigue [21].
In metabolic syndrome, curcumin can decrease
Body Mass Index (BMI), weight, waist circumfer-
ence and leptin concentrations [23].

A study showed that regular consump-
tion of curcumin with regular aerobic training
improves endothelial function significantly
[24]. This research has shown 150 mg curcumin
supplementation, daily, with aerobic training,
for eight weeks improves endothelial function
in healthy postmenopausal women [24]. In a
study of the effect of endurance training with
curcumin intake on the hemodynamics of the
central arteries of healthy postmenopausal
women, it was concluded that daily intake of
150 mg curcumin in combination with aerobic
training, three to six sessions per week for eight
weeks, reduced BMI significantly [25]. Evalu-
ation of the effect of curcumin on rheumatoid
arthritis patients showed that daily consump-
tion of 500 mg curcumin led to inflammatory
index of C-reactive protein [26].

Most studies have investigated the effects
of different training or curcumin supplemen-
tation, separately on myeloperoxidase levels.
No study has found a combination of them in
overweight middle-aged women. Therefore,
this study aims to answer the question whether
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aerobic training and curcumin supplementation
have an effect on myeloperoxidase enzyme levels
and body composition in overweight middle-aged
women.

Material and Method
Study design and patients

Forty healthy sedentary women (less than
30 minutes a day of moderate intensity physical
activity for three days a week [27], overweight,
and aged 30-45 years) participated in this study
who were referred to the comprehensive health
center or other health centers of Tehran Univer-
sity of Medical Sciences, located in Yaft-Abad dis-
trict. Participants were recruited only if they met
the following criteria: 24.9<BM1<29.9 Kg/m?, no
allergy to curcumin, no pregnancy, non-smok-
ing, no tobacco and hookah consumption, no
following a special diet, no underlying or infec-
tious disease, no known history of high blood
lipid without medication, cardiac failure, taking
anti-inflammatory drugs, severe endocrine or
metabolic disorders, hospitalization for any rea-
son, and no intake of dietary supplements and
herbal tea. All volunteers completed a self-ad-
ministered questionnaire on demographic, phys-
ical activity, exercise, dietary intake, lifestyle
information, and health history prior to the
study. While none of the study participants were
trained in physical activity or aerobic exercises of
any form and type in the past 6 months.

In this method a simple randomizing
model like drawing of lots was employed. In this
case, the sample was categorized in control and
intervention group according to the result of lots.
The Fleiss equation for sample volume estima-
tion was used in this survey in order to approxi-
mate the volume of sample; in which the power
of experiment, alpha of equation and the aver-
age alteration were 0.8, 0.05 and 5, respectively.
According to the conducted estimation, the sam-
ple size was calculated 8.81. To be more cautious,
among the overweight volunteer women ten per-
sons were chosen as the experimental group.

A double-blind, placebo-controlled,
clinical trial was used and performed from
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January to March 2018. The participants
randomly underwent, in one of laboratory-based
trials, in four randomized orders by a list pre-
pared with a random number generator in four
groups of ten: (1) placebo supplementation (Pla),
(2) curcumin supplementation (Cur), (3) cur-
cumin supplementation besides aerobic train-
ing (Cur+Tra), and (4) placebo supplementation
besides aerobic training (Pla+Tra). The Cur and
Tra groups, took two curcumin capsules in a
day (500 mg/day) and the Pla and Pla+Tra groups
received a placebo every day, for eight weeks.

This study was approved by the Ethical
Committee at the Azad University - Tehran Branch
and registered in the Iranian Registry of Clin-
ical Trials (NO: IR.SSRI.REC.1397.209). Written
informed consent was obtained from all partici-
pants at the beginning of the study.

Laboratory, anthropometric and clinical
data collection

Height and weight were measured using
portable measuring rod and electronic digital
scales (Beurer BG55 Digital Scale, RU), accurate
to 0.1 kg, respectively. Anthropometric indexes
were measured by one observer. Subjects were
in light clothing and no shoes and height was
measured in the standing position. BMI was cal-
culated as body weight (kg) divided by squared
height (m?. Then, subjects were categorized as
underweight, normal weight, overweight, or
obese according to the international classifica-
tion used by the WHO [28].

Venous blood samples were taken from
the left vein in the sitting position in the early
morning after overnight fasting. For measuring
serum blood markers, samples were centrifuged.
The glucose oxidase method (Using the Spanish
Biosystems glucose measurement Kkit) Fasting
blood insulin levels were estimated by Enzyme-
Linked Fluorescence Assay (ELFA) method
(TOSOH Kkit, Japan) in all the study participants.
The insulin resistance index was calculated by
the following formulas: HOMA-IR=Fast insu-
lin (uU/ml) xFast blood glucose (mmol/L)/22.5.
Plasma MPO concentration was determined
by immunoassay using a commercial kit
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(Immunology Consultants, Laboratory, Inc.,
Newberg, USA). Intra-assay and assay-inter
values were 2.8% and 6.5%, respectively. The
separation and recovery limit of this assay was
0.121 ng/ml and 86.7%, respectively.

Turmeric powder was provided by the
reputable brand of Golha Company (Iran) in super-
vision of Analysis center of the institute of medic-
inal plants. 5000 g of the powder was poured into
5000 m180°C alcohol. The Percolation method was
used for the extraction of alcohol. After 24 hours,
the contents were smoothed using a Buchner
funnel and ordinary filter paper. The extraction
efficiency was 10%. The powder was dispersed
in a suitable solvent (80% ethanol) to prepare the
drug form. After expanding, breadcrumbs were
used as expanders and fillers to achieve proper
fluidity. Based on previous clinical studies, an
effective dose of 250 mg of the ethanolic extract
is estimated to be 80%. Total curcuminoids have
been estimated at 75-85% in previous studies [29].
Therefore, 250 mg capsules (00 short stays manu-
factured by Iran Gelatin Company) were prepared
with a semi-automatic encapsulating machine.
The Pla and Pla+Tra groups received two placebo
capsules per day, which were similar in shape and
color and made of an equivalent dose of starch.
The study duration was eight weeks and all sub-
jects were instructed not to alter their dietary hab-
its during this period.

Participants in the Cur+Tra and Pla+Tra
groups underwent aerobic training (three days
per week for eight weeks) in a gym. The aero-
bic capacity of the subjects was examined by a
6-minute Rock-Port test. The maximum heart
rate for each person was estimated as equal to
208-0.7x(age) [30]. In the training session, first,
the subjects did warm up stretching exercises for
6 minutes, then were running continuously on
the treadmill, at a speed of 7 km/h, by heart rate
50-80% of maximum, for 20 minutes. Their heart
rate was monitored by a polarimeter (Polar: Fin-
land, within a 5% error rate of a heartbeat) during
running, to keep it in the specified intensity. This
intensity was individualized. Every person had
certain intensity. The Youngers run with higher
intensity and the older ones run with lower
intensity. In each of the next sessions, 90 seconds
were added to the running time. The training
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intensity was controlled using a belt heart rate
sensor (polar beat). Subjects in the Cur and Pla
groups were instructed not to change their level
of physical activity.

Statistical analysis

The mean+SD were used to describe the
results. The Kolmogorov-Smirnov test was used
to determine the distribution of data. Covari-
ance test was used to determine the effectiveness
of independent variables on the dependent vari-
ables. 95% confidence level was considered and
p-value was considered significant at 0.05 level.
Statistical analysis was performed using SPSS 22
software (SPSS Inc., USA).

Results

The mean+SD of age, weight, height, BMI,
HOMA-IR, and MPO of subjects in the pre-test are
presents in Table 1, and Pre-test and post-test val-
ues of the studied variables in the subjects have
been shown in table 2. The Kolmogorov-Smirnov
test was used to check for normality of distribu-
tion of all variables. The distribution of these vari-
ables did not differ significantly from normal.

Baseline characteristics of the participants in different
groups

The results of ANOVA test on BMI,
HOMA-IR, and MPO of subjects in pre-test are
given in Table 3. As seen, the results are not sig-
nificant for any of the variables (P>0.05) in base-
line between groups.

The effects of aerobic training, curcumin, and their
interaction on variables

The results of analysis of covariance to
determine the effect of aerobic training and cur-
cumin supplementation on MPO enzyme levels,
HOMA-IR, and BMI in overweight middle-aged
women are presented in the table 4.

© 2020 The Authors



Rom J Diabetes Nutr Metab Dis. 2020; volume 27, issue 3

Table1: The central indices and distribution of individuals in the pre-test?

Groups

Variables

Cur Pla Cur+Tra Pla+Tra
Age,y 38.9+5.40 40.6+3.71 35.8+3.22 38.2+5.67
Height, m 159.09+4.64 162.3+4.91 162.44+4.36 159.58+6.98
Weight, kg 67.31£6.54 71.31+5.73 74.45+6.63 70.37+9.23
BMI, kg/m? 26.96+1.90 27.21+1.43 28.18+1.70 27.52+1.70
HOMA-IR 2.00+£1.22 1.72+0.91 1.78+0.64 2.12+0.82
MPO, ng/ml 9.33+2.73 8.78+3.13 9.86+3.81 9.15+3.6

Abbreviations: BMI, body mass index; MPO, myeloperoxidase; Cur, Curcumin; Pla, Placebo; Cur+Tra,

Curcumin+Training; Pla+Tra, Placebo+Training; HOMA-IR, Homeostatic Model Assessment for Insulin
Resistance;

2Values are expressed as mean+SD;

Table 2: Pre-test and post-test values of the studied variables in the subjects?

Groups

Variables Cur Pla Cur+Tra Pla+Tra

Pre-test Post-test Pre-test Post-test Pre-test Post-test Pre-test Post-test
BMI, kg/m? 26.96+1.9 26.51+1.8  27.21+1.4  26.80x1.5 28.18+1.7 27.94+1.5 27.52+1.7 27.06+1.8
HOMA-IR 2.00+1.2  1.70+0.6 1.72+£0.9 2.04+£1.1 1.78+0.6 1.62+0.5 2.12+0.8 1.73+0.4
MPO, ng/ml 9.33+2.7 10.16+2.7 8.78+3.1 8.75+3.2 9.86+3.8  11.09+4.1 9.15+3.6  10.24+3.8

Abbreviations: BMI, body mass index; MPO, myeloperoxidase; Cur, Curcumin; Pla, Placebo; Cur+Tra,
Curcumin+Training; Pla+Tra, Placebo+Training; HOMA-IR, Homeostatic Model Assessment for Insulin

Resistance;
2 Values are expressed as mean+SD;

Table 3: ANOVA test results on BMI, HOMA-IR, and MPO of subjects in pre-test

variable si}iln;:efs Df az:zz%‘z:f F P Value?

BMI, kg/m? Inter-group 8.397 3 2.799 1.073 0.373
Within-group 93.916 36 2.609
Total 102.313 39

HOMA-IR Inter-group 1.71 3 0.57 1.454 0.244
Within-group 558 36 5158
Total 7.24 39

MPO, ng/ml Inter-group 6.058 3 2.019 0.180 0.909
Within-group 403.846 36 11.218
Total 409.904 39

Abbreviations: BMI, body mass index; MPO, myeloperoxidase; HOMA-IR, Homeostatic Model Assessment for
Insulin Resistance;

2P values were considered significant, statistically, less than 0.05.
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Table 4: ANCOVA results on the effect of intervention on studied variables in subjects

variable factor ss(;:allf:!f; Df
BMI, kg/m? Pre-test 4.11 1
group 15.48 3

HOMA-IR Pre-test 5.53 1

group 1.71 3
MPO, ng/ml Pre-test 2.07 1
group 44.61 3

average of F Sig.s E.‘.ffect
squares Size (p)
4.11 1.53 0.220 0.407
5.16 1.92 0.134 0.057
5858 14.08 0.001 0.287
1.71 1.454 0.244 0.111
2.07 0.194 0.661 0.337
14.87 1.38 0.254 0.187

Abbreviations: BMI, body mass index; MPO, myeloperoxidase; HOMA-IR, Homeostatic Model Assessment

for Insulin Resistance;

2P values were considered significant, statistically, less than 0.05

Based on the results in Table 4, it was
revealed that pre-test did not have any significant
effect on BMI changes in overweight middle-aged
women. That is, after eliminating the pre-test
effect, there was no significant difference between
the mean BMI in the groups. Accordingly, it was
found that after eliminating the pre-test effect or
the same covariance factor, there was no differ-
ence in mean BMI. Therefore, aerobic training and
curcumin supplementation and the combination
of these two interventions have no effect on over-
weight middle-aged women’s BMI. Also, by remov-
ing the effect of insulin resistance values in the
pre-test as the covariate variable, the main effect of
group variables on the post-test scores was not sig-
nificant (F=1.454, P=0.244, u=0.111). In other words,
there was no significant relationship between aero-
bic training and curcumin supplementation in sub-
jects and their mean HOMA-IR (P>0.05) between
groups. The results of covariance analysis showed
that pre-test had no significant effect on MPO
enzyme level changes in samples. Accordingly, it
was found that after eliminating the pre-test effect
or the same covariance agent, there was no dif-
ference between the mean levels of MPO enzyme
(F=0.194, P=0.661, u=0.337). Thus, curcumin supple-
mentation, alone, does not affect the level of MPO
in overweight middle-aged women.

Discussion

In the current study, the influence of aer-
obic training and curcumin supplementation
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on myeloperoxidase enzyme levels, BMI, and
HOMA-IR in overweight middle-aged women
was investigated. Overall, the results of this study
showed that aerobic training and curcumin sup-
plementation had no significant effect on myelop-
eroxidase enzyme levels, BMI, and HOMA-IR in
overweight middle-aged women.

According to the findings of this study,
aerobic training and supplementation of cur-
cumin had no significant effect on myeloperox-
idase in overweight middle-aged women. The
results of this hypothesis are in line with the
research of Dastani et al. [31], and Duzova et al
[32]. In a study of the effect of a selected station-
ary training course on plasma myeloperoxidase
in inactive women by Dastani et al. it was shown
that intra-group changes in serum myeloper-
oxidase levels were not significant in any of the
experimental and control groups. Also, inter-
group changes were not statistically signifi-
cant. Duzova et al. investigated two methods of
continuous moderate training (60 minutes) and
intense running (20 minutes) on treadmill in
rats for five weeks. Results of the study did not
report a significant change in plasma and mus-
cle MPO in rats in any of the groups [32], which is
consistent with the results of the present study.
In contrast, Morozov et al., when performed
very intensive training in rats with a program
including repetitive swimming by adding rats,
concluded that very intensive training increased
the MPO level of muscle immediately and 24 h
after training [33]. It seems that these results
are inconsistent with the results of the present
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study, and it may be due to the type of training
and the duration of activity in this study. Also,
the results of this study showed that 8 weeks of
curcumin supplementation and aerobic exer-
cise decreased the insulin resistance index and
body mass index after the intervention but this
decrease was not significant (P>0.05). A study
by Maithilikarpagaselvi et al. in mice showed
that curcumin consumption after 10 weeks sig-
nificantly decreased the insulin resistance index
[34]. This result is similar to results of Sh ao
et al.[35] and Teich et al. [36] studies. In Shao
study, the duration of curcumin intake was 28
weeks. The studies of Bai [37] and Azza [38] have
shown similar findings. But, none of the studies
reviewed showed inconsistent results with the
above findings.

On the other hand, various studies have
shown the effect of aerobic training on insulin
resistance index. A study by Nezamdoust et al.
on type 2 diabetic patients shows that 12 weeks of
aerobic training for three sessions per week has a
significant relation with insulin resistance index.

This study was a short-term trial that it
is unclear whether curcumin supplementation
will have significant effects on BMI, HOMA-IR, or
MPO in the longer term or not. This is a limitation
of this study. Also, the impact of different levels of
doses was not investigated in the current research.

It is recommended to investigate the
effect of strength training (or interval training)
and curcumin supplementation on myeloperoxi-
dase enzyme levels, BMI, and HOMA-IR in over-
weight middle-aged women.

Conclusions

The results of this study conducted showed
that independent variables (aerobic training and
curcumin supplementation) had no significant
effect on the dependent variables (MPO enzyme
and BMI). The results of this study were compared
with previous research. The findings of this study
appear to be inconsistent with previous studies.
Some similar studies showed that these indepen-
dent variables had a significant effect and others
showed no significant effect. However, different
reasons can be considered such as age, animal
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subjects to humans, intensity of training, amount
of supplementation and others. Therefore, it is
suggested that these two variables should not be
used to control MPO and BMI.
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Introduction: Nowadays, due to a multitude of physical and psychological factors, more and more patients suffer from dental
wear. The overlapping of metabolic disorders often leads to oral effects that generate major functional and esthetic inadverten-
cies, which can be challenging even for experienced clinicians. Case Report: We present a senior female patient with type 2 diabe-
tes mellitus and severe anterior dental wear associated with poor oral hygiene, periodontal disease, and tooth loss in the posterior
dental arches. After general health evaluation, surgical, periodontal and endodontic treatments were conducted, followed by a
combined prosthodontic rehabilitation treatment plan which involved the conventional and digital fabrication of dental resto-
rations. Conclusions: Clinical results showed that the esthetic and functional outcome of the treatment was achieved even when
combining the two methods (digital and conventional) of fabricating dental restorations and the so-called sixth complication of
diabetes, the periodontal disease was diminished, due to optimal hygiene allowed by the design of the restorations.

Keywords: Type 2 diabetes, severe dental wear, CAD/CAM restorations.

Introduction

Diabetes has reached the status of
being one of the most prevalent noncommuni-
cable diseases of senior people [1]. As a result,
the health concerns are serious due to the large
number of older patients that require den-
tal treatments that, among other associated
health problems, present metabolic diseases.
Depending on the type of diabetes, the den-
tal approach needs to undergo specific steps.
The prevalence of type 1 diabetes is relatively
low compared to the total number of diabetic
patients and represents approximately 5% [2].
However, it is estimated that worldwide, 1 out
of 11 people have a metabolic disease, out of
which 90% fall in the type 2 diabetes (T2D) cate-
gory [3]. Theleading causes of a drastic increase
in the T2D cases range from bad eating habits,
lack of physical activity, and population aging
[4, 5]. One of the main concerns regarding T2D

is represented by the fact that the disease occur-
rence precedes the diagnosis by several years
[6]. This leads to an increased risk of develop-
ing complications that impact both the overall
health and dental status [7]. T2D reduces the life
expectancy of patients and, in association with
other risk factors such as genetic predisposition
and high body mass index, leads to millions of
deaths annually [8, 9].

Another common characteristic of the
senior population is represented by the wear of
the teeth that are still present in the oral cav-
ity. The progression of the wear is usually con-
stant throughout life and influences the ability
to efficiently chew the food [10, 11]. The most
common factors that lead to tooth wear are rep-
resented by the mechanic grinding of opposing
teeth structures (attrition), wear due to contact
with structures other than teeth (abrasion), and
loss of tooth structure due to chemical agents
(erosion) [12,13].

© 2020 The Authors. Romanian Journal of Diabetes, Nutrition and Metabolic Diseases published by Sanatatea Press
Group on behalf of the Romanian Society of Diabetes Nutrition and Metabolic Diseases. This is an open access article
under the terms of the Creative Commons Attribution License (CC-BY-NC-ND 3.0).



Rotar R et al. Digital and Conventional Approach for the Treatment of Severe Anterior Dental Wear in a Type 2 Diabetes Patient

Although tooth wear starts from an early
age, it usually becomes evident in the later stages
of life, and in some cases, the development of the
process is so advanced that it drastically dimin-
ishes the function and esthetics of the teeth [14-
16]. The overlapping of metabolic diseases such
as T2D, through its influence on teeth supporting
structures, may lead to severe tooth mobility, and
without a systematic periodontal and prostho-
dontic treatment, the outcomes will lead to the
loss of the afflicted teeth [17].

Prosthetic rehabilitation of patients with
T2D and severe anterior tooth wear can be a chal-
lenging situation, and this case report illustrates
the functional and esthetic outcome achieved
with a combination of digital and conventional
methods for dental prostheses fabrication.

Case report

A 63 years old female patient with T2D
was addressed to the Department of Prosthodon-
tics of the Faculty of Dentistry from Timisoara,
and the main complaint was major esthetic prob-
lems in the anterior arch as well as functional
problems in the lateral areas.

All papers regarding personal data pro-
tection, informed consent for the treatment,
and the acceptance for digital photography were
signed by the patient, and the medical and dental
history was investigated. The anamnesis revealed
a T2D metabolic disorder diagnosed at the age of
59, which has never been under rigorous control
(HbAlc=7.1%). The main identified cause for the
increased glycemic index was the increased daily
sugar intake. The physical examination showed a
height of 161 cm and a bodyweight of 72 kg with a
BMI of 27.8.

During the first appointment, the clini-
cal examination was performed. The extraoral
examination showed no evident asymmetries,
adequate muscle coordination, medium-high
smile line, and accentuated perioral folds due to
the decreased vertical dimension of occlusion.
The was no visibility of upper anterior teeth in
the rest position due to excessive wear (Figure 1).
No pain was reported in the temporomandibular
joint, the lymph nodes were not palpable, and the
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Figure 1: At presentation, in the rest position, there is
no visibility of front upper teeth.

mouth opening amplitude was within normal
limits.

The intraoral examination revealed gin-
givitis in the area of mandibular anterior teeth,
fixed dental prostheses in the posterior mandible,
and wear of all upper anterior teeth (Figure 2).

The main objectives of the treatment
were the prosthodontic rehabilitation of the
function and the esthetics and also the control
of periodontal disease, facilitated through the
design of the final restorations.

The first step included a set of prelimi-
nary alginate impressions which were poured and
mounted in a semi-adjustable articulator (Artex,
AmannGirrbach). The occlusal analysis showed
increased tooth wear in the upper frontal arch
associated with occlusal interferences. A max-
illary diagnostic wax-up was manufactured in
the dental laboratory with an increased vertical
dimension of occlusion (VDO) of 3 mm. Based on
this wax-up, direct provisional restorations were

Figure 2: Excessive wear of upper front teeth.
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manufactured (Luxatemp, DMG) and assessed for
esthetics and acceptance from the patient.

Upon the patient’s approval, the sec-
ond phase of the treatment was initiated, which
involved the removal of the old fixed dental pros-
theses and the periodontal and endodontic treat-
ment of the remaining abutments.

Next, another set of direct provisional res-
torations was made and set in place with a tempo-
rary luting cement for three weeks, allowing the
patient to adjust with the increase in the VDO.

A combined conventional and digital
treatment plan was chosen. The reason behind
the treatment plan was to offer the best possi-
ble outcome with the limited financial resources
provided by the patient.

Forthelateral arches, metal-ceramic fixed
partial restorations were placed on the remain-
ing abutments. Due to the old restorations’ previ-
ous design, the abutments were prepared with a
‘no shoulder’ finish line. Then, the design of the
fixed partial dentures followed the design of the
provisional restorations. The final restorations
were adjusted and luted with temporary cement.
During these stages, the provisional restorations
were kept in place on the upper frontal arch.

Next, for the upper front teeth with wear,
aminimally invasive approach was implemented,
with four rounded shoulder crown preparations
on the incisors and a veneer preparation on
the canine. Also, the minimal reduction of the
teeth surfaces avoided the endodontic treatment
(Figure 3).

The preparations were scanned with the
intraoral scanner (PlanScan, Planmeca), obtain-
ing the digital model (Figure 4). All the digital
design steps were followed, including scanning

Figure 3: Conservative preparation of the front teeth.

© 2020 The Authors
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the opposing arch and occlusion, placement of
the finish lines, and designing the final ceramic
restorations (Figure 5).

Figure 4: Digital model obtained after intraoral scan-
ning with PlanScan (Planmeca).

Figure 5: Digital design for one veneer and 4 crowns
obtained with PlanCAD Easy (Planmeca).
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After in-office milling (with Planmill 40,
Planmeca) of leucitic ceramic blocks (Empress
CAD Multi ceramic blocks) (Figure 6), an initial
clinical trial of the restorations was performed,
and some minor adjustments were made and
then sent for glazing to a dental technician.

Adhesive cementation protocol was con-
ducted with light-curing resin cement (Vario-
link Esthetic LC, Ivoclar, Vivadent), and the final
result brought satisfaction to the clinician’s team
and also to the patient.

Discussion

In general, the patients who suffer from
a metabolic disease such as T2D can be treated
in the dental office without significant compli-
cations. The key to a successful treatment is

Figure 6: Empress CAD multi block, after removal from
the milling machine.

the constant check-up of the glycemic values
combined with the appropriate medication, the
cooperation, and involvement of the patient
being of the utmost importance to keep the dis-
ease under control [5].

Prosthodontic treatment is not necessary
in all cases of tooth wear. Factors related to the
severity of tooth wear relative to the age of the
patient, the etiology, the symptoms, the progres-
sion rate, and the patient’s expectations should be
taken into consideration in the attempt to decide
the treatment [18-20]. Metal-ceramic fixed dental
prostheses were selected for the lateral area since
they seem to be the safest choice in cases of high
load conditions. Individual ceramic restorations
were selected in the anterior arch because torque
forces are minimized. Even if cementation fail-
ure occurs, detection and repair would be easier
in crowns than in multiple unit bridges, where a
single abutment de-cementation is challenging to
be detected. Moreover, all-ceramic restorations
provide superior esthetic results and sufficient
strength as long as the occlusal contacts are ade-
quately balanced.

Conclusions

Proper occlusal adjustment of the
metal-ceramic restorations, a protective stabi-
lization splint, and frequent recall and mainte-
nance visits minimize the incidence of clinical
complications. This is even more imperative in
the cases of patients who have an overlapped
metabolic disease due to its significant influence

Figure 7: Empress CAD multi ceramic restorations after adhesive cementation on upper front teeth.
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on teeth supporting structures. The involvement  10-
of the patient in maintaining oral hygiene and
also the glycemic values within normal limits is
the only way for having long-lasting restorations.
Conflict of Interest 5
The authorsdeclare no conflict of interest.
13.
References
1. K. Denys, M. Cankurtaran, W. Janssens, and M. Petrovic, “Met- 14
abolic syndrome in the elderly: an overview of the evidence,” ’
Acta ClinicaBelgica, vol. 64, no. 1, pp. 23-34, 2009.
2. ADA. Classification and diagnosis of diabetes. Diabetes Care 40:
S11-S24, 2017. 15
3. International Diabetes Federation. IDF Diabetes Atlas — 7th '
Edition. DiabetesAtlas http:/www. diabetesatlas.org/ (2015).
4. Holman, N., Young, B. & Gadsby, R. Current prevalence of typel 16
and type 2 diabetesin adults and children in the UK. Diabet Med. '
32, 1119-1120 (2015).
5. Bruno, G. et al. Incidence of type 1 and type 2 diabetes in adults
aged 30-49 years: the population-based registry in the province
of Turin, Italy. Diabetes Care 28, 26132619 (2005). es. 2018
6. GBD 2015 Risk Factors Collaborators. Global, regional, and 7 ’ )
national comparative risk assessment of 79 behavioural, envi- '
ronmental and occupational, and metabolic risks or clusters of
risks, 1990-2015: a systematic analysis for the Global Burden of 18
Disease Study 2015. Lancet 388, 1659-1724 (2016). '
7. NCD Risk Factor Collaboration. Worldwide trends in diabetes
since 1980: a pooled analysis of 751 population-based studies 19
with 4.4 million participants. Lancet 387, 1513-1530 (2016). ’
8. GBD 2013 Mortality and Causes of Death Collaborators. Global,
regional, and national age-sex specific all-cause and cause-spe- 2
cific mortality for 240 causes of death, 1990-2013: a systematic '
analysis for the Global Burden of Disease Study 2013. Lancet 385,
117-171 (2015).
9. Roglic, G. & Unwin, N. Mortality attributable to diabetes: esti-
mates for the year 2010. Diabetes Res. Clin. Pract. 87, 15-19 (2010).
© 2020 The Authors Romanian Journal of Diabetes, Nutrition and Metabolic Diseases :: www.rjdnmd.org



https://doi.org/10.46389/rjd-2020-1043
www.rjdnmd.org

 OWBET
> T

Rom J Diabetes Nutr Metab Dis
2020; volume 27, issue 3, pages 294-297 %,

3 ks
1957

Case Report

Diagnosis and Management of Pheochromocytoma
in a Resource-Challenged Setting: A Case Report

Esohe Odutayo'?, ljeoma Onyinye Ohuche'?*, Muhammad Faruk Bashir'2, Abel Olumuyiwa
Alonge'?, Nuraddeen lbrahim'2, Laila Matogah Adutwum'?, Adele Bodieu Chetcha'?, Mawse
Amouzouvi-Sadji'2, Elizabeth Eberechi Oyenusi?®, Olumide Abiodun Elebute?*, Felix Makinde
Alakaloko?, Adesoji Oludotun Ademuyiwa?*, Abiola Olufunmilayo Oduwole??, Ibironke Desalu?®

! Paediatric Endocrinology Training Centre for West Africa, Lagos Nigeria

* Lagos University Teaching Hospital, Lagos, Nigeria

* Department of Paediatrics, College of Medicine, University of Lagos, Nigeria
¢ Department of Surgery, Paediatric Surgery Unit, College of Medicine, University of Lagos, Nigeria
* Department of Anaesthesia, College of Medicine, University of Lagos, Nigeria

*Correspondence to: [jeoma Onyinye Ohuche, Paediatric Endocrinology Training Centre for West Africa, Lagos Nigeria.

E-mail: ijeomaohuche@gmail.com. Phone: +234 806 763 8748

Abstract

Received: 9 April 2020 / Accepted: 17 July 2020

Phaeochromocytoma (PCC) is a rare catecholamine-secreting tumor derived from the sympathetic nervous system’s chromaffin

cells. Pheochromocytomas are exceptionally rare in children and are responsible for about 1% of pediatric hypertensive patients

[1]. They arise most commonly in the adrenal glands (approximatively 85% of tumors)[1] but may also arise from chromaffin cells

of the sympathetic nervous system, known as paragangliomas (PGLs). The tumors are more common in boys than girls, with a 2:1
ratio of boys to girls in pediatric PCC/PGL cohorts [2]. PCC/PGL often occur as sporadic tumors, but may sometimes occur as part
of hereditary tumor syndromes, mainly Von Hippel Lindau (VHL) disease and multiple endocrine neoplasia (MEN) type 2A and
2B [1]. About 50% of cases are missed and discovered at autopsy because the diagnosis was not considered at presentation [3]. We
report this case of phaeochromocytoma to draw the attention of clinicians in our environment to this unusual cause of pediatric

hypertension and the need for a thorough investigation of the hypertension etiology of in children. We also underline the fact that

this feared tumor can be successfully managed even in areas with limited resources, such as ours. Finally, we encourage physi-
cians to measure blood pressure of children presenting to their clinics.

Keywords: Phaechromocytoma, pediatric, hypertension.

Case Report

A l4-year old girl presented to the
pediatric clinic with complaints of recur-
rent headaches, visual disturbances, and an
incidental finding of elevated blood pressure
(BP), during a home-measurement of blood
pressure by her mother, who is a nurse. She
first presented to a pharmacy shop where
anti-hypertensives were given to her. How-
ever, her blood pressure remained high. She

subsequently developed palpitations and exces-
sive sweating, necessitating admission to the
pediatric cardiology clinic where examination
findings included elevated blood pressure,
ranging from 150/120 to 220/150mmHg at repeat
measurements, an irregular heartbeat, and a
displaced apex beat at the sixth left intercostal
space, at the mid-clavicular line. Following an
assessment of hypertensive heart disease (sec-
ondary hypertension), a series of investiga-
tions were requested.

© 2020 The Authors. Romanian Journal of Diabetes, Nutrition and Metabolic Diseases published by Sanatatea Press
Group on behalf of the Romanian Society of Diabetes Nutrition and Metabolic Diseases. This is an open access article
under the terms of the Creative Commons Attribution License (CC-BY-NC-ND 3.0).



Chest X-ray, electrocardiography (ECG),
serum electrolytes and thyroid function tests
were normal. Two-dimensional echocardiog-
raphy showed a structurally normal heart with
mid-left ventricular hypertrophy but good
biventricular contractility. The ophthalmolog-
ical assessment was normal, and cranial com-
puted tomography (CT) showed no abnormality.
The abdominopelvic ultrasound scan showed
a left extrarenal pelvis and a right aortocaval
mass, which was identified by an abdominal CT
scan as a right adrenal phaeochromocytoma.
Urinary normetanephrine was markedly ele-
vated: 46642 nmol/24h (450-1709 nmol/24h),
with a normetanephrine-to-creatinine ratio of
5481 (21-308). However, urinary metanephrine
was within normal limits: 366 (100-1262 nmo-
1/24h), with a urine metanephrine-to-creatinine
ratio of 43 (26-188).

Shewasmanagedwithanti-hypertensives—
acombination of an alpha-blocker (prazosin) and a
beta-blocker (propranolol), which was started two
days after the commencement of the alpha block-
ade. She subsequently had near-total adrenalec-
tomy two months after the initial presentation.
A variegated firm to hard, right suprarenal gland
tumor was found intra-operatively, adherent to
the adventitia of the posterior wall of the inferior
vena cava (IVC), and displacing it anteromedially.
The mass was free from other surrounding struc-
tures. The IVC, right renal, and supra-renal veins
were distended. Intraoperatively, she had blood
pressure surges and dysrhythmias; hypertension
was controlled using magnesium sulfate infusions
and labetalol. The diagnosis of phaeochromocy-
toma was confirmed by histology of the sample.
Following surgery, all symptoms resolved over
ten weeks. Biochemical markers have all returned
to normal reference ranges and the patient is sta-
ble on follow-up. Other family members are yet to
be screened due to financial constraints.

Discussion

This case highlights the diagnosis of a
rare adrenal tumor, phaeochromocytoma in a
pediatric patient. This was an incidental find-
ing, following a thorough evaluation of an

© 2020 The Authors
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adolescent female with an incidental finding of
hypertension after monitoring blood pressure
at home.

Phaeochromocytomas are rare neuro-
endocrine tumors, with an incidence of 1 per
100.000 population reported in the United States,
with pediatric cases accounting for 10 to 20% of
all cases in the US [4]. Some reviews of pediatric
cases have shown that pediatric phaeochromocy-
tomas account for 8.86% of all cases of PCC/PGL
[2]. Besides, they account for 1.1 to 11% of adrenal
masses found incidentally [5].

Cases are more common in males than
females, with a male-to-female ratio of 2:1 [6].
Incidence peaks between 9 and 12 years of age [6],
with a median diagnosis age of 13 years [2].

Our patient presented with all of the four
characteristic features of the tumor: headaches,
palpitations, excessive sweating, and severe
hypertension [4]. Hypertension from phaeo-
chromocytomas accounts for 0.5 to 2.5% of all
pediatric hypertension [7] and has been shown
to be present in 80-90% of children at diagnosis.
Some studies have demonstrated that sustained
hypertension (rather than paroxysmal), is seen in
up to 90% of pediatric patients with phaeochro-
mocytoma [8]. The diagnosis is, nevertheless,
an important cause of correctable hypertension
in children [5]. Headaches are the most frequent
symptoms in children, and are present in about
75% of patients, while palpitations are present in
about 64% of cases [4].

Diagnosis of this rare and extremely
perilous tumor requires a high index of suspi-
cion since up to half of the cases are discovered
at post-mortem examinations. Therefore, the
diagnosis should be considered in any patient
presenting with symptoms of excessive cate-
cholamine secretion such as hypertension, pal-
pitations (with tachycardia or, less frequently,
reflex bradycardia), and excessive and inappro-
priate diaphoresis. Other less common symp-
toms include orthostatic hypotension, excessive
anxiety, paleness of the face and upper body,
tremors, heat intolerance, and, rarely, seizures
[3]. Unfortunately, in our environment with
high medical costs and lack of health insurance,
presentation to a pharmacy with the purchase
of over-the-counter medications is usually the

295



Odutayo E. et al. Diagnosis and Management of Pheochromocytoma in a Resource-Challenged Setting: A Case Report

first line of treatment of symptoms for many
patients, resulting in late presentation to the
hospital.

Measurement of 24-hour urinary
metanephrines (catecholamine metabolites) is
recommended for the diagnosis of phaeochro-
mocytoma, with higher sensitivity for norme-
tanephrine (87.3%) compared to metanephrine
(56.9%) [10], as shown in our patient. The specific-
ity of both tests is 95%. Measurements of plasma
and 24-hour urinary catecholamines (epineph-
rine, norepinephrine, dopamine) and urinary
vanillylmandelic acid (VMA) are no longer used,
owing to the lower sensitivity and specificity
of these tests. The elevation of catecholamine
metabolites four times the upper limit of normal
is highly suggestive of a tumor, and our patient
had a urinary normetanephrine level that was 27
times the upper limit of normal.

The gold standard for diagnosis is the
measurement of plasma or 24-hour fractionated
urinary metanephrines with imaging studies per-
formed for the localization, identification of met-
astatic lesions, and surgical resection [7]. There
are a few laboratories in our environment able
to measure fractionated catecholamine metab-
olites, thus limiting the accuracy of diagnosis in
many cases. However, efforts should be made to
contact laboratories with this competency, if the
patient can afford it.

Ninety-five percent of adrenal tumors
measuring 1 cm or larger, and 90% of pelvic and
abdominal tumors larger than 2 cm are identified
by computed tomography (CT) [3]. CT and MRI
of the abdomen and pelvis remain the imaging
modality of choice in pediatrics, with a sensi-
tivity of 90-100% for both tests, and specificity
of 70-80% [5]. MRI, however, has the advantage
of a better sensitivity for extra-adrenal tumors,
and no radiation exposure [5]. Nonetheless, this
imaging modality is less affordable and accessi-
ble in our environment, and therefore, computed
tomography is more commonly used for diagno-
sis, as seen in our index case.

Owing to financial challenges in our envi-
ronment, where health insurance is not widely
available, diagnosis in the index patient was first
made by abdominal ultrasonography (which hasa
sensitivity of 89%) before computed tomography
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was done to confirm ultrasound findings. This
was further confirmed by 24-hour fractionated
urinary metanephrine values and post-opera-
tively by histological findings. In all, the lack of
adequate finances considerably prolongs inter-
vention time for patients in our environment,
as shown by the 2-month duration from pre-
sentation to intervention in the presented case.
Therefore, it is necessary to reiterate the need for
functional health-insurance systems to be made
operational in third-world countries, particu-
larly in Sub-Saharan Africa. This would improve
management outcomes for the vast majority of
children living in these environments. Addition-
ally, there is an urgent need for the subsidized
care of the ever-growing number of children with
cancers in our environment.

Management of phaeochromocytoma is
multidisciplinary, involving the pediatric endo-
crinologists, pediatric surgeons, anesthetists,
and geneticists. Except for the geneticist, these
subspecialties are readily available in most ter-
tiary institutions in our environment. Pheochro-
mocytomas are managed by complete surgical
resection, which carries the risk of hypertensive
crisis intraoperatively. The occurrence of this
feared complication has been greatly reduced
in recent times by the preoperative use of the
alpha- and beta-blockade [8]. As presented in the
index report, alpha blockade usually precedes
beta-blockade, never vice versa, to prevent unop-
posed alpha-receptor stimulation, which would
lead to a severe hypertensive crisis [11]. Malignant
casesare further treated with chemotherapy, with
a 5-year survival rate ranging from 78% to 95% [8].
Recurrences are frequent, especially in patients
with germline mutations, and may occur as early
as one-year post-surgery, or as late as 35 years
later [8]. In view of this, long-term follow-up of
patients is necessary; yearly measurements of uri-
nary/plasma metanephrines and imaging studies
should be carried out at regular intervals.

Conclusion
Endocrine hypertension in general, and

specifically phaeochromocytoma, should be con-
sidered in the differential diagnosis of children

© 2020 The Authors



presenting with severe hypertension, especially
if accompanied by the triad of headaches, palpi-
tations, and excessive sweating. This is import-
ant, especially in an environment like ours,
where pediatric endocrine disorders are mostly
undiagnosed.

Proper management by a multidisci-
plinary team is associated with good outcomes,
especially in children with benign tumors.

Additionally, a functional health-in-
surance system in developing countries would
improve the treatment outcomes for children
who may present with the same or similar
tumors, leading to improved survival of these
children.
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The non-contact (handheld) infrared thermometers are valuable instruments for evaluating diabetic foot pathology and foot

ulcer prevention. Since there is no guideline to indicate the exact way they should be used, clinical judgment helps integrate the

collected data in the case management process. Foot care providers must consider that some factors might interfere with the

measurement correctness. It has been suggested that in some cases, other investigations besides thermometry have to be per-

formed before making any decisions.

Keywords: Infrared thermometry, diabetes mellitus, Charcot neuroarthropathy, foot care, debatable technique.

Introduction

Diabetic foot problems are mainly the
consequence of diabetic peripheral neuropa-
thy, macro- and microvascular disease of the
lower limbs, and any other musculoskeletal
damage, including infections. Diabetic neu-
ropathic osteoarthropathy is the consequence
of damage to sensory, motor, and autonomic
nerve fibers. This usually affects people with
a long-standing unfavorable metabolic profile.

A redoubtable complication of the dia-
betic foot is the neuropathic ulceration.

It is thought that 15-20% of diabetics
are likely to develop foot ulcerations through-
out their long-running disease, becoming thus
a public health issue. Once clinically mani-
fested, it is believed to account for 85% of the
lower limb amputations [1]. Charcot arthrop-
athy is believed to have a prevalence of up to
1-7.5% in the diabetic population, being prob-
ably even higher (29-35%) in neuropathic dia-
betics [2-4]. Therefore, congruent efforts are

continuously made for both prediction and
accurate prevention of diabetic foot ulcerations.

Historically, Hippocrates was one of
the first to mention about skin temperature
changes, in 400 BC. He claimed that “in what-
ever part of the body excess of heat or cold is felt,
the disease is here to be discovered” [5]. In the
modern days (1971/1972), Goller and Sandrow
have correlated dermal temperature with some
specific areas which were subjected to inflam-
mation and localized pressure and, ultimately,
neuropathic osseous fractures [6].

In humans, the feet are not commonly
displaying a difference higher than 1°C between
corresponding anatomical areas, but the skin
temperature on the trunk regularly fluctuates
between 33.5-36.9°C, some anatomical regions
exhibiting small physiological variations [7].

Many factors may influence skin tem-
perature either diffusely (ambient, hypo-
thalamus, damage of the internal organs) or
localized (various conditions affecting either
the skin itself or the underlying soft tissues).

© 2020 The Authors. Romanian Journal of Diabetes, Nutrition and Metabolic Diseases published by Sanatatea Press
Group on behalf of the Romanian Society of Diabetes Nutrition and Metabolic Diseases. This is an open access article
under the terms of the Creative Commons Attribution License (CC-BY-NC-ND 3.0).



Physiologically, there are certain anatomical
areas known to display temperature inconsisten-
cies such as body extremities, protruding body
parts, close vicinity of the underlying large ves-
sels, or whenever extreme ambient temperature
impacts the skin surface. However, cutaneous
vasculature does act efficiently [8, 9]. To note,
the higher skin temperature related to the dia-
betic foot injuries has generated research activ-
ities which are increasingly numerous to the
modern-day.

Various techniques can detect the skin
surface temperature, either focusing on some
specific anatomical areas as non-contact infra-
red thermometers do or providing values of the
entire sole by using, among others, liquid crystal
thermography, a temperature-sensing weighing
scale or infrared (IR) camera systems [7, 9].

Although the thermal imaging systems
have some important advantages, this paper’s
main subject will be the non-contact IR
thermometer. It is cheaper, user-friendly, largely
used by podiatrists, and also having a very good
inter-instrument agreement in humans, despite
being more time-consuming [1, 5, 6, 10].

The non-contact IR thermometers and
scanning technique

Exergen DermaTemp 1001 and Temp
Touch dermal thermometers have been consid-
ered for a long time, the only investigational and
scientifically accepted thermometers for the foot
skin measurements. Some observational studies,
using four industrial thermometers, showed that
these less-expensive devices are reliable tools for
home monitoring. To be noted, they also avoid
contamination by keeping a safer “distance-to-
spot” [1, 5, 11]. Other thermometers may show
similar results, but there is a lack of evidence
regarding this aspect. However, in the podia-
try departments, choosing an IR thermometer
might be a challenge, and each practitioner has
to deal with many aspects. The IR thermometers
have a different range of temperature record-
ing and functioning capabilities. Many of them
are not explicitly designed for foot assessment,
so we should remember that a damaged foot can

© 2020 The Authors
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display, compared with the presumed normal
contralateral one, a more significant temperature
domain. By looking at the ideal IR thermome-
ter qualifications, we could name reliability and
validity as an assessment tool, maneuverability,
time-efficiency, and the comprehensiveness of
its technical book. Without a standardized tool,
other devices appeared as substitutes in our daily
practice. Therefore, some practical obstacles
could arise. Some differences between devices
are the calibration frequency, well-timed pauses
between measurements, or the number of mea-
surements required at the same site. Besides these,
patients have to accommodate at the workroom
temperature (24-25°C) by taking off their shoes at
least 15 minutes before. However, the appropriate
time frame could depend on the potentially asym-
metric type of footwear/devices. Whenever cer-
tain dressings have previously covered the skin/
wound’s surface, they should be removed 10 min-
utes before to regain thermal rebalance [1].

Skin temperature measurements in Charcot’s foot

Some researchers found that intense neu-
ropathic foot exhibits higher skin temperature in
its entirety but mainly on the dorsal aspect, prob-
ably as a consequence of increased blood flow via
arteriovenous shunting [12, 13].

From the anatomical perspective, com-
paring with the sole, on the dorsal aspect, the
skin and the subcutaneous tissue are thinner, and
the muscle layers are not that complex. It should
be mentioned that the thickness of the subcutis
fatty layer (which is a real thermal barrier), mod-
ulates the transfer of the muscle (or deeper struc-
tures) heat to the skin. The lower the subcutis
thickness, the higher the skin surface tempera-
ture [14]. These facts could also partly explain the
findings of the above authors.

Charcot foot may involve one to a few
joints/soft tissue areas, making up localized pat-
terns or fully conjoining these in a diffuse picture
[9,15]. The dermal temperature fluctuates accord-
ing to the stage; it is higher in the active (acute)
inflammatory phase, gradually decreases in the
subacute phase, and equalizes the unaffected
symmetric areas at the end of the healing process
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after immobilization. As we might expect, this
skin temperature dynamic mirrors the underly-
ing damaged joints.

IR temperature measurements usually
involve the plantar projections of the first, third,
and fifth metatarsal heads, first metatarsal-cu-
neiform, talonavicular joints, cuboid, and heel.
In fact, these joints are outlining the most vul-
nerable areas [1, 16]. However, any other region
of interest (soft tissue/joint), could be assessed
thermally.

As mentioned above, a non-ulcerated
Charcot foot displaying a temperature difference
>2°C vs. healthy contralateral foot, should be
considered in its active stage. This cut-off point
has generally been accepted as one of the offload-
ing criteria [9, 17]. However, the practitioners
should be aware that values <2°C, but higher
than normal, could reflect either subclinical per-
sistence of inflammatory activity (argued mainly
on imaging), or its full relapse.

The practitioners have to cast the skin
temperature criterion aside whenever the Char-
cot damage is bilateral and synchronously active.
Also, whenever subclinical inflammation and
soft tissue/osseous infections coexist, an accu-
rate cutaneous temperature evaluation becomes
more challenging [1, 9].

It is worth mentioning that a specific
stress response (physical activity) of the plantar
temperature might predict the conversion from
a non-Charcot to Charcot’s foot or that Charcot’s
foot is at-risk for ulcerations [18].

Dermal IR thermometry over at-risk areas,
infectious wound, and during the self-monitoring
process

Once some (localized) at-risk areas are
suspected, it seems logical to focus on them. A
diffusely high temperature could synchronously
coexist with certain “hot spots”, thus displaying
>2.2°C when compared with the contralateral
unaffected areas and also suggesting a deeper
inflammatory event, probably anticipating clini-
cal lesions.

Once diagnosed, physical activity and
plantar pressure must be promptly reduced.
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Considerable research efforts were made in IR
thermometry as an efficient warning methodol-
ogy when applied regularly for at-risk areas [7, 16,
19-21].

Some particular entities, which are often
encountered as a result of repeated exposure to
minor trauma, are the foot’s callosities. Becom-
ing hemorrhagic entities, they are converted into
pre-ulcerative “hot spots”. The higher abnormal
intrinsic vascularity there is, the higher their
pre-ulcerative propensity.

A delayed wound healing could be the
result of bacterial colonization either in the
deeper layers or peri-wound. Among the clini-
cal criteria (STONES: Size, Temperature, Osse-
ous, New area of breakdown, Erythema/Edema,
Exudate, Smell), a higher temperature gradient
seems to reflect this fact up to 5 times. However,
it is not a sine qua non-criterion concerning
infectious events.

Because a neuropathic foot can display
a higher skin temperature on its own and, as a
result of repeatedly traumatic events, or even
walking, another two STONES criteria must be
added to prove infection [1, 18]. This specific sit-
uation has the benefit of therapeutic footwear,
frequently, for months. Once the ulcer healing
steadiness is achieved gradually, the temperature
gradient (the affected vs. healthy contralateral
matched area) is being replaced by thermal sym-
metry [11, 16, 21].

There are different examination pro-
tocols that frequently select some predefined
plantar sites. Although these protocols are very
didactic, they do not serve as an absolute rule
because almost 52% of foot ulcers are located on
the dorsal, lateral, medial, or interdigital sur-
faces. Moreover, a pre-existing localized plantar
forefoot ulceration, which is under repeated pres-
sure, could spread and fistulize to the dorsum of
the foot, thus equalizing the temperature of hot
spots, and the clinicians should always consider
such a provocative sequential event [17, 22]. Thus,
we could debate about the apparent rigidness vs.
the versatility of the chosen measurement sites.

Home-monitoring for at-risk patients
implies that they are specifically educated
as well as in full physical abilities. They are
greatly encouraged to embrace, regularly,

© 2020 The Authors



both self-inspection and dermal temperature
scanning. Persistently focal measurement of the
vulnerable anatomical sites (foot ulcer recur-
rence/propensity for new injuries) is an extremely
useful self-care maneuver for predicting and fur-
ther self-prevention practicing [1, 11, 19, 21, 23].

In order to avoid either false positive or
negative results, whenever >2.2°C reflects the
skin temperature difference between the corre-
sponding locations, individualized thresholds
(the baseline temperature difference between the
left and the right foot) should be calculated [24].

Several pathologies and other factors that may
induce distorted results

- Because of their declivity, the lower
anatomical segments- ankle and
foot- are the election place for the
development of edema in several
pathologies, which may also influence
the skin temperature.

+ The massive non-inflammatory lower
limb edema (venous, cardio-renal, and
others) could partially disguise more
in-depth inflammatory activity, giving
falsely lower temperature values.

- The hemiparesis (forearm, leg, and
foot) of the contralateral limb after
cerebral infarction evolves with lower
cutaneous temperature related to its
autonomic disfunction.

- Certain asymmetries of the vascular
tree could be responsible for asymmet-
ric skin temperature due to different
vaso-reflex potency.

+ It is known that blood flow influences
the skin temperature; however, strict
linearity is missing. Whenever the
lower limb displays simultaneously
venous and arterial disease, at rest,
the cutaneous temperature gradient
could be higher than normal because
of the sluggish venous blood even when
the foot pump normally acts during
ambulation.

+ In venous insufficiency, the higher skin
temperature is strongly connected with

© 2020 The Authors
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lower limbs’ inflammation, stasis, and
edema [25, 26].

- Effective collaterals, revascularization,
vasoactive medication, severe neuropa-
thy, including autonomic disturbances,
are factors that may offer unexpected
results comparing with a pure severe
arterial disease [27, 28].

- Speculating on the asymmetrical blood
flow, the dermal temperatures, which
are collected above and below the pre-
sumed atheromatous obstacle, could
suggest an ischemic limb [1]. However,
we should remember that the lower
limb arterial disease, mainly in diabet-
ics, is rarely fully asymmetric. Thus,
the presumed healthy contralateral
comparator is missing. Neither IR ther-
mometry nor thermal imaging tech-
niques can offer certainties about lower
limb arterial disease complexity. Angi-
ography and ultrasound images are
needed.

« The dermal blood flow rate through
microvasculature promotes skin tem-
perature values accordingly. Some
other factors, which we previously
named, although not explicitly related
to the device itself, are carrying the risk
of distorting the final result [8].

Conclusions

The temperature measurement of the
foot with a non-contact IR thermometer is con-
sidered an advantageous method for evaluating
the diabetic foot, mainly its iconic (complicated
or not) Charcot neuropathic osteoarthropathy.
This probably unexpected context invites the
dedicated caregivers never to exclude any poten-
tial influencing and limiting factors, and to ask
for additional investigations for better decision
making whenever needed.
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ADVERTORIAL

Dieta si ficatul gras non-alcoolic-o relatie de viitor?

Boala ficatului gras non-alcoolic reprezinta o acumulare excesiva de grasi-
me la nivel hepatocitar si este principala cauza de boala cronica de ficat la
nivel mondial. Ea prezintd o prevalentd in crestere, in paralel cu obezitatea,
diabetul zaharat de tip Il 5i unele componenete ale sindromului metabolic,
mai ales rezistenta la insulina.

S-au evidentlat la nivel celular 2 etape patogenice Tn aparitia ficatului
gras non-alcoolic; prima este reprezntata de acumularea excesiva de grasi-
me la nivelul hepatocitului, si rezistenta la insulina, iar cea de-a doua este
reprezentatd de stresul oxidativ 51 secretia crescutd de citokine proinfla-
matorii. Prima etapd este impactata de genetica si de balanta energetica
pozitiva, iar cea de-a doua de catre regimul alimentar.

Termenul de ficat gras non-alcoolic include o serie de componente
distincte care variazd de |a steatoza simpla pana la steatohepatita non-al-
coolicd, urmata in plan histopatologic evolutiv de catre fibroza, ciroza si
carcinom hepatocelular. La acestea se asociazd un risc crescut de boala car-
dio-vasculara si boala cronica de rinichi.

Dieta alimentara, alaturi de stilul de viatg, joaca un rol cheie atat in dez-
voltarea NAFLD, cét siin mentinerea si progresia el. Se insista tot mai mult
asupra impactului pe care il are dieta din sarcind si perioada de aldptare
asupra aparitiei MAFLD la produsul de conceptie.

0O schemd nutritionala echilibrat, limitativa si individualizat3, va cataliza
scaderea ponderala si imbunatatirea expresiei clinice a bolii hepatice.

Recomandari dietetice specifice NAFLD

1. Scaderea ponderald este recomandata tuturor pacientilor supraponderali
(cu IMC 25-29,9) sau incadrati intr-un grad de obezitate (IMC peste 30kg/mp).
Ea nu trebuie sa depaseasca 1 kg pe saptamana, scaderea rapida si necontro-
latd in greutate filnd in detrimentul pacientulul si putand chiar s agraveze
expresia clinicd a NAFLD. Dietele cu continut caloric foarte scazut (sub 388
kcalszi) trebuie evitate, ele putand fi cauza statusului proinflamator sistemic
si a cresterii nivelului seric al bilirubinei.

2. Acizil grasi saturati induc stres oxiativ si distructie heptocitara, cu progre-
sia de la stadiul de steatoza simpla la steatohepatita si apoptoza celulara.
Este recomadat un nivel de sub 10% acizi grasi saturati in dieta zilnics, care
va avea efecte de diminuare a valorilor LOL colesterol si trigliceride; nu se
recomanda insd scaderea aportului sub 7%.

3. Acizii grasi trans din lactate sunt recomandati pentru consum, in timp
ce fractiunile obtinute prin hidrogenarea uleiurilor vegetale induc actiune
proinflamatorie si disfunctie endoteliala si sunt de evitat.

4, Acizii grasi mononesaturati extrasi din ulei de masline, floarea soarelui, avo-
cado, rapita, nuci, sunt recomandabili pentru capacitatea lor de crestere a ni-
velului HDL colesterolului si diminuare a stresului oxidativ la nivel hepatocitar.
5. Acizii grasi polinesaturati influenteaza pozitiv evolutia NAFLD. O dieta
cu 2g/zi acizi grasi polinesaturati timp de 6 luni a demonstrat scaderea ni-
velului de steatoza hepatica impreuna cu scaderea rezistentei la insulina.
Deficitul de acizi grasi polinesaturati din dieta induce aparitia NAFLD. Daca
fractiunea omega 3 se regaseste mai ales in uleiul de peste, vegetale cu
frunze verzi si semintele de in, acizii grasi omega & pot fi preluati mai ales
din cereale, oua si grasimi animale. Raportul recomandat Omega 3-Omega
6estede 1:1 pand la 1:4.

6. Carbohidratii simpli prin consum crescut de bauturi carbogazoase conduc
la un risc mai mare decbezitate si aparitie a DZ. Alimentele intens procesate
au un continut crescut de zaharoza si fructoza. Fructoza se regaseste mai ales
in suc, jeleuri, gemuri si siropuri. Pe langa continutul de fructoza, bauturile
carbogazoase contin cantitdti mari de aspartam si caramel, ambele cu efect
proinflamator |a nivel hepatocitar. Aspartamul, glucid de 160 de ori mai dulce
decat zaharoza, produce crestere ponderald si contribuie la aparitia diabe-
tului zaharat. Fructoza induce insulinorezistentd si contribule major la apa-
ritia ficatului gras non-alcoolic. Se recomanda din aceste motive un consum
maxim zilnic de 360 ml de astfel de bauturi, desi ideald ar fi excluderea com-
pletd a acestui tip de consum din dieta.

7. Oligofructoza este un oligomer de fructoza, continuta indeosebi in cicoa-
re, usturol, praz, anghinare, cu efecte benefice multiple asupra metabolis-
mului; consumul frecvent ajutd la normalizarea valorlor glicemiei si ale tri-
gliceridelor serice. Suplimentarea oligofructozei la supraponderali si obezi
induce scaderea valorilor glicemice postprandiale si imbunatatirea contro-
lulul glicemic. Crescand totodata senzatia de satietate. La nivel hepatic oli-
gofructoza atenueaza inflamatia hepatocitara.

8. Continutul proteic din dieté are efecte benefice asupra evolutiei ficatului
gras non-alcoolic. Deficitul proteic si malnutritia pot determina evolutia cétre
steatohepatita. Studiile efectuate pe rozitoare arata ca o dieta hiperproteica
si hipoglucidica amelioreaza metabolismul carbohidratilor si reduce steatoza

hepaticadatorita inhibarii lipogenezei de novo. Aportul de proteine este esen-
tial petru regenerarea hepatocitara si pune la dispozitie aminoacizi esentiali
care previn acumularea in exces a grasimii intrahepatocitar. O dieta hiperpro-
teicd (40% proteine) reuce riscul de boala cardio-vascularg, insa poate induce
scleroza glomerulard si hipertensiune renovasculara la pacientii renali cronici.
Concluziile studiilor sunt ca un aport mediu proteic este cel optim pentru pa-
cientii cu ficat gras non-alcoolic datoritd impactului pozitiv asupra scaderii in
greutate. 25% aport energetic din proteine nu cauzeazi efecte adverse.

9. Glutamatul monosodic este un potentator de aroma intalnit in alimen-
tele procesate, congelate sau conservate 5iin special utilizat de catre buca-
taria asiatica. Consumul de glutamat monosodic creste riscul de ficat gras
nonalcoolic si potenteaza inflamatia si displazia hepatocitar, creste nivelul
de acizi grasi liberi si trigliceridemia. Expunerea la glutamat monosodic ca-
uzeazd deteriorarea oxidarii acizilor grasi, a sintezei acizilor biliari si interfe-
reaza cu stocarea lipidelor.

Recomandari nutritionale la pacientul cu ficat gras
non-alcoolic sau steatohepatita non-alcoolica
Continut caloric: 1000-1200 kcal/zi la pacientele obeze
1200-1600 kcal/zi la pacientul obez

Nutrienti in dieta: Carbohidrati 40-50%

Lipide sub 30% din totalul energetic

Proteine aproximativ 20% din total
Deficitul energetic trebuie s& fie cuprins intre 500-1000 kcal/zi
Acest deficit va permite o scddere ponderald de 0,5-1 kg/saptamand
Necesarul energetic trebuie individualizat. Trebuie sa se tina cont de activi-
tatea fizica, inaltime si greutate.

Alegerea produselor alimentare in cazul pacientului cu
NAFLD/NASH
- Alimentele pacientulul cu ficat gras non-alcoolic trebuie s aibd un con-
tinut scazut in acizi grasi saturati.
- Bauturile récoritoare cu continut crescut in sirop de porumb trebuie eli-
minate complet din dieta.
- Se va consuma doar carne slabd in grasimi, cu precidere carne alba si
doar ocazional carne rosie.
- Alimentele vor fi procesate prin fierbere, la abur sau coapte fara adaos
lipidic.
- Se evitd prajirea. Alimentele prajite sunt mai greu digerabile si au conti-
nut caloric mai ridicat.
- Se interzice consumul de smantana sau rantas.
- Produsele de tip fast-food sunt interzise
- Se recomanda consumul zilnic de 30 g nuci, bogate in acid gras alfa-li-
nolenic, care au capacitatae de a reduce nivelul colesterolului total si a
LDL-colesterol.
- Se recomanda consumul de fructe si legume, sursa importanta de vita-
mine antioxidante (vitamina C, E si beta-caroten):
vitamina C: coacaze negre 184 mg/100 g produs, frunze de patrun-
jel 177 mg/100 g, piper rosu 144 mg/100 g, hrean 114 mg/100 g
beta-caroten: morcovi 9938 micrograme/100g produs, piersici
uscate 7842 microgr?, patrunjel frunze 5410 microgrs, frunze de
ceapa 3400 microgr¥
Vitamina E: ulei de floarea soarelui, germeni de grau
- Fructele cele mai recomandate sunt sucul de aronia 5i sucurile proaspat
presate, cu efect potent antioxidant, continand pelifenoli si o cantitate
crescuta de proanthocianine si anthocianine. Extractul de aronia comba-
te hipertrigliceridemia indusa de fructoza si ajuta la scaderea in greutate.
NAFLD este una din cauzele principale de boald hepatica la nivel mon-
dial. Incidenta crescuta a steatozei simple, cu progresie catre steatohepatita
si in final cirozd hepaticd, trebuie sa alarmeze profesionistii din domeniul
sanatatii si sd i determine s caute in mod continuu noi oportunitati pentru
un bun management al afectiunii. La momentul prezent stim ¢a adevarata
cale catre controlul bolii ficatului gras non-alcoolic este mai degrabd modi-
ficarea stilului de viatd, cu accent pe dieta alimentard, decat terapia medi-
camentoasa. Depinde de noj, ca specialisti in domeniul sanatatii, sa educam
pacientul cum sa isi gestioneze eficient afectarea hepatica acasa, la locul de
muncd sl Tn flecare moment din viata de zl cu zi.
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