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Diabetes and prediabetes are some of the most serious social and medical issues of the present day. It is fitting to identify
a distinct category of women aged 40 to 60 who have diabetes mellitus (DM) or prediabetes to discover new biomarkers
related to DM diagnosis. As this age group is predominantly overweight, which is considered a risk factor for several
health issues, it is one of the most serious social and medical problems today that interferes with the physiological and
metabolic lipid profile, as well as other proteins linked to metabolic effects.

The objective: to examine F-box and WD repeat domain-containing protein 7 (FBXW?7) levels in relation to total fatty
acids (TFAs) in women with type 2 DM (T2DM) in order to investigate their potential interaction.

Materials and methods. The current study included 124 women who were divided into three groups: G1 included 31 pa-
tients with prediabetes, G2 — 65 women with T2DM; G3 (control) consisted of 28 women without pathology. The level
of FBXW?7 and TFAs were determined using enzyme-linked immune sorbent assay. The level of fasting serum glucose and
lipid profile were determined using spectrophotometer, and the level of HbA1c — by a fully auto technique.

Results. Serum levels of FBXW7 were significantly higher in women with prediabetes compared to both the G2 and
G3, possibly due to tissue damage which is associated with the onset of DM. TFAs concentrations revealed distinct
patterns across the groups, G3 had the highest concentration. These findings indicate a gradient in fatty acid levels,
with G3 showing significantly higher concentrations. Cluster analysis showed that 90% of the data were homogenized
in cluster 1, where the distributions of parameters matched the original data distribution. In contrast, cluster 2 dis-
played different distributions. Furthermore, TFAs was identified as a more significant predictor than FBXW?7 in dia-
betic patients.

Conclusions. These results highlight the importance of TFAs and FBXW?7in the diagnosis and progression of DM women
with obesity.

Keywords: F-box / WD repeat protein 7 level, total fatty acids, type 2 diabetes, prediabetes, cluster analysis.

OuiHka piBHe Ginka F-box / WD repeat protein 7 y koH’lorauir i3 3arafibHUMU XXMPHUMM KUCJIOTaMM
Y XiHOK i3 LyKpoBuUM giabeTom 2-ro Tuny
H. S. Mahdy, E. M. Taha

[liabet Ta mepeamiabeT € OMHNMY 3 HAHBAKIMBININX COIIAILHUX Ta MEAUYHUX TIPOOIEM ChOroAeHHs. [I1s BUABICHHS HOBUX
6ioMapKepiB, AKi MOKYTh MAaTH Barome 3Ha4eHHs B AiarHOCTUIN IyKposoro aiabery (II/1), Z0iIbHIM € 06CTEKEHHS KIHOK
Bikom Big 40 10 60 pokis i3 II/] abo nepeamiaberom. 11g BikoBa rpyna nepeBaskHO Ma€ HaAMIPHY Macy Tija, 10 BBaKAECTh-
¢ (aKTOPOM PUBUKY PO3BUTKY HU3KM 3aXBOPIOBAaHb 1 € OJHIEI0 3 HaliCepHO3HIIINX CYCIHUIBHUX Ta MEAUYHUX MPOOJIEM,
OCKiJIbKYM BIUIMBAE Ha (isionoriunmnii i Merabosmiyauil gimigauil npodiib, a TakoK Ha PiBHI iHIMX OLIKIB, MOB'A3aHUX i3
MeTaGoIUHUMU TIPOTIECAMH.

Mema docnidcenns: ananis pisust Ginka F-box / WD repeat protein 7 (FBXW7) y kon’foraitii 3 piBHEM 3arajibHUX KUPHUX
kucaor (37KK) y xinox i3 I/ 2-ro tumy 3 MeToo Aoc/IiKeHHs IX MOTEHIIIHOT B3aEMO/IIi.

Mamepianu ma memodu. Jlocnijxenns Briodano 124 xiHkH, skrx 6yI0 posnomiieHo Ha Tpu rpynu: 1o 1-i ysiitiura 31 ma-
nienTka 3 nepemriaberom, 10 2-i — 65 kinok i3 I/] 2-ro tumy; 3-Ti0 (KOHTPOJIbHY) CTaHOBUJIU 28 5KiHOK Ge3 BCTAHOBJIEHOI
natosorii. PiBenp FBXW7 ta 37KK Busnauanm Meronom iMmyHohepMeHTHOTro aHamisy. PiBeHb IVIIOKO3M B CHPOBATI KPOBi
HaTIeceprie Ta MOKa3HUKK JIIIHOTO MPodiIio BU3HAYAINM 3a JOTIOMOroio crektpodoromMerpa, a piserns HbAlc — mosHicTio
ABTOMATHU30BAHOI METOMKOIO.

Pesyavmamu. Pisens FBXW7 y cupoBatili KpoBi OyB 3HAYHO BUIIUM Y JKiHOK 1-1 rpyriu HOPIBHSIHO 3 naifieHTkamu 2-1 ta
3-1 rpym, 1110, IMOBIPHO, TIOB’I3aHO 3 YITKOLKEHHSIM TKaHWH, SIKe BiIOYBa€ThCsT Ha paHHix etanax po3suTky I1/1. Kommenrparris
37KK Oysia HaiiBuiow B 3-it rpymi. OTpuMaHi pesyJIbraTi CBiYaTh PO HASBHICT MPajlieHTa PIBHIB JKUPHUX KUCJIOT MIXK J10-
caipkyBanumu rpyiamu. Kiacrepuuii aHasis nokasas, mo 90% ganux Oysiu roMoreHizoBani B kaacrepi 1, sie posnofii mapa-
METPIB Bi/IMOBI/IaB TOYaTKOBOMY pO3mofiry manux. HaromicTs kiactep 2 1eMOHCTPYBaB Bi/IMiHHI TUTI po3noiay. Kpim Toro,
37KK Gyt BusHaueHi sik Oiibiin 3Hauymuii npeaukrop, vixk FBXW7, y namienrox i3 LI,

Bucnosxu. OrpuMani pe3ysraTi miaKpecaionTsh Baxausy poab 39KK i 6inka FBXW7 y piarnoctuii ta nporpecysanui 11/
y JKiHOK 3 OJKUPIHHSIM.

Kntouosi cnosa: pisenv F-box / WD repeat protein 7, sazanvni jcupni xuciomu, yyxposutl diabem 2-z0 muny, nepeddiabem,
KILACMEPHULL AHATIS.
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ype 2 diabetes mellitus (T2DM) is a chronic illness

that can be induced by low insulin levels, impaired
insulin action, or both. It is characterized by elevated
blood sugar levels. Insulin has a profound impact on vari-
ous organs and systems, making it exceedingly difficult
to underestimate its influence. Disorders in the regula-
tion process of insulin, a carbohydrate “conductor”, are
the cause of metabolic disorders and irreversible changes
in the human body [1-3]. Complex interaction between
insulin resistance and pancreatic beta-cell activity define
the physiology of diabetes [2, 4].

Prediabetes is an increased risk diabetes development
in the women. Prediabetes is the term for blood sugar le-
vels that are raised but not high enough to be classified as
T2DM. Several factors contribute to the development of
prediabetes — insulin resistance, genetics, age, obesity, physi-
cal inactivity, and unhealthy diet. Obesity is very important
among the many factors that affect the female body because
parts of metabolic syndrome, like insulin resistance, high in-
sulin levels, and unhealthy fat levels in the blood, greatly
affect the body [5]. When involving women in health pro-
motion initiatives and prediabetes treatment, it is important
to consider their readiness to make adjustments and their
understanding of prediabetes. This step is critical because
prediabetes elevates the risk of endothelial dysfunction,
development and functioning of the reproductive system,
atherosclerosis, and cardiovascular disease in addition to in-
creasing the chance that it may advance to diabetes [5, 6].

Numerous proteins released by the liver that reach
the blood and control systemic glucose homeostasis have
been discovered in recent studies on obesity. The E3 ubi-
quitin ligase F-box and WD repeat domain-containing
protein 7 (FBXW7) is one of these proteins that is no-
ticeably downregulated in obese human patients’ livers.
FBXW?7 exhibits a regulatory function in the metabolism
of fat and glucose in the liver [7]. Most FBXW7 substrates
control many biological functions such as cell cycle pro-
gression, apoptosis, and differentiation. The chromosomal
band 4q32 contains the FBW7 gene, which codes for the
protein FBXW7, that is also known as FBW7, hAgo, and
hCdc4 SEL-10. Three subtypes of FBXW?7 are found in
the cytoplasm, nucleoli, and nucleoplasm, respectively:
FBXW7a, FBXW7p, and FBXW7y. FBXW7a is the one
of the three subtypes that engages in ubiquitination the
most [8, 9]. F-box proteins play a crucial role in a wide
range of biological processes, such as cell division and death,
carcinogenesis, and deoxyribonucleic acid damage and re-
pair. On the other hand, the expression of FBXW?7 in the
liver of an obese person confers several beneficial metabolic
effects, including protection against hyperglycemia, insulin
resistance, and glucose intolerance [7]. FBXW7 is a protein
located on chromosome 4 that has a molecular weight of
around 79 KD and 707 amino acids [10].

T2DM is influenced by many lifestyle factors, including
smoking, being overweight or obese (particularly in the bel-
ly), and being physically active, in addition to unmodifiable
risk factors like age and family history of the illness, and it
is mainly affected by diet [11]. Food is a significant modifi-
able factor in T2DM prevention [12]. The contribution of
dietary fats and lipids to the prevention of T2DM is up for
dispute [13]. There are substantial correlations between the
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primary components of metabolic syndrome, including dys-
lipidemia, insulin, glucose metabolism, obesity, body mass
index (BMI), blood pressure, and vitamin D levels. Dietary
lipids contain a variety of fatty acids that directly influence
the risk of T2DM. Metabolic functions necessitate each
fatty acid’s unique chemical composition [14].

In order to prevent T2DM, current dietary guidelines
recommend a diet high in vegetable fat and low in animal
and total fat. Increased consumption of omega-3, polyun-
saturated, and monounsaturated fatty acids and decreased
consumption of trans and saturated fatty acids lend greater
credence to this idea [15]. The first main class of fatty
acids, saturated and polyunsaturated fatty acids influence
glucose metabolism, lipogenesis, insulin sensitivity, obe-
sity, and diabetes via several routes. Additionally, several
medications taken by women demonstrate a statistically
significant shift in indicators of lipid metabolism [16, 17].
Other analytical studies indicated that supplementary pro-
biotic administration results in a significant reduction in
Homeostatic Model Assessment for Insulin Resistance and
fasting glucose levels. Positive outcomes of undoubtedly
poor or very low evidence for probiotic supplements were
observed regarding glycemic management, lipid profile,
hormone levels, waist/hip circumference, and fasting glu-
cose [18]. Moreover, the essential amino acids known as
valine, leucine, and isoleucine, or branched-chain amino
acids (BCAAs), serve as substrates, regulators, and precur-
sors to other amino acids in the metabolism of proteins and
energy [19]. Recent studies on obese people have demon-
strated a strong relationship between insulin resistance and
BCAAs levels; some researchers have even proposed that
elevated BCAAs levels could be helpful in anticipating the
onset of T2DM [20]. The second main kind are long-chain
fatty acids, which have a chain length of 12 carbons or
more. Long-chain fatty acids account for the vast bulk of
the energy that is stored in humans and other animals [21].

To care for women’s health and reduce the risk of dia-
betes development, researchers must consider the relation-
ship between metabolic syndrome and important metabolic
markers to predict the early onset of the disease. Researchers
have conducted numerous studies in this regard. Many
inflammatory and metabolic issues, like high levels of cy-
tokines [22], vitamin D level [23], and signs of oxidative
stress [22], are often seen in diseases such as diabetes. Poly-
cystic ovary syndrome [23], COVID-19 [24], and osteope-
nia [25], showing that there are shared biological processes
and overall problems in the body which are typical for
metabolic disorders. Women with diabetes mellitus (DM)
and prediabetes are susceptible to inflammatory processes.
Chronic infections like brucellosis can intensify systemic
inflammation, potentially hastening metabolic disruptions
that lead to insulin resistance and compromised glucose
homeostasis. Moreover, studies have demonstrated that
inflammatory reactions linked to COVID-19 exacerbate
glycemic control, especially in patients with preexisting
metabolic risk factors [24]. Osteopenia, which is often
seen in women with DM, might be linked to long-term in-
flammation and problems with calcium and phosphate
balance, making it harder to manage the disease. Obesity,
which is common in many health issues, not only raises the
chances of getting T2DM and prediabetes but also worsens
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inflammation, creating a harmful cycle that weakens the
immune system, harms bone health, and disrupts metabo-
lism. Collectively, these interconnected factors highlight
the necessity for a comprehensive strategy in the preven-
tion and management of DM and its antecedents in women.

The objective is to confirm the levels of the protein
FBXW7 and investigate its correlation with the levels of
total fatty acids (TFAs) in the blood of women with T2DM.

MATERIALS AND METHODS

Patients

A case-control study was performed at Baghdad Hospi-
tal — Medical City from late December 2023 to March 2024.
124 women participated in this study. The patients were di-
vided into three groups: prediabetic patients (G1, n = 31),
patients with T2DM (G2, n = 65), and the control (G3,
n = 28). The diagnosis of T2DM was diagnosed by diabeto-
logists and endocrinologists. After analyzing the symptoms,
the cumulative blood sugar level hemoglobin Alc (HbA1c)
was measured, and 31 prediabetic individuals were also di-
agnosed based on their HbAlc levels following symptom
assessment. G3 consisting of 28 healthy individuals with
normal HbA1c level.

The participants provided informed consent, and the
study received approval from both the hospital and the
University of Baghdad.

Inclusion criteria:

« Diagnosed T2DM, the confirmed diagnosis based on

American Diabetes Association criteria.

¢ The duration of the diabetes was 1 year.

* Age range: the participants were aged 40 to 60 years.

* Stable medication use: the participants were on stable
doses of anti-diabetic medications (e.g., metformin,
sulfonylureas) for at least 3 months before enrolling
in the study.

* BMI between 25 and 35 kg/m?.

* Fasting state: the participants must be able to attend
study visits after an overnight fast of 8—12 hours.

¢ Informed consent: willingness to participate and pro-
vide written informed consent.

Exclusion criteria:

« Women with long-term health issues affecting the
heart, liver, kidneys, bones, tumors, stomach, and in-
testines, as well as those taking medications that alter
FBXWY7 protein levels and free fatty acids, metabolic
disorders, and type 1 diabetes.

* Additionally, the patient must not exhibit severe or
uncontrolled hypertension.

* Current pregnancy or lactation.

* Recent infection or surgical intervention.

¢ The individual that participated in a different clini-
cal trial during the last 3 months.

Blood sample collection and laboratory analysis

Ten milliliters of venous blood were collected from par-
ticipants. Blood samples were divided into aliquots. HbA1lc
was assessed using whole blood. Following the coagulation of
five milliliters of blood, we separated the serum at ambient
temperatures using centrifugation at 5000 rpm for 15 minu-
tes. The serum was aliquoted into vials. On the same day,
spectrophotometry evaluated the lipid profile and fasting
blood glucose utilizing a portion of the collected serum. The
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leftover serum was put into labeled storage vials for organi-
zation and then kept at —20 °C for more research on the
FBXW?7 protein and free fatty acids, which were measured
using an enzyme-linked immunosorbent assay (ELISA).

FBXW7 assay

To identify FBXW7 in samples, a quantitative enzyme-
linked sandwich-ELISA approach (FBXW?7 protein kit
supplied by Elyue, China) was used. Samples were trans-
ferred to wells and mixed with the specific antibody after
prescreening a microplate with the antibody. Each well of
the microplate was then filled with an antibody specific for
detecting human FBXW7, which was labeled with horse-
radish peroxidase, and incubated. The authors kept the well
in an incubator after adding the 3,3',5,5'-tetramethylbenzi-
dine (TMB) substrate solution to each well. A blue dye is
produced in the solution by an enzyme-catalyzed process.
The color then turns yellow when the solution is injected.
The solution is stopped to stop the substrate reaction. The
yellow solution is read at 450 nm. A standard curve is then
constructed using the optical density (OD) value to deter-
mine the concentration of human FBXW?7 in the samples.

TFA assay

The competitive-ELISA principle served as the foun-
dation for the ELISA method used in this assay (Total
fatty acid kit supplied by Elyue, China). An antibody that
was coated to human TFA was applied beforehand to
the microtiter plate strips. With the antibody to human
TFA, a competitive inhibition process was started between
HRP-labeled human TFA and total human TFA (standards
or samples). The TMB substrate solution was added to each
well after the unbound material had been cleaned away,
and the wells were then incubated. The solution turns blue
due to the enzyme-catalyzed reaction, then yellow when a
stop solution is introduced to halt the substrate reaction.
The yellow solution is read at a wavelength of 450 nmol.
A standard curve is then drawn between the OD value and
the sample concentration to determine TFA in the samples.

Lipid profile assay

All tests were done using the Selectra Pro XL fully
automated photometric method, except for the HbA1c
test, which was performed using the G8 HPLC Analyzer
and the HbA1c kit is purchased (both from Tosoh Corpo-
ration, Japan). Japan. Triglyceride kit, Fasting Glucose kit,
Cholesterol kit, and, HDL-Cholesterol kit were purchased
from Roche Diagnostics GmbH, Germany.

Ethical approval

All the experimental procedures in this study were con-
ducted in accordance with the Helsinki declaration of medi-
cal studies and approved by the Research Ethics Committee
of the College of Science for Women, Baghdad, Iraq (ethical
code: 22/3477 in 12.12.2023).

Statistical analysis

ANOVA (analysis of variance) was used to compare
the average levels of biochemical parameters between
three groups: prediabetic women, T2DM women, and
healthy controls. The authors used a 95% confidence in-
terval (CI) to assess the reliability of the estimated group
means. When necessary, the authors conducted the Tukey’s
multiple comparisons test to determine the significance of
variance among groups. Additionally, cluster analysis was
utilized to discern patterns and possible subgroups within
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95% CI (Tukey’s)

e Column means diff.

G2-FBXW7 — G3-FBXW7+ t =

G1-FBXW7 — G3-FBXW7

G1-FBXW7 — G2-FBXW7 -

T T 1
10 20 30

Difference between group means

Fig. 1. 95% CI and the variation in group means for FBXW7 protein
Notes: FBXW7 — F-box and WD repeat domain-containing protein 7; Cl — confidence interval.

the data based on biochemical commonalities. This strategy
facilitated the categorization of participants with analogous
metabolic characteristics. Finally, the authors used predic-
tor importance analysis to evaluate how much each variable
helped in distinguishing between the groups. This investi-
gation identified the most significant biomarkers for diffe-
rentiating prediabetes, DM, and control states.

RESULTS AND DISCUSSION
The study showed that there was no statistically sig-
nificant age difference between the groups, indicating that
individual age matches were adequate. The homogeneity
in age distribution guarantees that any detected variations
in other variables are not affected by age-related factors.

However, a significant difference in BMI was noted be-
tween women in G1 and G3 as shown in Table 1.

Current study was focused on the level of FBXW7, and
TFA. Serum levels of FBXW?7 protein were significantly
higher (3.860 = 0.514 ng/mL) in G2 compared to G1 and
G3 as shown in Table 2 and Fig. 1. This increase may be
due to tissue damage from the onset of diabetes, leading to
decreased FBXW7 levels in tissues and increased secretion
into the blood [26]. No significant difference in FBXW7
protein level was observed between G2 and G3. However,
FBXW7 levels were significantly lower in G1 compared to
G2. Serum concentrations of free fatty acids exhibited dis-
tinct patterns among the three groups. Comprising predia-
betic patients, demonstrated a fatty acid concentration of

Table 1

Statistical analysis of age and BMI levels across all study groups

Parameters Statistical indicators G1(n=31) G2 (n=65) G3 (n=28)
M = SE 50.4+1.4 50.4+1.0 47.0+1.9
Age, years Lower 95% Cl of M 47.5 48.4 43.0
Upper 95% Cl of M 53.4 52.5 51.0
p-value 0.9
M+ SE 28.9+0.7 27.8+£0.3 26.7+0.7
Lower 95% Cl of M 27.5° 27.1 25.1
BMI, kg/m?
Upper 95% Cl of M 30.4 28.5 28.3
p-value 0.04

Notes: M + SE — Mean =+ Standard Error; Cl — confidence interval; BMI — body mass index; one-way ANOVA with Tukey’s multiple comparisons test at the level

of 0.05; 2 — represented significant analysis between G1 and G3.

Table 2

Statistical analysis of FBXW7 and TFA levels across all study groups

Parameters Statistical indicators G1(n=31) G2 (n=65) G3 (n=28)
M + SE 3.860 £ 0.514a¢ 2.00£0.19° 2.71+0.27
Lower 95% Cl of M 2.79 2.31 2.12
FBXW7, ng/mL
Upper 95% Cl of M 4.93 3.08 3.29
p-value 0.02
M + SE 15.0+1.72¢ 18.7+1.8>¢ 248+4.0
Lower 95% Cl of M 11.4 15.0 16.5
TFA, umol/L
Upper 95% Cl of M 18.5 22.5 33.1
p-value 0.05

Notes: M + SE — Mean + Standard Error; TFA — total fatty acid; Cl — confidence interval; FBXW7 — F-box and WD repeat domain-containing protein 7; one-way
ANOVA with Tukey’s multiple comparisons test at the level of 0.05; # — represented significant analysis between G1 and G3; ® — represented significant analysis

between G2 and G3; © — represented significant analysis between G1 and G2.
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95% CI (Tukey’s)

: ® Column means diff.
G2-TFA — G3-TFA- ———
G1-TFA — G3-TFA- : o° ;
G1-TFA — G2-TFA ——
1 1 I 1
-30 -20 -10 0 10

Difference between group means

Fig. 2. 95% CI and the variation in group means of TFA
Notes: TFA — total fatty acid; Cl — confidence interval.

15 pmol/L. Women with T2DM, showed a slightly higher
level of 18.7 + 1.8 pmol /L, as shown in Table 2 and Fig. 2. G3,
exhibited the highest concentration at 24.8 + 4.0 pmol/L.
The results show a clear difference in fatty acid levels, with
G3 having much higher amounts than the G2 and G1.

The comparative examination of metabolic parameters
between G2 and G3 has produced significant discoveries.

Significant differences were identified in very-low-density
lipoprotein (VLDL) and triglyceride (TG), as shown in
Table 3. The levels of total cholesterol, high-density lipo-
protein (HDL), and low-density lipoprotein (LDL) did
not significantly differ between the G2 and G3. Fasting
blood glucose (FBG) and HbA1c levels showed signifi-
cant differences among all studied groups (Table 3).

Table 3

Statistical analysis of TG, cholesterol, LDL, HDL, VLDL, FBG, and HbA1c levels in all study groups

Parameters Statistical indicators G1(n=31) G2 (n=65) G3 (n=28)
M + SE 169.0+18.4 200.0 £ 13.2° 144.0+13.5
Lower 95% Cl of M 132.0 173.0 116.0
TG, mg/L
Upper 95% Cl of M 207.0 226.0 172.0
p-value 0.03
M+ SE 192.0+10.9 191.0+5.3 188.0+7.4
Lower 95% Cl of M 169.0 180.0 173.0
Cholesterol, mg/L
Upper 95% Cl of M 214.0 201.0 203.0
p-value 0.9
M = SE 20.5+1.7 255+1.6 23.5+2.3
Lower 95% Cl of M 16.9 22.2 18.3
HDL, mg/L
Upper 95% Cl of M 241 28.7 28.1
p-value 0.17
M+ SE 137.0+9.3 125.0+ 4.4 136.0+7.4
Lower 95% Cl of M 118.0 117.0 121.0
LDL, mg/L
Upper 95% Cl of M 156.0 134.0 151.0
p-value 0.3
M £ SE 33.8+3.6 39.9+2.6° 28.8+27
Lower 95% Cl of M 26.3 34.6 23.2
VLDL, mg/L
Upper 95% Cl of M 41.3 45.2 34.3
p-value 0.039
M+ SE 97.5+83.0%¢ 149.0 £9.50¢ 929+34
Lower 95% Cl of M 91.3 175 85.7
FBG, mg/L
Upper 95% Cl of M 104 214 100
p-value 0.0001
M £ SE 6.00+0.032° 8.50 £ 0.19~¢ 5.30+0.04
Lower 95% Cl of M 5.9 8.1 5.2
HbA1c, %
Upper 95% Cl of M 6.0 8.9 5.4
p-value 0.0001

Notes: M + SE — Mean + Standard Error; Cl — confidence interval; TG — triglyceride; HDL — high-density lipoprotein; LDL — low-density lipoprotein; VLDL — very-
low-density lipoprotein; FBG — fasting blood glucose; one-way ANOVA with Tukey’s multiple comparisons test at the level of 0.05; @ — represented significant
analysis between G1 and G3; ® — represented significant analysis between G2 and G3; ¢ — represented significant analysis between G1 and G2.
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Cluster analysis of the data for DM patients

Cluster analysis organizes data into clusters, grouping
items according to their similarity using a statistical ap-
proach. When authors have a new dataset and are in
the early stages of understanding it, cluster analysis can
provide a much-needed guide. Cluster analysis has been
applied to the 65 women with T2DM, and the results
showed that those women were divided into two clusters
using the data from FBXW7 and TFA (Fig. 3).

As shown in Fig. 3 in cluster 1 the distribution of both
parameters TFA, and FBXW7 were fit with the original dis-
tribution of all the data. Whereas the distribution in clus-
ter 2 differed. Also, the results showed that cluster 1 size
was 90% which mean that the data is homogenized, and the
two variables showed similar distribution in cluster. When
compared FBXW?7 protein with TFA in case of diabetic
the results showed that TFA was more predictor parame-
ters rather than FBXW7 (Fig. 4). Cluster analysis results
indicated that the studied factors, TFA and FBXW7, are
important for diagnosing and tracking diabetes in women
because they are related to metabolic syndrome.

Cluster analysis was also applied using FBG, and HbA1c
the routine diagnostic parameters and TFA, with FBXW7
the new parameters. The results conformed the distribution
of the patients in to two clusters (Fig. 5).

This study aimed to measure the levels of FBXW7 and
TFAs in women who are prediabetic, T2DM, and healthy
to understand their potential roles in the development
and progression of DM in women. The studied parame-
ters (FBXW7, TFAs, BMI, TG, HDL, LDL, VLDL, cho-
lesterol, FBG, and HbA1c) were discussed in physiological
matters. Higher BMI in the G2 compared to G3 could in-
dicate that increased body weight is a significant risk fac-
tor for developing diabetes especially in women. This dif-
ference in BMI underscores the importance of managing
body weight to prevent the onset of T2DM, especially in
women identified as prediabetic. It also highlights the need
for targeted interventions focusing on weight reduction and
lifestyle modifications to mitigate the risk of progressing to
T2DM. Further research is warranted to explore the me-
chanisms by which BMI influences diabetes progression
and to develop effective strategies for weight management
in prediabetic populations. Overall, these findings contri-
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Fig. 3. Distribution of women in to two clusters

Notes: TFA — total fatty acid; FBXW7 — F-box and WD repeat domain-containing
protein 7.

bute to the understanding of the role of BMI in diabetes
progression and emphasize the importance of weight ma-
nagement in preventing T2DM.

There is a triangle connection (BMI, FBXW7, TFA)
that might help to explain how obesity can lead to predia-
betes and T2DM, making FBXW?7 a possible marker and
control center for fat processing and insulin response. There
is a negative link between FBXW7 levels and BMI / TFAs,
indicating that low body fat and TFA levels might cause a
rise in FBXW7 expression. This downregulation may hin-
der its typical regulatory functions, facilitating the advance-
ment of metabolic disorders such as T2DM.

The elevated fatty acid concentration in G3 may be as-
sociated with their dietary habits, potentially reflecting a
higher consumption of fats. This data indicates that G3 diet
contains a higher concentration of fatty acids, especially

Predictor importance

TFA

FBXW7

0.0 0.2
FBXW7

v Al

0.4 0.6 0.8 1.0
TFA

pa
Least important

Most importar?t

Fig. 4. Predictor importance of the two variables — TFAs, and FBXW?7
Notes: TFAs — total fatty acids; FBXW7 — F-box and WD repeat domain-containing protein 7.
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long-chain fatty acids, which are recognized for their ability
to increase serum fatty acid levels. Metabolic regulation re-
fers to the processes that control the biochemical pathways
involved in metabolism, ensuring homeostasis and efficient
energy utilization within the organism. Lower levels in the
G1 and G2 might indicate a problem with how fats are
processed in the body, which is connected to the start and
development of diabetes.

Insulin resistance, a characteristic of T2DM, can mo-
dify lipid metabolism, resulting in variations in fatty acid
concentrations physiological adaptations, G1 fatty acid
levels, although elevated compared to G2, remain consi-
derably lower than those of G3. Such behavior may indi-
cate preliminary metabolic alterations prior to the com-
plete manifestation of DM. These individuals may be in
a transitional metabolic state when the body’s regulating
mechanisms are starting to deteriorate yet have not pro-
gressed to the severity shown in full-blown diabetes.

The increased levels in G3 may indicate a lack of the
metabolic dysregulation observed in diabetic situations.
Elevated fatty acid levels may signify a more vigorous or
distinct metabolic condition in contrast to individuals with
impaired glucose and lipid metabolism. These observations
underscore the importance of understanding the role of di-
etary fatty acids and their metabolic processing in the con-
text of diabetes. The higher levels in G3 could imply that,
while higher dietary fat intake raises serum fatty acid levels,
it may not necessarily correlate with immediate adverse
metabolic outcomes in non-diabetic women. Conversely,
the lower levels in diabetic groups suggest metabolic altera-
tions that warrant further investigation. These findings un-
derscore the intricate relationship among food, metabolism,
and disease state. They propose that regulating dietary fat
consumption may be essential in preventing or alleviating
the advancement of diabetes and underscore the necessity
for additional research to examine these correlations more
thoroughly. A high-fat diet, particularly one heavy in satu-
rated fats, is a substantial risk factor for the development
of T2DM. Elevated amounts of long-chain saturated fatty
acids are a result of such diets [27-29].

Free fatty acids, and TFAs are altered differently during
different gestation periods. Total plasma fatty acids levels
increased in pregnant women with gestational DM (GDM)
in early pregnancy, then decreased, which made alteration
in the level of TFA, this results support what the author
proved in the current study [30]. Other studies found that
maternal free fatty acids in one pregnant woman’s first tri-
mester were positively correlated with the risk of GDM.
Additionally, there were joint effects between FFAs on
GDM risk [31]. On the other hand, elevated VLDL levels
in G2 can be attributed to the dysregulation of lipid meta-
bolism, which is a common feature in diabetes. This eleva-
tion is likely due to increased hepatic production and im-
paired clearance of VLDL particles in diabetic patients.

Diabetes profoundly affects glucose metabolism, it may
not always significantly alter these lipid parameters [32].
It also highlights the complexity of lipid metabolism in
diabetes, where some individuals may not exhibit typical
dyslipidemia patterns. The clustering technique is a robust
unstructured statistical method that categorizes data into
discrete categories, or clusters, based on shared characte-
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Fig. 5. Distribution of patients in to two clusters using
parameters HbA1c, FBG, TFAs, and FBXW7

Notes: FBG - fasting blood glucose; TFAs — total fatty acids; FBXW7 — F-box
and WD repeat domain-containing protein 7.

ristics across subjects over several factors. This method is
particularly beneficial when scientists investigate a novel
dataset and aim to reveal concealed patterns or inherent
groups within the population. This study employed cluster
analysis on a dataset of 96 women diagnosed with T2DM.
The research effectively categorized the patients into two
separate clusters, indicating inherent variability among
individuals with diabetes. These clusters presumably in-
dicate metabolic or biochemical distinctions that may not
be evident through conventional classification based only
on clinical diagnosis. Differentiations in variables such as
FBXW?7, TFAs may facilitate the distinction. Identifying
these clusters can yield insights into patient subgroups,
illness development, or potential therapeutic efficacy.

CONCLUSIONS

In conclusion, FBXW7 levels are elevated in the pre-
diabetes cohort, whereas TFA levels peak in G3, exhibiting
a significant reduction in both prediabetic and diabetic
states. These findings highlight the possible function of
FBXW7 and TFA as indicators in the transition from pre-
diabetes to diabetes in women. The data is predominantly
homogeneous, with most points conforming to a consis-
tent pattern, although a minor subset displays diversity.
Furthermore, researchers recognize TFA as a significant
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predictor in diabetes, offering crucial insights for further
research or therapeutic applications.
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