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Abstract

BACKGROUND

Obesity and type 2 diabetes mellitus (T2DM) are frequent co-occurring disorders
that affect regular metabolic functions. Obesity has also been linked to an inc-
reased risk of developing diabetes. Obesity and diabetes are on the rise, increa-
sing healthcare costs and raising mortality rates. Research has revealed that the
expression profile of microRNAs (miRNAs) changes as diabetes progresses. Fur-
thermore, vitamin D may have an anti-obesity effect and inverse association with
body weight and body mass index (BMI). Low vitamin D levels do not solely
cause obesity, which could be a factor in the etiology of T2DM.

AIM
To evaluate miRNA-200a and miRNA-200b expression, and vitamin-D levels in
obese and obese T2DM individuals.

METHODS

This study included 210 participants, of which, 82 were obese (BMI > 30 kg/m?)
without T2DM, 28 were obese with T2DM, and 100 were healthy controls. BMI
was evaluated and both fasting and postprandial blood glucose were used to
confirm T2DM. Exosomal miRNA-200a and miRNA-200b expression were
analyzed using real-time PCR using Tagman probes, and vitamin-D levels were

6916 December 26,2024 | Volume12 | Issue36 |


https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v12.i36.6916
mailto:mirzamasroor1986@gmail.com

Alshahrani AF et al. MiRNA-200a, miRNA-200b expression, vitamin D level and DM

evaluated using an electrochemiluminescence-based immunoassay technique. All data analyses were performed
using SPSS 20.0 and GraphPad Prism 5 software.

RESULTS

Overall, a 2.20- and 4.40-fold increase in miRNA-200a and miRNA-200b expression was observed among
participants compared to healthy controls. MiRNA-200a and miRNA-200b expression among obese participants
increased 2.40-fold and 3.93-fold, respectively, while in obese T2DM participants these values were 2.67-fold, and
5.78-fold, respectively, and these differences were found to be statistically significant (P = 0.02) (P < 0.0001). Obese
participants showed a vitamin D level of 34.27 ng/mL, while in obese-T2DM participants vitamin D level was 22.21
ng/mL (P < 0.0001). Vitamin D was negatively correlated with miRNA-200a (r =-0.22, P = 0.01) and miRNA-200b (
r=-0.19, P = 0.04). MiRNA-200a sensitivity was 75%, and specificity was 57%, with a cutoff value of 2.07-fold.
MiRNA-200b sensitivity was 75%, and specificity was 71% with a cutoff value of 4.12-fold, suggesting that miRNA-
200a and miRNA-200b with an increased expression of 2.07- and 4.12-fold could be predictive indicators for the
risk of diabetes in obese participants.

CONCLUSION
MiRNA-200a and miRNA-200b were higher in diabetic obese participants vs non-diabetic obese participants, and
insufficient vitamin D levels in obese T2DM participants may be involved in poor clinical outcome.

Key Words: Obesity; Type 2 diabetes mellitus; MiRNA200a; MiRNA200b; Vitamin-D; Prognosis

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Obesity and being overweight are widespread health issues in modern societies, and their growing prevalence
poses a serious public health challenge due to both the financial burden and health risks involved. In humans, the expression
of miRNAs in adipose tissue has been demonstrated to be associated with various metabolic factors, including body mass
index, adipogenesis, blood sugar levels, and leptin concentrations. The microRNA (miRNA)-200 family is reported to be
more prevalent in human B-cells than in a-cells. The expression of miRNA-200a and miRNA-200b is regulated by
thioredoxin-interacting protein, a proapoptotic regulator. It has been suggested that a deficiency in vitamin D is closely
associated with obesity and plays a role in the development of insulin resistance and type 2 diabetes mellitus (T2DM).
Studies have indicated that vitamin D influences the expression of miRNAs both in adipocytes in laboratory settings and in
adipose tissue in living organisms. Therefore, the current work examines miRNA-200a and miRNA-200b expression, and
vitamin-D level in obese non-diabetic and obese T2DM individuals.
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INTRODUCTION

Obesity and overweight are two widespread health-related problems in modern societies, and the spread of obesity is
also associated with a real public health problem due to its costs and health effects. Indeed, excess body weight increases
the likelihood of various metabolic diseases such as heart disease, type 2 diabetes mellitus (T2DM), dyslipidemia, os-
teoarthritis, and other related diseases[1]. Many microRNAs (miRNAs) are differentially regulated in the white adipose
tissue in obese individuals vs non-obese individuals[2]. Fatty tissue from the visceral area is more critical for metabolism
than subcutaneous tissue[3]. It has been suggested that several miRNAs are expressed differently in subcutaneous and
visceral white adipose tissue[4]. In humans, a correlation between the expression of miRNAs in adipose tissue and di-
fferent metabolic parameters [body mass index (BMI), adipogenesis, glycemia, leptinemia] has been demonstrated[5].
Obesity is associated with inflammation in adipose tissue. The production of inflammatory cytokines can interfere with
insulin signaling and contribute to T2DM and other obesity-related diseases[6]. Endocrine activity in adipose tissue is
crucial to maintaining an average weight and regulating energy homeostasis. Thus, it is not unexpected that miRNAs
may be a new layer of regulation for the different functions of adipose tissue in obesity[7]. A growing body of evidence
indicates that a specific set of miRNAs has an altered expression profile during the progression of DM[8]. It has been
suggested that the miR-200 family is more abundant in human p-cells compared to a-cells[9]. The expression of miR-200a
and miR-200b is controlled by the proapoptotic regulator Txnip (thioredoxin-interacting protein)[10]. The overexpression
of miR-200b has been specifically shown to induce apoptosis in INS-1 cells (rat insulinoma cell line) by reducing Zebl
(zinc finger E-box binding homeobox 1)[10]. Recent work in a mouse model has also suggested the involvement of a miR-
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200-Zebl1 axis in regulating epithelial-to-mesenchymal transition and differentiation[11]. Additionally, in mice, the miR-
200 family induces B-cell apoptosis by modulating JazF1 (juxtaposed with another zinc finger protein 1)[12]. Vitamin D
modulates glycemic homeostasis and is involved in the modulation of glucose-mediated synthesis/secretion of insulin by
B-cells, increasing both hepatic and peripheral glucose uptake by direct and indirect mechanisms, and blunting inflam-
mation[13]. It has been shown that vitamin D deficiency is strongly linked to obesity, and it is involved in the de-
velopment of insulin resistance and T2DM, However, data from intervention studies with vitamin D supplementation to
recover insulin resistance and glucose tolerance are still controversial[14]. It has been demonstrated that vitamin D
modulates the expression of miRNAs in adipocytes in vitro and in adipose tissue in vivo[15]. However, very little is
known about the role of vitamin D as a mediator of miRNAs and vice versa. The functional implications of miRNA-200a
and miRNA-200b in human islets are still unclear. It has been suggested that miRNAs are key regulatory factors in
controlling gene expression and altering disease conditions. From this perspective, it is essential to understand the contri-
bution of the epigenetic alteration of miRNA-200a and miRNA-200b expression and its relationship with vitamin D in
obese and obese T2DM individuals.

MATERIALS AND METHODS

Subject selection, sample collection, and exosome isolation from serum

The current observational study included a total of 210 participants, of which 82 were obese (BMI > 30 kg/m?) without
T2DM, 28 were obese with T2DM, and 100 were healthy controls. Fasting and postprandial blood samples were collected
in fluoride vials from all 100 participants to screen for T2DM with obesity. 1 mL of blood was collected in EDTA vials to
measure hemoglobin (Hb)Alc and 1 mL of the blood sample was used to measure fasting blood glucose (glucose level
126 mg/dL) and postprandial blood glucose (two-hour blood glucose 200 mg/dL). Blood samples collected in plain vials
were centrifuged at 1500 rpm to separate the serum, which was collected and stored at -70°C. Before exosome isolation,
the samples were thawed and centrifuged at 3000 rpm to for 10-20 min to pellet and remove cells, debris, and platelets.
1.5 mL of serum was added into 600 pL of precipitation buffer A (miRCURY, Qiagen) and mixed for 30 s. The mixture
was incubated for 60 min at 2-8°C and centrifuged at 1500 rpm for 25 min at 20°C. After centrifugation, the pellets were
saved and resuspended in 200 pL of resuspension buffer and used for total exosomal RNA extraction. This research study
was ethically approved by the Research Ethics Committee, Ministry of Health, (Reg. No: 607-43-1478), Saudi Arabia.

Exosomal RNA extraction, polyadenylation, and cDNA synthesis

Total RNA was extracted from exosomes suspended in resuspension buffer using Trizol and stored at -70°C in RNase-
free Eppendorf tubes. Their A260/280 ratio determined the quality and purity of the RNA. According to the manu-
facturer's protocol, 100 ng of total RNA was used for polyadenylation and cDNA synthesis using the advanced
microRNA cDNA Synthesis Kit (TagMan, Thermo Scientific, United States). The reverse transcriptase enzyme and other
essential reagents were subsequently added for cDNA synthesis to transcribe poly (A)-tailed miRNAs into cDNA using
the universal RT primer supplied with the manufacturer’s kit.

Quantitative real-time-PCR for miRNA-200a and miRNA-200b expression

The miRNA-200a and 200b expression level was calculated using quantitative real-time PCR (qPCR). To calculate the
expression, qPCR was performed with TagMan master mix (4444556), TagMan probes for miRNA-200a (478752_mir), and
TagMan probes for miRNA-200b (478753 _mir) for quantification, and U6 (001973) as an internal control.

Vitamin D level

Serum from all individuals was frozen and then thawed for the electrochemiluminescence-based immunoassay technique
to evaluate serum vitamin D levels. Serum 25 (OH) D levels < 20 ng/mL were used to designate vitamin D deficiency,
whereas levels < 30 ng/mL were considered insufficient, and levels 30 ng/mL or more were considered sulfficient.

Statistical analysis

All data analyses were performed using SPSS 20.0 and GraphPad Prism 5 software. The 2t deta¢) method was applied to
compute the fold change in expression of miRNA-200a and miRNA-200b in obese non-diabetic and obese T2DM
individuals. Cases compared to controls and based on the expression level < 1-fold or > 1-fold were considered low and
high, respectively. The y? and Fisher’s exact tests were used to compare the groups and vitamin D levels were compared
among the obese and obese with T2DM participants. A receiver operating characteristic (ROC) curve was plotted to
determine the prognostic importance of miRNA-200a and miRNA-200b among the participants, and P < 0.05 was
considered statistically significant.

RESULTS

Demographics of the study participants
The study included 100 healthy controls, 82 obese, and 28 obese T2DM individuals. Among the healthy controls, 65%
were male, and 35% were female; in obese participants, 70.7% were male, 29.3% were female; in obese T2DM participants,
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Figure 1 Demographic parameters of the participants. A: Healthy controls, obese and obese with type 2 diabetes mellitus participants; B: Male and female
participants in the healthy controls, obese and obese with type 2 diabetes mellitus; C: Hypertensive and non-hypertensive participants in the healthy controls, obese
and obese with type 2 diabetes mellitus; D: Smoking and nonsmoking participants in the healthy controls, obese and obese with type 2 diabetes mellitus. T2DM: Type
2 diabetes mellitus.

39.3% were male, and 60.7% were female. Among the healthy controls, 17% were hypertensive, and 83% were non-
hypertensive; among the obese participants, 26.8% were hypertensive, 73.2% were non-hypertensive, while in obese
T2DM participants, 60.7% were hypertensive, and 39.3% were non-hypertensive. Among the healthy controls, 32% were
smokers, and 68% were non-smokers; among the obese participants, 47.6% were smokers, and 52.4% were non-smokers,
while in obese T2DM participants, 57.2% were smokers, and 42.8% were non-smokers (Figure 1).

Comparison of biochemical parameters between healthy control, obese, and obese with diabetes participants
Biochemical parameters were compared between the healthy control, obese, and obese with T2DM individuals (Table 1).
We compared glucose and lipid parameters, and observed significant differences in fasting blood glucose (P< 0.0001),
postprandial glucose (P< 0.0001), and HbAlc (P< 0.0001) among the healthy controls, obese and obese T2DM par-
ticipants. Lipid parameters such as high-density lipoprotein (HDL) (P< 0.0001), low-density lipoprotein (LDL) (P<
0.0001), triglycerides (TG) (P< 0.0001), cholesterol (P< 0.0001), and very low-density lipoprotein (VLDL) (P< 0.0001)
showed significant differences between the three groups.

Comparison of miRNA-200a and miRNA-200b expression in obese and obese T2DM participants

The miRNA-200a and miRNA-200b expression was compared in obese and non-obese T2DM participants (Figure 2).
Overall, a 2.20-fold increase in miRNA-200a and a 4.40-fold increase in miRNA-200b were observed in the obese and
obese T2DM groups compared to healthy controls. It was observed that miRNA-200a was lower in obese participants
(2.40 + 1.04) and higher in obese T2DM participants (2.67 + 1.10) (P = 0.02). A comparison of miRNA-200b was also co-
nducted between obese and non-obese T2DM participants; obese participants had a 3.93-fold increase in miRNA-200b
expression while obese T2DM participants had a 5.78-fold increase in miRNA-200b expression (P < 0.0001).

MiRNA-200a and miRNA-200b expression, hypertension, and smoking

We compared miRNA-200a expression with regard to hypertension and smoking status (Figure 3). It was observed that
miRNA-200a expression was high in hypertensive participants (2.66 + 1.41) compared to non-hypertensive participants
(1.92 + 1.26) and the difference was statistically significant (P = 0.008). An important difference was observed in miRNA-
200a with regard to smoking status among the participants. We also compared miRNA-200b expression in terms of
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Figure 2 MiRNA-200a and miRNA-200b expression. A: Obese; B: Obese with type 2 diabetes mellitus. T2DM: Type 2 diabetes mellitus.
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Table 1 Comparison of biochemical parameters in healthy controls, obese, and obese with type 2 diabetes mellitus participants, mean

xSD

Biochemical parameters Healthy controls Obese Obese type 2 diabetes P value
Fasting blood glucose (mg/dL) 82.91 +8.34 87.48 +5.50 185.4 +£39.50 <0.0001
Postprandial blood glucose (mg/dL) 128.3 +£8.44 135.0 £5.54 239.7 £43.21 <0.0001
HbAlc (%) 5.18 +4.47 5.65 + 0.54 8.28 +0.55 <0.0001
HDL (mg/dL) 56.14 % 5.90 4591 +13.49 43.32+11.66 <0.0001
LDL (mg/dL) 98.35 +10.89 203.6 + 18.65 202.3 +13.71 <0.0001
TG (mg/dL) 124.7 £15.27 282.3 +76.87 424.7 +76.32 <0.0001
Cholesterol (mg/dL) 161.9 + 23.80 237.7 +34.73 279.7 +27.58 <0.0001
VLDL (mg/dL) 25.27 +2.40 34.89 £5.68 35.50 + 4.79 <0.0001

HDL: High-density lipoprotein; LDL: Low-density lipoprotein; TG: Triglycerides; VLDL: Very low-density lipoprotein.

Table 2 Correlation analysis of miRNA-200a and miRNA200b with biochemical parameters

miRNA-200a miRNA-200b
Biochemical parameters

r P value r P value
Fasting blood glucose 0.16 0.09 0.26 0.005
Postprandial blood glucose 0.25 0.007 0.28 0.003
HbAlc 0.21 0.02 0.23 0.01
HDL 0.01 0.88 -0.27 0.004
LDL 0.14 0.13 0.03 0.73
TG 0.11 0.24 0.31 0.001
Cholesterol 0.24 0.009 0.34 <0.0001
VLDL 0.08 0.40 0.26 0.006

HDL: High-density lipoprotein; LDL: Low-density lipoprotein; TG: Triglycerides; VLDL: Very low-density lipoprotein.

hypertension and smoking status (Figure 3B). Higher miRNA-200b expression was observed in hypertensive participants
(4.65 + 1.65) compared to non-hypertensive participants (4.25 + 2.16), and the difference was statistically significant (P =
0.04). A substantial difference in miRNA-200b was observed with regard to smoking status.

Correlation of biochemical parameters with miRNA200a and miRNA200b

A correlation analysis was performed to determine the association between miRNA-200a and miRNA-200b with glucose
and lipid parameters (Table 2). MiRNA-200a showed a positive correlation with postprandial blood glucose (r = 0.25, P =
0.007), HbAlc (r = 0.21, P = 0.02), and cholesterol (r = 0.24, P = 0.009). MiRNA-200b also showed a positive correlation
with fasting blood glucose, postprandial blood glucose, HbAlc (r = 0.23, P = 0.01), TG (r = 0.31, P = 0.001), cholesterol (r =
0.34, P <0.0001), VLDL (r = 0.26, P = 0.006), and a negative correlation with HDL (r = -0.27, P = 0.004).

Comparison of vitamin D levels among obese and obese T2DM participants

The level of vitamin D was analyzed in the obese and obese T2DM groups (Figure 4). The level of vitamin D in obese
participants was 34.27 ng/mL, while in obese T2DM participants, the vitamin D level was 22.21 ng/mL, and the
difference was statistically significant (P < 0.0001).

Association of vitamin D with miRNA-200a and miRNA-200b expression

A correlation analysis was also performed to determine the association between vitamin D with miRNA-200a and
miRNA-200b (Figure 5). Vitamin D was found to be negatively correlated with miRNA-200a (r = -0.22, P = 0.01) and
miRNA-200b (r = -0.19, P = 0.04). It is suggested that the decrease in vitamin D levels was due to the increase in miRNA-
200a and miRNA-200b in the participants.
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Figure 5 Correlation of vitamin D with miRNA-200a and miRNA-200b in obese and obese with type 2 diabetes mellitus participants. A:
MiRNA-200a; B: MiRNA-200b.

Prognostic significance of miRNA-200a and miRNA-200b expression

To understand the prognostic importance of miRNA-200a and miRNA-200b, a ROC was plotted between obese and obese
T2DM participants (Figure 6, Table 3). The area under the curve (AUC) for miRNA-200a was 0.64, sensitivity was 75%,
and specificity was 57%, with a cutoff value of 2.07-fold. For miRNA-200b, the AUC was 0.75, sensitivity was 75%, and
specificity was 71%, with a cutoff value of 4.12-fold. This suggests that miRNA-200a and miRNA-200b with increased
expression of 2.07- and 4.12-fold could be predictive indicators for the risk of diabetes in obese individuals, respectively.

DISCUSSION

Obesity or excessive weight gain is recognized as the most critical and significant risk factor for the development and
progression of T2DM across all age groups. Obesity and diabetes are chronic conditions that are rising worldwide,
necessitating innovative strategies to manage and prevent diabetes in obese individuals[16]. The complex interplay and
shared pathophysiological mechanisms between obesity and T2DM contribute to the increased prevalence and incidence
of insulin resistance, dyslipidemia, non-alcoholic fatty liver disease, and a range of metabolic abnormalities in obese
individuals and increases in BMI and abdominal fat distribution directly elevate the risk of T2DM, as changes in adipose
tissue biology connect obesity to insulin resistance and beta cell dysfunction[17]. The present study investigated the role
of miRNA-200a and miRNA-200b in obese participants with and without T2DM, Higher miRNA-200a and miRNA-200b
expression were observed and significant differences in miRNA-200a and miRNA-200b were found between obese
participants without T2DM and with T2DM. Higher miRNA-200a expression was observed among those with
hypertension and smokers while miRNA-200b was significantly higher in hypertensive participants.

The study by Crépin et al in 2014 revealed that the overexpression of pre-miR-200a in a human neuroblastoma cell line
disrupted both insulin and leptin signaling, this suggested a connection between altered leptin and insulin signaling and
the up-regulation of hypothalamic miR-200a, which may serve as a potential target for obesity treatment[18]. Overex-
pression of the miRNA-200 family in mice triggers apoptosis of pancreatic B cells, leading to reduced insulin production
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Table 3 Area under the curve for miRNA-200a, miRNA-200b, sensitivity, specificity and cutoff value

Variables AUC 95%Cl Sensitivity Specificity Cutoff Pvalue
miRNA-200a 0.64 0.53-0.75 75% 57% 2.07 fold 0.02
miRNA-200b 0.75 0.64-0.75 75% 71% 412 fold <0.0001

AUC: Area under the curve.
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Figure 6 Prognostic importance of miRNA-200a and miRNA-200b in obese vs obese with type 2 diabetes mellitus participants. A: MiRNA-
200a; B: MiRNA-200b.

and resulting in severe type 2 diabetes[19]. Similarly, the study by Martino et al[20] in 2015 suggested that expression of
the miRNA-200 family may reduce insulin production by inducing apoptosis in pancreatic p cells[20]. Correlation
analysis was carried out between biochemical parameters and both miRNA-200a and miRNA-200b, and a positive
correlation was observed between miRNA-200a and postprandial glucose, HbAlc, and cholesterol. In addition, a positive
correlation was observed between miRNA200b and fasting blood glucose, postprandial glucose, HbAlc, TG, cholesterol,
and VLDL, and a negative correlation with HDL.

We compared the vitamin D level in obese vs obese with T2DM participants and observed that those with obesity and
T2DM had lower vitamin D levels. Abed et al[21] in 2024, proposed a link between vitamin D and insulin resistance,
particularly in individuals with T2DM. Obesity, combined with insulin resistance, may further increase the risk of other
health-related complications[21]. Individuals with obesity often have low vitamin D levels due to factors such as a greater
volume of distribution, vitamin D being tightly bound in fat tissues, reduced absorption, and diets deficient in vitamin D
[22]. In a 2023 study, Vijay et al[23] observed vitamin D deficiency in patients with T2DM and suggested that consistent
vitamin D supplementation could help prevent further complications in these patients[23]. Most individuals with T2DM
in a study conducted at the King Faisal University Health Center in Saudi Arabia were found to have below-normal
vitamin D levels[24]. Bhatt ef al[25] in 2020, observed significant reductions in fasting blood glucose, 2-hour blood glucose
(post-OGTT), HbAlc, and truncal subcutaneous fat after 78 weeks of vitamin D supplementation in overweight/obese,
prediabetic, and vitamin D-deficient Asian Indian women[25]. In patients with T2DM, who are overweight or obese,
serum 25 (OH) D levels are inversely correlated with TG. Therefore, providing vitamin D supplementation is crucial,
especially for obese individuals with T2DM[26]. Those with the lowest vitamin D levels also had the greatest BMI.
Furthermore, the degree of vitamin D insufficiency was found to be negatively linked with being overweight/obese.
Patients with vitamin D insufficiency were more insulin resistant and had higher oxidative stress (particularly those with
severe deficiency)[27]. MiRNAs control dynamic posttranscriptional regulatory networks. Not only do miRNAs alter
vitamin D signaling, but vitamin D regulates miRNA networks throughout homeostasis and illness across species[28].

This study observed insufficient levels of vitamin D among obese T2DM participants; however, the level of vitamin D
was sufficient among obese participants. A study carried out in a population in Lagos, Nigeria, demonstrated that
vitamin D deficiency was 63.2% in T2DM patients, which is in a similar range[29]. The prevalence of vitamin D deficiency
and insufficiency was 38.4% and 21.9%, respectively, in another study conducted in a referral hospital in Kenya with only
T2DM patients as the study group[30]. Most individuals in a study conducted at the King Faisal University Health Center
in Saudi Arabia who had T2DM had lower vitamin D levels[24].

We observed a negative correlation between miRNA-200a and miRNA-200b with vitamin D level, which suggested
that increasing miRNA-20a and miRNA-20b would decrease vitamin-D level, influencing disease severity. Prognostic
efficacy was evaluated in obese T2DM vs obese participants, and it was observed that miRNA-200a and miRNA-200b can
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be used as predictive markers using cutoff values of 2.07-fold and 412-fold, respectively. Vitamin D insufficiency has been
associated with pregnancy issues such as gestational diabetes, hypertension, and bacterial vaginosis[31]. Although many
of these responses may involve transcriptional control, it appears that differences in vitamin D-mediated miRNA
expression may also affect pregnancy health outcomes at the posttranscriptional level[32]. Our study concluded that
miRNA-200a and miRNA-200b were higher among diabetic obese participants vs non-diabetic obese participants, and
higher miRNA-200a and miRNA-200b were observed among hypertensive individuals. Overexpression of miRNA-200a
and miRNA-200b was linked to altered glucose and lipid parameters, which could lead to severe disease and other
health-related complications. Insufficient vitamin D among obese T2DM individuals may be involved in poor clinical
outcome, disease progression, and worsening of disease. The ROC was evaluated and it was found that higher miRNA-
200a and miRNA-200b expression could be used as prognostic indicators for disease worsening and for the prediction of
obesity with diabetes.

CONCLUSION

Monitoring dysregulation of miRNAs is very important in controlling disease outcomes and the evaluation of vitamin D
levels could be used to prevent disease progression and further health-related complications.
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