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Abstract
Obesity and atherosclerosis are significant metabolic diseases characterized by disrupted lipid metabolism. 
MicroRNAs (miRNAs) are small, conserved, non-coding RNA sequences consisting of approximately 22 nucleotides, 
playing crucial roles in biological and pathological functions. Among these, miR-33a/b is particularly associated 
with metabolic diseases, notably obesity and atherosclerosis. In this pilot case-control study, 45 subjects were 
examined, and serum miR-33b levels were measured in three groups: a control group, hypercholesterolemic (HC) 
subjects without obesity (HC group), and obese subjects without hypercholesterolemia (obese group). Serum 
miR-33b levels were determined using the real-time PCR method. The expression of miR-33b was significantly 
higher in the HC and obese groups compared to the control group (p < 0.001). The Body mass index (BMI) in 
the obese group was significantly higher than in the control and HC groups (p < 0.001). Additionally, serum total 
cholesterol (TC) and high-density lipoprotein cholesterol (HDL-c) levels were higher in the HC group compared 
to both the control and obese groups. Our study demonstrated a correlation between serum miR-33b levels 
and HC and obesity. Finally, the ROC analysis demonstrated that miR-33b had an AUC of 0.74 for identifying 
hypercholesterolemia and an AUC of 0.76 for identifying obesity, indicating its acceptable diagnostic value 
alongside traditional markers. Therefore, serum miR-33b levels can be considered as a potential biomarker for 
obesity and hypercholesterolemia, but these finding are preliminary and further investigation is necessary in larger 
samples to confirm these associations.
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Introduction
MicroRNAs (miRNAs) are non-coding, conserved RNA 
sequences consisting of a single strand of approximately 
22 nucleotides. They play an important role in cellular 
processes by modulating physiological homeostasis and 
are implicated in various pathological conditions [1–4]. 
By binding to specific regions of their targets, miRNAs 
can either suppress the translation of the target gene or 
degrade its mRNA [5, 6]. Cholesterol is a vital molecule 
for cells, essential for maintaining the integrity of the cell 
membrane and the function of membrane proteins. Con-
sidering that hypercholesterolemia is a major contributor 
to cardiovascular diseases (CVD) [7], controlling choles-
terol levels is important to safeguard health and prevent 
CVD [3]. Obesity is a complex disease characterized by 
the excessive accumulation of lipids in the body [2]. The 
prevalence of obesity has reached epidemic levels, pos-
ing a significant challenge as it is a risk factor for various 
other diseases, including metabolic disorders, diabetes, 
and CVD. The management and treatment of obesity and 
related conditions present a serious challenge due to the 
increasing prevalence over time [5, 8].

The effects of miRNAs can be inhibited, which helps 
reveal the functions of miRNAs such as miR-33a/b, 
miR-130b, miR-143/145, and miR-375, which have 
demonstrated significant effects on atherosclerosis and 
obesity [5, 9–11]. One miRNA closely associated with 
CVD and obesity is miR-33a/b, which plays a regulatory 
role in cholesterol and lipid metabolism [3, 12]. Stud-
ies have shown that miR-33a and miR-33b are intronic 
miRNAs encoded within the intronic regions of the ste-
rol response-element binding protein-2 (SREBP-2) and 
SREBP-1 genes, respectively [13, 14]. SREBP transcrip-
tion factors play a key role in regulating cholesterol levels 
and fatty acid metabolism; their dysregulation is linked to 
conditions such as obesity, atherosclerosis, and metabolic 
syndrome [5].

The involvement of miRNAs in various human dis-
eases, particularly cardio-metabolic conditions such as 
metabolic syndrome, obesity, and coronary heart disease 
has been established [3, 7, 15]. miR-33a/b downregulates 
ATP-binding cassette subfamily A member 1 (ABCA1) 
and influences Carnitine O-Octanoyltransferase 
(CROT), Hydroxy acyl-CoA dehydrogenase subunit beta 
(HADHB), and Niemann-Pick C1 (NPC1) genes, which 
encode important enzymes involved in fatty acid metab-
olism and cholesterol transport. Inhibiting miR-33a/b 
in non-human primates led to elevated levels of plasma 
high-density lipoprotein cholesterol (HDL-c) [3, 12–19]. 
Studies have indicated that miR-33b promotes the trans-
port of cholesterol from macrophages to plasma and 
liver, suggesting that inhibiting miR-33 could potentially 
prevent foam cell formation and atherosclerosis [19]. 
Price et al. (2021) observed that hepatic miR-33 knockout 

enhanced metabolic balance and liver function without 
affecting body weight or atherosclerosis improvement. 
Notably, hepatic miR-33 deficiency increased reverse 
cholesterol transport capacity and HDL-c levels in mice 
[20]. Conversely, Karunakaran et al. demonstrated in 
a mouse model of diet-induced obesity that therapeu-
tic silencing of miR-33 boosted whole-body oxidative 
metabolism but did not affect metabolic dysregulation. 
Their findings suggest that reducing miR-33 may attenu-
ate atherosclerosis as a safe treatment option [19].

Recent studies suggest that inhibiting miR-33 may have 
detrimental effects on lipid and insulin metabolism in 
mice [3, 12], leading to obesity and insulin resistance in 
miR-33-deficient mice fed a high-fat diet (HFD) [1]. It has 
been reported that levels of miR-33a/b were elevated in 
the serum of children with hypercholesterolemia com-
pared to healthy control subjects [7]. Additionally, circu-
lating miR-33 was found to be higher in obese individuals 
compared to the control group, although this increase 
was not statistically significant [15]. While inhibiting 
miR-33 was proposed as a means to raise HDL-c levels 
and improve atherosclerosis, the results have been con-
flicting [11, 18–20].

miRNAs play a role in human diseases, and some are 
being explored as valuable clinical tools. miRNAs can 
assist in disease diagnosis because they vary in various 
tissues, such as adipose tissue and liver, linked to obesity, 
atherosclerosis, and metabolic syndrome [11, 12]. The 
alterations in miR-33 expression are influenced by dif-
ferent diseases, and determining which disease is most 
closely associated with changes in miR-33 and poten-
tial miR-33 action as a biomarker for metabolic disease 
remain the questions of interest. In this study, we exam-
ined the variations in serum miR-33 levels in a group of 
obese individuals without hypercholesterolemia and in 
individuals with hypercholesterolemia who were not 
obese, comparing them with a control group without 
metabolic disease. Also, determine the predictive value of 
miR-33b in these patients.

Materials and methods
Participants
This study is a pilot case-control study which used the 
information from the individuals who participated in 
our study were selected from the population-based KER-
CADRS (Kerman Coronary Artery Disease Risk Factors 
Study) conducted in Kerman province, Iran. The KER-
CADRS study recruited 5,900 city residents aged 15 to 
75. Three groups were defined: a control group, HC group 
(participants with hypercholesterolemia without obesity), 
and an obese group (obese individuals without hypercho-
lesterolemia). All participants in the KERCADRS study 
were informed about the study protocols, and written 
informed consent was obtained from each participant 
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[20]. The current study was approved by the Ethics Com-
mittee of Kerman University of Medical Sciences (Ethics 
approval code: IR.KMU.REC.1396.2486), and all proce-
dures were conducted in accordance with the standards 
outlined in the Declaration of Helsinki (1964). The par-
ticipants’ data were obtained from November 11, 2019, to 
March 10, 2020. The authors had no access to informa-
tion that could identify individual participants during or 
after data collection.

Demographic, clinical, and anthropometric measurements
The following parameters were extracted from the 
KERCADRS main database at the Kerman Physiol-
ogy Research Center for the participants in this study: 
sex, age, body mass index (BMI) [defined as weight (kg) 
divided by the square of height (m2)], where accord-
ing to the World Health Organization (WHO) an over-
weight person is defined as having a BMI between 25 
and 29  kg/m2, and an obese person is defined as hav-
ing a BMI ≥ 30  kg/m2. Hypertension was defined as 
blood pressure (BP) > 140/90 mmHg. Total cholesterol 
(TC) < 200  mg/dL was defined as normal, while levels 
higher that 220 mg/dl were defined as hypercholesterol-
emia. Fasting blood sugar (FBS) < 100 mg/dL was defined 
as normal, and ≥ 126 mg/dL was defined as diabetic. BP 
was measured in a sitting position after 10  min at rest. 
The medical history of hyperlipidemia and CVD was 
recorded by a general practitioner. Smoking status was 
reported as current smoker if the subject stated that he/
she has been smoking cigarette. For participants with a 
positive drug history, the type of drug was recorded. 
Hyperlipidemia was defined as serum TC > 240  mg/dL, 
HDL-c < 35  mg/dL, and triglyceride (TG) > 200  mg/dL. 
The triglyceride-glucose index (TyG) has been proposed 
as a surrogate marker of insulin resistance and was calcu-
lated as; (Ln) [fasting TG (mg/dL) × FBS (mg/dL) / 2] [4, 
10, 21–23].

Diet assessment
Participants in KERCADRS also completed a question-
naire regarding their diet and nutritional habits. The 
questionnaire and additional information can be found in 
the main KERCADRS article [21].

Biochemical measurements
A 10 mL blood sample was collected from each partici-
pant in a glass tube. The blood sample was left at room 
temperature for 30  min to allow clot formation. Subse-
quently, the blood sample was centrifuged at 4000  rpm 
for 10  min, separating the serum from other cellular 
components. The collected serum was aliquoted and 
stored at -80 °C for future measurements. FBS, TG, TC, 
and HDL-c were measured using a Biochemical Autoana-
lyzer (Hitachi 902, Roche Diagnostics, USA) [4, 21].

Physical activity
The physical activity of each participant was assessed 
using the Global Physical Activity Questionnaire (GPAQ) 
as previously described [21].

Exclusion criteria
Subjects with diseases such as cancer, thyroid disorders, 
liver diseases, and other malignancies were excluded 
from this study. Control individuals were selected from 
participants with a BMI < 25, normal TC, TG, FBS, and 
BP. Participants with other conditions like cancer, thy-
roid dysfunctions, and liver conditions were not included 
in the study. Individuals with hypercholesterolemia 
and a BMI > 25  kg/m2, as well as obese subjects with 
TC > 200 mg/dL, were also excluded.

RNA extraction, cDNA synthesis and quantitative real-time 
PCR
For RNA extraction, we utilized the Total RNA Purifica-
tion Micro Kit, extracting miRNAs from serum, including 
miR-33b, where total and small RNAs < 200 nucleotides 
were isolated (Total RNA purification micro kit, Cat 35350, 
NORGEN BIOTEK Corp, Canada). The serum was initially 
vortexed with RL buffer (175 µl), followed by the addition 
of 200  µl of 96% ethanol and vertexing for 10  s. The cel-
miR-39 RNA from NORGEN BIOTEK (cel-miR-39 spike-in 
kit; No. 59000) was used as control in this step. The mixture 
was then applied to a column and centrifuged at 6000 rpm 
for 1 min at room temperature. The flow-through was dis-
carded, and the column was washed with 400  µl of Wash 
Solution A, with centrifugation for 1 min at 6000 rpm (room 
temperature). This step was repeated before a final centrifu-
gation for 2 min at 6000 rpm (room temperature). The col-
umn was then placed into an Elution tube provided by the 
kit, and Elution Solution A (50 µl) was added to the column, 
followed by centrifugation for 2  min at 2000  rpm (room 
temperature) and then 1 min at 14,000 rpm. The extracted 
RNA was used for cDNA synthesis using the Norgen micro-
Script microRNA cDNA Synthesis Kit (NORGEN BIOTEK, 
54415, Canada). A 10 µl reaction mix containing the micro-
Script microRNA enzyme mix (1  µl) and the extracted 
RNA was incubated in a thermocycler (BioRad) at 75  °C 
for 30 min, 50 °C for 30 min, 70 °C for 15 min, and finally 
stored at -20 °C until used for real-time PCR. The obtained 
cDNA was diluted 3-fold with nuclease-free water as per kit 
instructions and used in the real-time PCR reaction. The 
real-time PCR for miR-33b measurement involved an initial 
step at 94  °C for 3 min, followed by 40 cycles of 94  °C for 
15 s and 60 °C for 30 s using Ampliqon SYBR Green Mas-
ter Mix with the ABI Step One Plus instrument. Real-time 
PCR reactions were performed in triplicate, and for the 
normalization of miR-33b values, cel-miR-39 RNA from 
NORGEN BIOTEK (cel-miR-39 spike-in kit; No. 59000) 
was used. According to the kit instructions, NORGEN’s 
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microRNA (cel-miR-39) Spike-In Kit provides quantified 
synthetic RNA (cel-miR-39) for use in RNA extraction and 
normalization in RT-qPCR assays. The recovery of cel-
miR-39 RNA correlates directly with total RNA recovery. 
After reverse transcription of the spiked sample RNA, the 
cel-miR-39 level can be measured using real-time PCR. 
The expression level of miR-33b was determined using the 
2−ΔΔCt method [4].

Statistical analysis
The statistical analysis was conducted using SPSS Version 26 
(IBM SPSS Statistics for Windows, Version 26.0, Armonk, 
NY: IBM), Stata (Release 17. College Station, TX: Stata-
Corp LLC) and Med-Calc (Version 22, MedCalc Software 
bv, Ostend, Belgium). All statistical teste were two-tailed, 
and P < 0.05 was considered statistically significant. Data 
were presented as Mean ± SD, except for the TC/HDL-c 
ratio (THR), which was expressed as Mean ± SEM. One-
way analysis of variance (ANOVA) was utilized to assess 
the differences in mean miR-33b and other demographic 
and clinical variables among the three groups, followed by 
Tukey’s test for pairwise comparisons. The Chi-square test 

was employed to analyze frequency differences. In order 
to determine the correlation between miR-33b levels and 
other factors the Pearson correlation coefficient was calcu-
lated. Three adjustment models were employed: Model 1 
Adjusted: for age, sex, physical activity and history of hyper-
cholesteremia, Model 2 Adjusted: for BMI, TyG, TG, Model 
3 Adjusted: for TC, HDL-c, LDL-c, THR. The predictive 
power of BMI, HDL-c, LDL-c, miR-33b, TC, THR, TG, and 
TyG ratios in identifying obesity and hypercholesterolemia 
was evaluated using receiver operating characteristic (ROC) 
curves and the area under the curve (AUC). Sensitivity, 
specificity, and positive predictive values (PPV) were calcu-
lated for each indicator. Optimal cutoff points were deter-
mined based on the maximum Youden Index (J), calculated 
as J = maximum (sensitivity + specificity-1) and PPV was 
calculated using the formula: PPV = True Positives / (True 
Positives + False Positives).

Results
Participant characteristics are displayed in Tables  1 
and 2, and 3. No significant variances were observed 
in disease history, medication use (except for taking 

Table 1 Comparison of characteristics of participants across three groups
Total Healthy HC Obese p-value
N = 45 N = 15 N = 15 N = 15

History of hyperlipidemia, n (%) 9 (20.00) 2 (13.33) 5 (33.33) 2 (13.33) 0.11
Taking anti-hyperlipidemic drug, n (%) 4 (44.44) 2 (13.30) 10 (66.70) 2 (13.30) 0.01
History of cardiovascular disease, n (%) 4 (8.89) 0 (0.00) 2 (13.33) 2 (13.33) 0.33
Taking anti-hypertensive drug, n (%) 7 (15.56) 1 (6.67) 3 (20.00) 3 (20.00) 0.51
Taking anti-diabetic drug, n (%) 3 (6.67) 0 (0.00) 2 (13.33) 1 (6.67) 0.34
Current smoker, n (%) 6 (13.33) 2 (13.33) 2 (13.33) 2 (13.33) 1.00
Low physical activity, n (%) 18 (40.00) 4 (26.67) 8 (53.33) 6 (40.00) 0.27
Data are presented as n (%) for categorical measures using Chi-square test

Table 2 Comparison of characteristics of participants across three groups
Total Healthy HC Obese p-value
N = 45 N = 15 N = 15 N = 15 Overall H vs. HC H vs. O HC vs. O

Male N = 21 N = 7 N = 7 N = 7
Age (years) 49.71 (9.11) 49.20 (10.76) 51.73 (8.40) 48.20 (8.21) 0.56 0.73 0.95 0.55
Weight (kg) 69.98 (16.66) 63.47 (9.15) 57.53 (8.53) 88.93 (10.91) < 0.001 0.22 < 0.001 < 0.001
Height (cm) 164.89 (9.37) 165.85 (10.01) 161.85 (8.85) 166.99 (9.03) 0.29 0.47 0.94 0.30
SBP (mmHg) 112.67 (14.00) 109.00 (14.17) 115.67 (16.13) 113.33 (11.44) 0.43 0.40 0.68 0.89
DBP (mmHg)) 72.89 (9.20) 69.00 (9.30) 72.67 (7.99) 77.00 (9.02) 0.06 0.49 0.04 0.38
FBS (mg/dl) 111.09 (55.97) 89.80 (5.52) 132.33 (76.04) 111.13 (55.34) 0.11 0.09 0.54 0.54
TC (mg/dl) 195.20 (52.68) 156.33 (27.09) 262.00 (15.60) 167.27 (22.59) < 0.001 < 0.001 0.38 < 0.001
TG (mg/dl) 117.69 (53.66) 72.13 (21.67) 145.40 (42.35) 135.53 (58.29) < 0.001 < 0.001 < 0.001 0.81
HDL-c (mg/dl) 43.82 (12.30) 40.67 (7.23) 53.60 (13.76) 37.20 (8.58) < 0.001 0.004 0.63 < 0.001
BMI (kg/m2) 25.58 (4.94) 22.98 (1.65) 21.92 (2.37) 31.82 (2.25) < 0.001 0.36 < 0.001 < 0.001
LDL-c (mg/dl) 127.84 (43.37) 101.24 (27.52) 179.32 (21.97) 102.96 (20.27) < 0.001 < 0.001 0.98 < 0.001
THR 4.61 (1.26) 3.98 (1.06) 5.24 (1.54) 4.62 (0.78) 0.019 0.01 0.30 0.33
TyG 8.61 (0.67) 8.04 (0.32) 9.01 (0.60) 8.78 (0.63) < 0.001 < 0.001 < 0.001 0.46
BMI, body mass index; FBS, fasting blood sugar; TC, total cholesterol; TG, triglyceride; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein 
cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; THR, TC/HDL-c ratio; TyG, triglyceride glucose index. Data are presented as Mean (SD) for 
continuous measures using ANOVA and adjusted for multiple comparisons using Tukey’s HSD test
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Table 3 Frequency of dietary habits across three groups
Total Health HC Obese p-value

Food Consumption N = 45 N = 15 N = 15 N = 15
High-fat dairy Monthly 39 (86.67) 14 (93.33) 12 (80.00) 13 (86.67) 0.56

Weekly 6 (13.33) 1 (6.67) 3 (20.00) 2 (13.33)
Low-fat dairy Monthly 26 (57.78) 13 (86.67) 6 (40.00) 7 (46.67) 0.02

Weekly 19 (42.22) 2 (13.33) 9 (60.00) 8 (53.33)
Red meat (Beef & Lamb) Monthly 38 (84.44) 12 (80.00) 12 (80.00) 14 (93.33) 0.51

Weekly 7 (15.56) 3 (20.00) 3 (20.00) 1 (6.67)
White meat (Chicken & poultry) Monthly 38 (84.44) 14 (93.33) 11 (73.33) 13 (86.67) 0.31

Weekly 7 (15.56) 1 (6.67) 4 (26.67) 2 (13.33)
Fish & Shrimp meat Monthly 18 (40.00) 8 (53.33) 5 (33.33) 5 (33.33) 0.43

Weekly 27 (60.00) 7 (46.67) 10 (66.67) 10 (66.67)
Vegetables Monthly 39 (86.67) 13 (86.67) 12 (80.00) 14 (93.33) 0.56

Weekly 6 (13.33) 2 (13.33) 3 (20.00) 1 (6.67)
Fruit Monthly 42 (93.33) 14 (93.33) 14 (93.33) 14 (93.33) 1.00

Weekly 3 (6.67) 1 (6.67) 1 (6.67) 1 (6.67)
Refined grain Monthly 3 (6.67) 1 (6.67) 1 (6.67) 1 (6.67) 1.00

Weekly 42 (93.33) 14 (93.33) 14 (93.33) 14 (93.33)
Legumes Monthly 44 (97.78) 15 (100.00) 14 (93.33) 15 (100.00) 0.36

Weekly 1 (2.22) 0 (0.00) 1 (6.67) 0 (0.00)
Saturated oil Monthly 14 (31.11) 4 (26.67) 5 (33.33) 5 (33.33) 0.90

Weekly 31 (68.89) 11 (73.33) 10 (66.67) 10 (66.67)
Unsaturated oil Monthly 38 (84.44) 14 (93.33) 12 (80.00) 12 (80.00) 0.51

Weekly 7 (15.56) 1 (6.67) 3 (20.00) 3 (20.00)
Butter & cream Monthly 11 (24.44) 6 (40.00) 1 (6.67) 4 (26.67) 0.10

Weekly 34 (75.56) 9 (60.00) 14 (93.33) 11 (73.33)
Sugare Monthly 40 (88.89) 14 (93.33) 12 (80.00) 14 (93.33) 0.41

Weekly 5 (11.11) 1 (6.67) 3 (20.00) 1 (6.67)
Sauce Monthly 3 (6.67) 0 (0.00) 2 (13.33) 1 (6.67) 0.34

Weekly 42 (93.33) 15 (100.00) 13 (86.67) 14 (93.33)
Carbonated drink Monthly 9 (20.00) 3 (20.00) 1 (6.67) 5 (33.33) 0.19

Weekly 36 (80.00) 12 (80.00) 14 (93.33) 10 (66.67)
Dough Monthly 29 (64.44) 9 (60.00) 10 (66.67) 10 (66.67) 0.91

Weekly 16 (35.56) 6 (40.00) 5 (33.33) 5 (33.33)
Fast foods Monthly 3 (6.67) 1 (6.67) 1 (6.67) 1 (6.67) 1.00

Weekly 42 (93.33) 14 (93.33) 14 (93.33) 14 (93.33)
Tea Monthly 40 (88.89) 13 (86.67) 13 (86.67) 14 (93.33) 0.80

Weekly 5 (11.11) 2 (13.33) 2 (13.33) 1 (6.67)
Coffee Monthly 7 (15.56) 3 (20.00) 3 (20.00) 1 (6.67) 0.51

Weekly 38 (84.44) 12 (80.00) 12 (80.00) 14 (93.33)
Nuts Monthly 22 (48.89) 6 (40.00) 9 (60.00) 7 (46.67) 0.54

Weekly 23 (51.11) 9 (60.00) 6 (40.00) 8 (53.33)
Fried foods Monthly 33 (73.33) 12 (80.00) 9 (60.00) 12 (80.00) 0.36

Weekly 12 (26.67) 3 (20.00) 6 (40.00) 3 (20.00)
Boiled foods Monthly 34 (75.56) 12 (80.00) 12 (80.00) 10 (66.67) 0.62

Weekly 11 (24.44) 3 (20.00) 3 (20.00) 5 (33.33)
Alcoholic beverages Weekly 45 (100.00) 15 (100.00) 15 (100.00) 15 (100.00)
Foods containing salt low salt 28 (62.22) 8 (53.33) 11 (73.33) 9 (60.00) 0.52

normal 17 (37.78) 7 (46.67) 4 (26.67) 6 (40.00)
Added salt yes 31 (68.89) 11 (73.33) 9 (60.00) 11 (73.33) 0.66

no 14 (31.11) 4 (26.67) 6 (40.00) 4 (26.67)
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anti-hyperlipidemic drug, p = 0.01), smoking status, or 
physical activity across the groups. The HC group had 
higher usage of anti-hyperlipidemic drugs than the 
healthy and obese groups (Table 1). In comparison to the 
healthy group, the obese group exhibited significantly 
higher weight, BMI, DBP, TG, and TyG levels (Table 2). 
Similarly, the HC group showed significantly elevated 
FBS, TC, TG, HDL-c, LDL-c, THR, and TyG levels com-
pared to the healthy group. Furthermore, the HC group 
displayed higher TC, HDL-c, and LDL-c levels, and lower 
weight and BMI compared to the obese group. Our find-
ings showed that the two gender did not differ in terms 
of the studied variables except THR, where the THR 
changes was not significant in men (p = 0.46), but it was 
significant in women (p = 0.011) (Table  2). Serum miR-
33b levels in the obese and HC groups were significantly 
higher than the healthy group (P < 0.001) (Fig. 1). No sig-
nificant differences in food consumption frequency were 

noted among the groups, except for a higher intake of 
low-fat dairy in the healthy group (Table 3).

Table  4 presents the Pearson correlation coefficient 
between miR-33b levels and various factors. After adjust-
ing for age, sex, physical activity, and history of hyper-
cholesterolemia, miR-33b levels showed significant 
positive correlations with BMI, LDL-c, TC, THR, TG, 
TyG, HC, and obesity status. Furthermore, miR-33b lev-
els exhibited significant positive correlations with LDL-c, 
TC, and HC status after adjusting for BMI, TyG, and TG. 
Additionally, significant positive correlations were found 
between miR-33b levels and BMI and obesity status after 
adjusting for TC, HDL-c, LDL-c, and THR.

Figures 2 and 3, along with Table 5, illustrate the AUC, 
Cut point, Sensitivity, Specificity, and PPV values for the 
factors. In the identification of hypercholesterolemia, TC 
and LDL-c showed the best performance, followed by 
HDL-c and TyG. Conversely, in identifying obesity, BMI 
had the highest performance, followed by miR-33b and 
TG. As it is obvious in Table 5; Fig. 3, the specificity and 
sensitivity for TC and LDL-c are similar, suggesting that 
the ROC curves for these two factors overlap. It demon-
strating that both curves have strong performance. Also, 
we should consider that the overlapping nature does not 
compromise the interpretability of the results.

Discussion
Various miRNAs, including miR-33a/b, miR-34, miR-122, 
and miR-223, play roles in regulating lipid metabolism. 
MiR-33a/b, in addition to influencing fatty acid oxida-
tion and HDL-c biosynthesis, also regulates fatty acid 
and cholesterol metabolism [11–14]. MiR-33 is linked 
to diseases associated with fatty acid, cholesterol, and 
lipoprotein metabolism, such as obesity and athero-
sclerosis [2–4]. Given the connection between miR-33, 
obesity, and hypercholesterolemia, this study aimed to 
investigate changes in serum miR-33b levels in obese 
individuals with normal TC levels as well as in individu-
als with hypercholesterolemia who were not obese (HC). 
By categorizing participants in this manner, we elimi-
nated the potential interaction effect between obesity 
and atherosclerosis, allowing for an examination of the 
individual relationships of these conditions with serum 
miR-33b levels, isolated from other diseases. However, 
some studies, including those by Price et al. (2021 and 
2024), underscore complex interactions in which miR-
33 levels may not consistently correlate with obesity or 
hyperlipidemic conditions in different populations. In 
this way Price and colleagues showed that miR-33 knock 
out in agouti-related protein neurons elevated feeding in 
mice on a high-fat diet, leading to metabolic dysregula-
tions and obesity. They also reported in 2021 that, despite 
the beneficial effects of miR-33 knockout in the liver of 

Table 4 Adjusted partial correlation between miR-33b and other 
health related factors

Model 0 r0 Model 1 r1 Model 2 r2 Model 3 r3

BMI 0.309* 0.354* - 0.453**

HC 0.353* 0.311 0.570*** 0.028
HDL-c 0.121 0.050 0.169 -
LDL-c 0.299 0.327* 0.479** -
Obese 0.352* 0.409* 0.058 0.476**

TC 0.373* 0.352* 0.465** -
THR 0.254* 0.368* 0.224 -
TG 0.486 0.404* - -
TyG 0.400* 0.319* - -0.169
Model 0 Crude, no adjustment; Model 1, r1 as the correlation after adjusting 
for age, sex, physical activity, and history of hypercholesterolemia; Model 2, r2 
as the correlation after adjusting for BMI, TyG, and TG; and Model 3, r3 as the 
correlation after adjusting for TC, HDL-c, LDL-c, and THR
*p < 0.05, **p < 0.01, ***p < 0.001

Fig. 1 Serum miR-33 levels quantified in study groups (Healthy control, 
HC, and obese) by real-time PCR method. Data are expressed as Mean ± SD. 
P < 0.05 was considered significant. The difference between HC and Obese 
groups with Healthy group was significant (P < 0.001)
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mice, the size of atherosclerotic plaque did not change 
[24, 25].

Our findings revealed that the HC group had higher 
levels of TC, miR-33b, HDL-c, and LDL-c, and lower 
weight and BMI compared to the obese group. After 
adjusting for age, sex, physical activity, and history of 
hypercholesterolemia, miR-33b levels displayed signifi-
cant positive correlations with BMI, LDL-c, TC, THR, 
TG, TyG, HC, and obesity status. MiR-33b levels in the 
HC and obese groups were higher than in healthy con-
trol subjects. While these results align with findings from 
other studies, most previous research was conducted 
on laboratory animals [11–14]. Studies by Martino et 
al. (2015) [7] and AL-Fattli and Al-Tamemi (2021) [15] 
demonstrated increased serum miR-33 levels in subjects 
with familial hypercholesterolemia and obese individu-
als, respectively, consistent with our study. It is impor-
tant to note that Martino et al. (2015) studied children 
with FH, who had a lower average age compared to the 
participants in our study. In the study by AL-Fattli and 
Al-Tamemi (2021), obese subjects aged 18–66 years were 
included, which aligns with our study where participants 

had an average age of 49.71 ± 9.11 years. The increase in 
miR-33 levels in obese subjects was consistent across 
these studies [7, 15]. Corona-Meraz et al. (2019) showed 
that miR-33a and miR33b overexpression was corelated 
with insulin resistance. They also reported that circulat-
ing miR-33b in insulin resistance status did not correlate 
with lipid profile markers including TG, TC, and very 
low-density lipoprotein [26]. Unlike their study, we found 
a correlation between miR-33b and TC. This discrepancy 
can be explained by the fact that their study included 
young and aged subjects, whereas our primary goal was 
to enroll individuals based on their diseases (obesity and 
hypercholesterolemia). While our results align with ear-
lier studies by Martino et al. (2015) and AL-Fattli and 
Al-Tamemi (2021), which also observed elevated miR-33 
levels in individuals with familial hypercholesterolemia 
and obesity, contrasting findings from Corona-Meraz et 
al. (2019) and Price et al. (2021 and 2024) suggest that the 
relationship may be influenced by demographic factors, 
metabolic state, or differential expression patterns in var-
ious tissues [24–26].

Fig. 2 Comparison of receiver operative characteristic (ROC) curve for miR-33b, LDL-c, THR and TC in hypercholesteremia
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Among the subjects in this study, BMI and serum 
TC displayed a positive correlation with serum miR-
33b levels. Higher BMI is associated with obesity, while 
increased serum TC is linked to HC status. We observed 
a direct and strong relationship between these factors. 
Even after adjusting for BMI, TyG, and TG, the correla-
tion between miR-33b and the HC group, LDL-c, and TC 
remained significant (r2: 0.570, 0.479, and 0.465, respec-
tively). This suggests that despite adjusting for obesity-
related variables, the relationship between miR-33b and 
the HC group, as well as cholesterol-related factors, 
remained significant, indicating a direct and indepen-
dent relationship. Similarly, after adjusting for TC, LDL-
c, HDL-c, and THR, the correlation between miR-33b 
and obesity and BMI remained significant and stronger 
(r2: 0.453 and 0.476, respectively). This indicates that 
even after adjusting for hypercholesterolemia-related 
variables, the relationship between miR-33b and obesity 
and BMI persisted, highlighting a direct and independent 
relationship. Our study provides evidence linking serum 
miR-33b levels to both HC and obesity, suggesting its 
potential role as a biomarker in these conditions. While 

previous research has focused on miR-33a due to its 
established relationship with cholesterol regulation [13, 
15, 16, 27], our findings indicate that miR-33b may play 
a significant role in understanding the interplay between 
obesity and hypercholesterolemia more broadly.

To assess the predictive value of markers for hypercho-
lesterolemia and obesity, we conducted ROC analysis and 
obtained the AUC values for the factors. In the identifi-
cation of hypercholesterolemia, TC and LDL-c demon-
strated the best performance, followed by HDL-c and 
TyG. Notably, miR-33b, which exhibited a strong cor-
relation with hypercholesterolemia, had an AUC of 0.74 
(95% CI: 0.60, 0.88). Conversely, in the identification of 
obesity, BMI showed the highest performance, followed 
by miR-33b and TG. In the context of obesity identifica-
tion, miR-33b had an AUC of 0.76 (95% CI: 0.62, 0.90), 
which was higher than TG. Among non-lipid factors 
such as ABCA1, FBS, DBP, and miR-33, miR-33 stood 
out with an AUC of 82% as a biomarker for diagnosing 
atherosclerosis risk [27]. We observed that miR-33b, 
with an AUC of 0.76, provided an acceptable diagnostic 
value for obesity compared to BMI. Conversely, regarding 

Fig. 3 Comparison of receiver operative characteristic (ROC) curve for miR-33b, BMI and TyG in Obesity

 



Page 9 of 11Masoumi-Ardakani et al. BMC Endocrine Disorders           (2025) 25:27 

hypercholesterolemia, miR-33b had a diagnostic value of 
0.74, ranking after TC, LDL-c, HDL-c, and TyG, which 
had higher AUC values. However, despite having a lower 
AUC compared to the four aforementioned factors, the 
AUC of miR-33b remains acceptable, and these factors 
exhibit strong correlation and a direct metabolic relation-
ship with hypercholesterolemia.

The THR is recognized as a significant and robust risk 
factor for CVD [28, 29]. In the current study, the THR 
ratio was found to be 3.98, 5.24, and 4.62 for the control, 
HC, and obese groups, respectively. Conversely, HDL-c 
levels in the HC group were measured at 53.6  mg/dl, 
which was higher compared to the control and obese 
groups. Despite the elevated HDL-c levels in the HC 
group, the THR levels were higher in this group than 
in the other two groups, suggesting an increased risk of 
CVD in this particular group. The co-occurrence of high 
miR-33b and THR serum values in the HC and obese 
groups indicates a potential role of miR-33b in the pro-
gression of both atherosclerosis and obesity, even though 
these conditions were present independently in the sub-
jects under study.

In this study, apart from one instance, the diet of the 
three groups did not exhibit any significant changes. 
Notably, individuals in the control group reported higher 
weekly consumption of low-fat dairy compared to the 
other two groups. Despite variations in diet, other ques-
tionnaire items did not show significant differences. It 
is commonly recommended for individuals with meta-
bolic diseases to follow a controlled and appropriate diet. 
Assuming that the control group adhered to a relatively 
healthy diet, the lack of significant differences may be 
attributed to individuals in the HC and Obese groups 
attempting to maintain a healthy diet tailored to their 
respective conditions, resulting in dietary similarities 
with the control group.

One significant limitation of this study is the small 
sample size of 45 participants, which may affect the gen-
eralizability of our findings. Small sample sizes often limit 
the statistical power of a study, making it more difficult to 
detect significant associations or subtle effects that could 
be clinically relevant. Additionally, the strict inclusion 
criteria employed to select individuals with defined con-
ditions of obesity or hypercholesterolemia further nar-
rowed the study population, potentially introducing bias.

Moreover, our primary focus on examining miR-33b 
levels may have led us to overlook the potential roles of 
other microRNAs that are also involved in the intricate 
biological pathways associated with obesity and hyper-
cholesterolemia. This narrow scope raises concerns 
regarding the comprehensiveness of our findings and 
limits our ability to draw definitive conclusions about the 
broader microRNA landscape in these contexts.
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It is worth noting that some studies have utilized sam-
ple sizes comparable to ours [30–33], but the limited 
number of participants in our research suggests that cau-
tion should be exercised when interpreting our results. 
Additionally, the need to investigate the interactions and 
functions of other microRNAs is imperative, as there are 
likely multiple factors influencing the biological mecha-
nisms underlying these conditions.

To address these limitations, it is crucial for future 
research to replicate our study with a larger and more 
diverse sample size. This would not only enhance the 
validity of our findings but also facilitate better verifica-
tion of results across different populations. Furthermore, 
future studies should consider exploring a wider array of 
miRNAs implicated in obesity and hypercholesterolemia. 
Adopting such an approach would provide a more com-
prehensive understanding of the molecular mechanisms 
involved, potentially leading to the identification of new 
biomarkers and therapeutic targets for these prevalent 
health issues. Ultimately, addressing these gaps in knowl-
edge will contribute significantly to the field and may aid 
in the development of more effective interventions for 
individuals affected by obesity and hypercholesterolemia.

Conclusion
In conclusion, the close AUC values observed for HC 
subjects without obesity and obese subjects with normal 
cholesterol levels (0.74 vs. 0.76) highlight the important 
contributions of miR-33b in different metabolic con-
texts. This indicates that miR-33b could provide valuable 
insights into the pathophysiology of these conditions, 
beyond traditional risk factors like BMI and LDL-c levels.

Furthermore, the significant correlation of miR-33b 
with both obesity and hypercholesterolemia suggests a 
shared molecular pathway that could be important in the 
progression of CVD [34–36]. Given our observations that 
LDL-c levels were associated with miR-33b after various 
adjustments, it emphasizes the need for further investiga-
tions into how miR-33b interacts with established cardio-
vascular risk factors.

Our results encourage further research into the mecha-
nistic roles of miR-33b in obesity and hypercholesterol-
emia, as well as its potential implications for CVD risk 
assessment and management. Unraveling these connec-
tions could lead to the identification of new therapeutic 
targets and improve our understanding of the intricate 
relationship between body weight, lipid metabolism, and 
cardiovascular health. Thus, miR-33b emerges not only 
as a valuable biomarker but also as a promising candidate 
for future studies aiming to address critical health chal-
lenges associated with obesity and hyperlipidemia.

Abbreviations
ABCA1  ATP-binding cassette subfamily A member 1
ANOVA  Analysis of Variance

BP  Blood pressure
BMI  Body mass index
CROT  Carnitine O-Octanoyltransferase
CVD  Cardiovascular diseases
FBS  Fasting blood sugar
HDL-c  High-density lipoprotein cholesterol
LDL-c  Low-density lipoprotein cholesterol
HFD  High-fat diet
FH  Familial hypercholesterolemia
HADHB  Hydroxy acyl-CoA Dehydrogenase Subunit Beta
HC  Hypercholesterolemic
KERCADRS  Kerman Coronary Artery Disease Risk Factors Study
miRNAs  MicroRNAs
NPC1  Niemann-Pick C1
SREBP-2  Sterol response-element binding protein-2
THR  TC/HDL-c ratio
TG  Triglyceride
TC  Total cholesterol

Supplementary Information
The online version contains supplementary material available at  h t t  p s : /  / d o  i .  o r 
g / 1 0 . 1 1 8 6 / s 1 2 9 0 2 - 0 2 5 - 0 1 8 4 9 - 9     .  

Supplementary Material 1

Acknowledgements
The authors are grateful of the patients and the healthy individuals for their 
participation in the study.

Author contributions
Y.MA: Conception and design; Experiments; Data Analysis; Writing; Review 
and Editing. ME: Experiments; Data Analysis; Writing; Review and Editing. HF: 
Experiments; Data Analysis; Writing; Review and Editing. AJ: Experiments; Data 
Analysis; Writing; Review and Editing. BS: Conception and design; Experiments; 
Data Analysis; Writing; Review and Editing.

Funding
The present article was financially supported by Kerman University of Medical 
Sciences Research Council and Kerman Physiology Research Center [grant 
numbers 96000958].

Data availability
The datasets generated and analyzed during the current study are available 
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The current study was approved by the Ethics Committee of Kerman 
University of Medical Sciences (The Ethic approval Code is IR.KMU.
REC.1396.2486) and all procedures was in accordance with standards set 
by the Declaration of Helsinki (1964). Written informed consent form was 
obtained from all subjects.

Consent for publication
Not applicable.

Clinical trial number
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 3 August 2024 / Accepted: 20 January 2025

https://doi.org/10.1186/s12902-025-01849-9
https://doi.org/10.1186/s12902-025-01849-9


Page 11 of 11Masoumi-Ardakani et al. BMC Endocrine Disorders           (2025) 25:27 

References
1. Filardi T, Sabato C, Lubrano C, Santangelo C, Morano S, Lenzi A, et al. 

MicroRNA modulation by Dietary supplements in obesity. Biomedicines. 
2020;8:545. https:/ /doi.or g/10.33 90/b iomedicines8120545.

2. Silveira A, Gomes J, Roque F, Fernandes T, de Oliveira EM. MicroRNAs in 
obesity-Associated disorders: the role of Exercise Training. Obes Facts. 
2022;15:105–17. https:/ /doi.or g/10.11 59/0 00517849.

3. Desgagné V, Bouchard L, Guérin R. microRNAs in lipoprotein and lipid 
metabolism: from biological function to clinical application. Clin Chem Lab 
Med. 2017;55(5):667–86. https:/ /doi.or g/10.15 15/c clm-2016-0575.

4. Shahouzehi B, Eghbalian M, Fallah H, Aminizadeh S, Masoumi-Ardakani Y. 
Serum microRNA-33 levels in pre-diabetic and diabetic patients. Mol Biol 
Rep. 2021;48(5):4121–8. https:/ /doi.or g/10.10 07/s 11033-021-06425-7.

5. Price NL, Singh AK, Rotllan N, Goedeke L, Wing A, Canfrán-Duque A, et 
al. Genetic ablation of miR-33 increases Food Intake, enhances adipose 
tissue expansion, and promotes obesity and insulin resistance. Cell Rep. 
2018;22(8):2133–45. https:/ /doi.or g/10.10 16/j .celrep.2018.01.074.

6. Rottiers V, Näär AM. MicroRNAs in metabolism and metabolic disorders. Nat 
Rev Mol Cell Biol. 2012;13:239–50.

7. Martino F, Carlomosti F, Avitabile D, Persico L, Picozza M, Barillà F, et al. Circu-
lating miR-33a and miR-33b are up-regulated in familial hypercholesterolae-
mia in paediatric age. Clin Sci (Lond). 2015;129(11):963–72.  h t t  p s : /  / d o  i .  o r g / 1 0 . 
1 0 4 2 / C S 2 0 1 5 0 2 3 5     .   

8. Ono K. Functions of microRNA-33a/b and microRNA therapeutics. J Cardiol. 
2016;67(1):28–33. https:/ /doi.or g/10.10 16/j .jjcc.2015.10.017.

9. Peters LJF, Biessen EAL, Hohl M, Weber C, van der Vorst EPC, Santovito D. 
Small things Matter: relevance of MicroRNAs in Cardiovascular Disease. Front 
Physiol. 2020;11:793. https:/ /doi.or g/10.33 89/f phys.2020.00793.

10. Powell-Wiley TM, Poirier P, Burke LE, Després JP, Gordon-Larsen P, Lavie CJ, 
et al. Obesity and Cardiovascular Disease: A Scientific Statement from the 
American Heart Association. Circulation. 2021;143(21):e984–1010.  h t t  p s : /  / d o  i .  
o r g / 1 0 . 1 1 6 1 / C I R . 0 0 0 0 0 0 0 0 0 0 0 0 0 9 7 3     .   

11. Mohammadi A, Fallah H, Shahouzehi B, Najafipour H. miR-33 inhibition 
attenuates the effect of liver X receptor agonist T0901317 on expression of 
liver X receptor alpha in mice liver. ARYA Atheroscler. 2017;13(6):257–63.

12. Iacomino G, Siani A. Role of microRNAs in obesity and obesity related disease. 
Genes Nutr. 2017;12:23. DOI.10.1186/s12263-017-0577-z.

13. Gerin I, Clerbaux LA, Haumont O, Lanthier N, Das AK, Burant CF. Expression 
of miR-33 from an SREBP2 Intron inhibits cholesterol export and fatty acid 
oxidation. JBC. 2010;285(44):33652–61.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 0 7 4 / j b c . M 1 1 0 . 1 5 2 
0 9 0     .   

14. Najafi-Shoushtari SH, Kristo F, Li Y, Shioda T, Cohen DE, Gerszten RE, Näär AM. 
MicroRNA-33 and the SREBP host genes cooperate to Control Cholesterol 
Homeostasis. Science. 2010;328(5985):1566–9.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 1 2 6 / s c i e n c 
e . 1 1 8 9 1 2 3     .   

15. AL-Fattli HH, Al-Tamemi IA. Diagnostic and prognostic value of miRNA 33 and 
miRNA122 in metabolic syndrome. Annals R S C B. 2021;25(4):1487–97.

16. Refeat MM, Abu-Mandil Hassan N, Hassan Ahmad I, Mohamed Mostafa ER, 
Amr KS. Correlation of circulating miRNA-33a and miRNA-122 with lipid 
metabolism among Egyptian patients with metabolic syndrome. JGEB. 
2021;19:147. https:/ /doi.or g/10.11 86/s 43141-021-00246-8.

17. Zhang X, Zhao H, Sheng Q, Liu X, You W, Lin W, Liu G. Regulation of 
microRNA-33, SREBP and ABCA1 genes in a mouse model of high cholesterol. 
Arch Anim Breed. 2021;64:103–8. https:/ /doi.or g/10.51 94/a ab-64-103-2021.

18. Agbu P, Carthew RW. MicroRNA-mediated regulation of glucose and lipid 
metabolism. Nat Rev Mol Cell Biol. 2021;22(6):425–38.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 0 3 8 
/ s 4 1 5 8 0 - 0 2 1 - 0 0 3 5 4 - w     .   

19. Karunakaran D, Richards L, Geoffrion M, Barrette D, Gotfrit RJ, Harper ME, 
Rayner KJ. Therapeutic inhibition of miR-33 promotes fatty acid oxidation 
but does not ameliorate metabolic dysfunction in Diet-Induced obesity. 
Arterioscler Thromb Vasc Biol. 2015;35:2536–43.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 1 6 1 / A T V B 
A H A . 1 1 5 . 3 0 6 4 0 4     .   

20. Price NL, Goedeke L, Suarez Y, Fernandez-Hernando C. miR-33 in cardiometa-
bolic diseases: lessons learned from novel animal models and approaches. 
EMBO Mol Med. 2021;13:e12606.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 5 2 5 2 / e m m m . 2 0 2 0 1 2 6 0 
6     .   

21. Najafipour H, Mirzazadeh A, Haghdoost AA, Shadkam M, Afshari M, Moazen-
zadeh M, et al. Coronary artery disease risk factors in an urban and peri-urban 

setting, Kerman, Southeastern Iran (KERCADR Study): methodology and 
preliminary Report. Iran J Publ Health. 2012;41(9):86–92.

22. Third Report of the National Cholesterol Education Program (NCEP). Expert 
Panel on detection, evaluation, and treatment of high blood cholesterol in 
adults (Adult Treatment Panel III) final report. Circulation. 2002;106(25):3143–
421. PMID: 12485966.

23. Guerrero-Romero F, Simental-Mendía LE, González-Ortiz M, Martínez-
Abundis E, Ramos-Zavala MG, Hernández-González SO, et al. The product of 
triglycerides and glucose, a simple measure of insulin sensitivity. Comparison 
with the euglycemic-hyperinsulinemic clamp. J Clin Endocrinol Metab. 
2010;95(7):3347–51. https:/ /doi.or g/10.12 10/j c.2010-0288. Epub 2010 May 19. 
PMID: 20484475.

24. Price NL, Fernandez-Tussy P, Varela L, Cardelo MP, Shanabrough M, Aryal B. 
microRNA-33 controls hunger signaling in hypothalamic AgRP neurons. Nat 
Commun. 2024;15:2131. https:/ /doi.or g/10.10 38/s 41467-024-46427-0.

25. Price NL, Zhang X, Fernández-Tussy P, Singh AK, Burnap SA, Rotllan N, et 
al. Loss of hepatic miR-33 improves metabolic homeostasis and liver func-
tion without altering body weight or atherosclerosis. Proc Natl Acad Sci. 
2021;118(5):e2006478118. https:/ /doi.or g/10.10 73/p nas.2006478118.

26. Corona-Meraz FI, Vázquez-Del Mercado M, Ortega FJ, Ruiz-Quezada SL, 
Guzmán-Ornelas MO, Navarro-Hernández RE. Ageing influences the relation-
ship of circulating miR-33a and miR- 33b levels with insulin resistance and 
adiposity. Diab Vasc Dis Res. 2019;16(3):244–53.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 1 7 7 / 1 4 7 9 
1 6 4 1 1 8 8 1 6 6 5 9     .   

27. Kim SH, Kim GJ, Umemura T, Lee SG, Cho KJ. Aberrant expression of plasma 
miR-33a in an atherosclerosis-risk group. Mol Biol Rep. 2017;44:79–88.

28. Quispe R, Elshazly MB, Zhao D, Toth PP, Puri R, Virani SS, et al. TC/HDL-C ratio 
discordance with LDL-C and non-HDL-C and incidence of atherosclerotic Car-
diovascular Disease in Primary Prevention: the ARIC Study. Eur J Prev Cardiol. 
2020;27(15):1597–605. https:/ /doi.or g/10.11 77/2 047487319862401.

29. Noh HW, Jeon Y, Kim JH, Lee GY, Jeon SJ, Kim KY et al. Higher Serum Total 
Cholesterol to High-Density Lipoprotein Cholesterol Ratio Is Associated with 
Increased Mortality among Incident Peritoneal Dialysis Patients. Nutrients. 
2022; 14:144. DOI.10.3390/nu14010144.

30. Cao R, Bai Y, Sun L, Zheng J, Zu M, Du G et al. Xuezhikang therapy increases 
miR-33 expression in patients with low HDL-C levels. Dis Markers. 2014; 2014: 
781780. https:/ /doi.or g/10.11 55/2 014/781780

31. García-Rodríguez S, Arias-Santiago S, Orgaz-Molina J, Magro-Checa C, 
Valenzuela I, Navarro P, Naranjo-Sintes R, et al. Abnormal levels of expres-
sion of plasma microRNA-33 in patients with psoriasis. Actas Dermosifiliogr. 
2014;105(5):497–503. https:/ /doi.or g/10.10 16/j .ad.2013.11.010.

32. Mohammadi S, Ebrahimi-Mameghani M, Arefhosseini SR, Fallah P, Asghari 
Jafarabadi M, Zununi S, et al. Dietary regulation of miR-33b and miR-29a in 
relationship to metabolic biomarkers of glucose and lipids in obese Diabetic 
women: a Randomized Clinical Controlled Study. Iran Red Crescent Med J. 
2017;19(1):e37521. https:/ /doi.or g/10.58 12/i rcmj.37521.

33. Ntoumou E, Tzetis M, Braoudaki M, Lambrou G, Poulou M, Malizos K, et 
al. Serum microRNA array analysis identifies miR-140-3p, miR-33b-3p and 
mir-671-3p as potential osteoarthritis biomarkers involved in metabolic 
processes. Clin Epigenetics. 2017;9:127.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 1 8 6 / s 1 3 1 4 8 - 0 1 7 - 0 
4 2 8 - 1     .   

34. Ortega R, Liu B, Persaud SJ. Effects of miR-33 Deficiency on Metabolic and 
Cardiovascular diseases: implications for therapeutic intervention. Int J Mol 
Sci. 2023;24(13):10777. https:/ /doi.or g/10.33 90/i jms241310777.

35. Sidorkiewicz M. Is microRNA-33 an appropriate target in the treatment of ath-
erosclerosis? Nutrients. 2023;15(4):902. https:/ /doi.or g/10.33 90/n u15040902.

36. Cai Y, Liu P, Xu Y, Xia Y, Peng X, Zhao H, Chen Q. Biomarkers of obesity-
mediated insulin resistance: focus on microRNAs. Diabetol Metab Syndr. 
2023;15(1):167. https:/ /doi.or g/10.11 86/s 13098-023-01137-3.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.3390/biomedicines8120545
https://doi.org/10.1159/000517849
https://doi.org/10.1515/cclm-2016-0575
https://doi.org/10.1007/s11033-021-06425-7
https://doi.org/10.1016/j.celrep.2018.01.074
https://doi.org/10.1042/CS20150235
https://doi.org/10.1042/CS20150235
https://doi.org/10.1016/j.jjcc.2015.10.017
https://doi.org/10.3389/fphys.2020.00793
https://doi.org/10.1161/CIR.0000000000000973
https://doi.org/10.1161/CIR.0000000000000973
https://doi.org/10.1074/jbc.M110.152090
https://doi.org/10.1074/jbc.M110.152090
https://doi.org/10.1126/science.1189123
https://doi.org/10.1126/science.1189123
https://doi.org/10.1186/s43141-021-00246-8
https://doi.org/10.5194/aab-64-103-2021
https://doi.org/10.1038/s41580-021-00354-w
https://doi.org/10.1038/s41580-021-00354-w
https://doi.org/10.1161/ATVBAHA.115.306404
https://doi.org/10.1161/ATVBAHA.115.306404
https://doi.org/10.15252/emmm.202012606
https://doi.org/10.15252/emmm.202012606
https://doi.org/10.1210/jc.2010-0288
https://doi.org/10.1038/s41467-024-46427-0
https://doi.org/10.1073/pnas.2006478118
https://doi.org/10.1177/1479164118816659
https://doi.org/10.1177/1479164118816659
https://doi.org/10.1177/2047487319862401
https://doi.org/10.1155/2014/781780
https://doi.org/10.1016/j.ad.2013.11.010
https://doi.org/10.5812/ircmj.37521
https://doi.org/10.1186/s13148-017-0428-1
https://doi.org/10.1186/s13148-017-0428-1
https://doi.org/10.3390/ijms241310777
https://doi.org/10.3390/nu15040902
https://doi.org/10.1186/s13098-023-01137-3

	Exploring serum miR-33b as a novel diagnostic marker for hypercholesterolemia and obesity: insights from a pilot case-control study
	Abstract
	Introduction
	Materials and methods
	Participants
	Demographic, clinical, and anthropometric measurements
	Diet assessment
	Biochemical measurements
	Physical activity
	Exclusion criteria
	RNA extraction, cDNA synthesis and quantitative real-time PCR
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


