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Background: Type 2 diabetes mellitus (T2DM) has risen to become the world’s most serious public health problem in recent years, 
and the role of long noncoding RNAs (lncRNAs) in the onset and progression of T2DM, as well as special attention to vitamins, has 
gotten a lot of attention recently.
Methods: The aim of the study was to analyze lncRNA LINC01173 expression along with assessment of vitamin-D and B12 among 
the T2DM cases. Quantitative RT-PCR was used to analyze the expression of lncRNA LINC01173. Vitamin-D and B12 were analyzed 
by chemiluminescence-based assay.
Results: The present study observed that the T2DM cases had 6.67-fold increased lncRNA LINC01173 expression compared to 
healthy controls. Expression of lncRNA LINC01173 was found to be associated with hypertension (p=0.03), wound healing (p=0.04), 
and blurred vision (p<0.0001). It was observed that the T2DM cases with vitamin-D deficiency had a significant association with 
fasting glucose level (p=0.01) and HbA1C level (p=0.01) among the T2DM cases. The association of lncRNA LINC01173 with 
vitamin-D was analyzed and it was observed that the vitamin-D deficient cases had higher lncRNA LINC01173 expression compared 
to insufficient T2DM cases (p=0.01) and sufficient T2DM cases (p=0.0006). It was also observed that the T2DM cases with smoking 
had a 8.33-fold lncRNA LINC01173 expression while non-smokers had a 5.43-fold lncRNA LINC01173 expression (p<0.0001).
Conclusion: The study concluded that the increased lncRNA LINC01173 expression was observed to be linked with alteration in 
vitamin-D level and smoking habit. Altered expression of lncRNA LINC01173 expression was linked with fasting glucose and HbA1C 
alteration. Collectively, lncRNA LINC01173 expression, vitamin-D alteration, as well as smoking habit may cause the disease severity 
and increase the pathogenesis of disease.
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Introduction
Type 2 diabetes mellitus is a long-term metabolic disorder marked by high blood glucose levels. According to the International 
Diabetes Federation (IDF), there were nearly 463 million diabetics worldwide in 2019, with the number expected to rise to 700 
million by 2045.1 Type 1 diabetes mellitus, type 2 diabetes mellitus, and gestational diabetes mellitus are major categories of 
diabetes mellitus.2 Only type 2 diabetes mellitus (T2DM) accounts for approximately 90% of all diabetes mellitus cases 
worldwide.1 T2DM is caused by cell dysfunction or insulin resistance, and the risk of T2DM is influenced by both genetic and 
environmental factors.3 The regulatory network of pathophysiology of T2DM has continuously remained a focused area for 

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:15 2535–2543              2535
© 2022 Aladel et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy          Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 14 April 2022
Accepted: 29 June 2022
Published: 19 August 2022

http://orcid.org/0000-0002-1441-607X
http://orcid.org/0000-0002-0564-4185
http://orcid.org/0000-0002-9500-4623
http://orcid.org/0000-0002-4519-721X
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


researchers. In recent times, long noncoding RNAs (lncRNAs) have had widespread interest. A growing number of 
researchers have suggested that the lncRNAs play a vital role in progression and occurrence of T2DM.4,5 LncRNA also 
plays an important role in development of T2DM and its related complications.6,7

LncRNAs are nonprotein coding transcripts with more than 200 nucleotides.8 Previously, these lncRNAs were 
thought to be transcription noise; however, studies have revealed that lncRNA transcripts are involved in nearly all 
cell functions, including apoptosis,9 cell metabolism,10 differentiation,11,12 and proliferation.13,14 The abnormal expres-
sions of lncRNA have been observed to play a crucial role in pancreatic β-cell regulation. β-cell exposure to frequently 
increased concentrations of glucose has a harmful influence on its function, which leads to faulty secretion of insulin and, 
finally, loss of cells by apoptosis in T2DM.3 Researchers found that the number of long noncoding RNAs (lncRNAs) was 
tightly regulated after performing whole genome transcriptome mapping. lncRNAs were activated in mature pancreatic 
cells but not in human embryonic pancreatic progenitor cells, implying that these lncRNAs are an important part of the – 
cell maturation and differentiation program.7 A report revealed that lncRNA alters the mRNA expression which contains 
risk for T2DM.6,15 In the last decade, studies have reported that lncRNAs exist in several fluids of the human body like 
plasma,16 urine,17 and serum.18 The probability of developing T2DM was substantially high in both males and females 
and it has been suggested that 25-OH D deficiency might contribute to T2DM development.19 Vitamin D deficiency is 
suggested to be one of the factors that influence many processes involved in T2DM.20 Vitamin B12 deficiency-associated 
peripheral neuropathy can also remain subclinical and interact with T2DM.21 It has also been said that T2DM patients 
who developed diabetic neuropathy had a lower level of vitamin B12.22

A previous study by Verma et al23 in 2022, to explore the association of FNDC-5 (Fibronectin type III domain- 
containing protein 5) and Selectin-E expression among obese and non-obese T2DM cases, observed significant involve-
ment of FNDC-5 expression with serum vitamin-D and B12 level in an Indian population. Following the same 
methodology, we aimed to explore the role of lncRNAs LINC01173 expression and involvement of serum level of 
vitamin-D and B12 among the Saudi T2DM cases.

Materials and Methods
Sample Collection
This was a control based study which included 400 participants, 200 of whom were newly-diagnosed untreated T2DM 
and 200 were healthy controls. A 3 mL venous blood sample was withdrawn from all the Saudi-based study participants 
and collected in a plain tube, a glucose test was done from a 1 mL venous blood sample collected in a fluoride vial. For 
diagnosis of T2DM disease, all criteria were met, including fasting blood glucose (glucose level >126 mg/dL) and 
postprandial glucose (2-hour blood glucose >200 mg/dL) as well as glycated hemoglobin (HbA1C) being taken into 
consideration. The serum was collected from blood samples centrifuged at 1,500 rpm and stored at −80°C for further 
processing. T2DM cases with any other metabolic or organ-related disorder were excluded. T2DM cases from all age 
groups and both males and females were included.

This research study was approved by the research ethics committee, Ministry of Health, Saudi Arabia, and all 
participants gave their informed written consent before the study began. The present study was conducted at the College 
of Applied Medical Sciences, King Khalid University, Abha, Saudi Arabia and all the samples were taken from the 
associated general hospital.

Total RNA Extraction
Total RNA extraction was done from whole blood from all the study participants, using a RNA extraction kit (GeneAid, 
Taiwan) and further stored at −70°C in 2 mL nuclease free eppendorf tubes. The concentration and quality of total RNA 
was assessed by taking OD on a A260/280 ratio by nano-spectrophotometry method.

Complementary DNA Synthesis and QRT-PCR for lncRNAs Expression
Of the total extracted RNA from study participants, 100 ng were used to make cDNA using a kit (Verso, Thermo 
Scientific, USA) according to the kit’s instructions. Expression of lncRNAs LINC01173 was done by quantitative real- 
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time PCR using SYBR green dye using specific primer sequences (forward primer: 5’-CTAGGCTCAGACCTGGCAAC- 
3’ and reverse primer: 5’-GGCCTTGGGGAAACGAAGAT-3’). The program followed: qRT-PCR for lncRNAs 
LINC01173, and β-actin was performed for 40 cycles, initial denaturation was at 94°C for 50 seconds, annealing 
temperature for, LINC01173, and β-actin was at 60°C for 50 seconds, extension at 72°C for 50 seconds, and a 20 µL 
reaction volume was used. To confirm the target amplification, an additional step at 72°C for 10 minutes was performed 
to finish the reaction and a melting curve examination was performed between 35°C and 90°C and every reaction was 
done in duplicate. The lncRNAs LINC01173 expression level was calculated using the relative quantification by 2−(ΔΔCT) 

method.

Vitamin D and B12 Level Assessment
Serum sample of T2DM cases were thawed and used in a chemiluminescence-based assay to determine serum vitamin D 
levels (Vitros XT7600 integrated system). Serum 25(OH) D levels ≤20 ng/mL was considered as Vitamin-D deficiency, 
25(OH) D level <30 ng/mL considered as insufficiency and sufficiency as levels of 30 ng/mL or above.24 Vitamin B12 
deficiency was defined as a serum concentration of less than 148 pmol/L, with 148 pmol/L being considered normal.25

Statistical Analysis
All the statistical testing was done using Graph Pad Prism software version 6.05. The Mann–Whitney U-test was used to 
determine whether there were any significant differences between the groups. The relative cycle threshold (Ct) method 
was used to analyze the QRT-PCR results and lncRNAs LINC01173, expression levels were calculated by the relative 
quantification method using the 2–(ΔΔCt). Up-regulation or down-regulation of expression was defined as a result of more 
than or less than one. All values were normalized relative to the control values, which were depicted as a value of 1. 
P-values less than 0.05 were considered to be significant.

Results
Demographic Characteristics
The demographic characteristics of T2DM cases and healthy controls are depicted in Table 1. In brief, a total of 400 
study subjects were recruited, among whom 200 were newly-diagnosed T2DM cases and 200 were healthy controls. 
Among the T2DM cases, 54.5% were males and 45.5% were females, while, among the healthy controls, 57.5% were 
males and 42.5% were females. T2DM cases ≤40 years were 23.5% and >40 years were 76.5%, while, among the healthy 
controls, ≤40 years were 24.5% while >40 years were 75.5%; more details are described in Table 1.

Association of lncRNA LINC01173 Expression Among the T2DM Cases with Clinic- 
Pathological Features
It was observed that lncRNAs LINC01173 showed an overall 6.67-fold relative expression among the T2DM cases 
compared to healthy controls (Table 2). T2DM cases in the age group ≤40 years showed a 5.60-fold lncRNAs 
LINC01173 expression while those >40 years showed a 7.12-fold lncRNAs LINC01173 (p=0.04). T2DM cases with 
hypertension history had a 7.11-fold lncRNAs LINC01173 expression while non-hypertensive cases had a 5.23-fold 
lncRNAs LINC01173 expression (p=0.03). T2DM cases with wound healing capacity had a 6.40-fold lncRNAs 
LINC01173 expression while, in contrast, had 7.27-fold lncRNAs LINC01173 expression (p=0.04). It was also observed 
that T2DM cases with blurred vision had a 7.10-fold lncRNAs LINC01173 in contrast with no blurred vision T2DM 
cases, who had a 4.27-fold lncRNAs LINC01173 expression (p<0.0001).

Association of Vitamin-D and B12 Level with Glucose Parameter Among T2DM Cases
Based on the status of Vitamin-D level among the T2DM cases (Deficient, Insufficient, Sufficient), glucose parameters 
were compared (Table 3). T2DM cases with vitamin-D deficiency showed a 284.5 mg/dL fasting glucose level while 
insufficient and sufficient T2DM cases had 250.2 mg/dL and 247.2 mg/dL fasting glucose levels, respectively (p=0.01). 
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No such association with post prandial glucose level was observed with vitamin level. It was observed that the T2DM 
cases with vitamin deficiency had a 7.85% HbA1C level while insufficient and sufficient T2DM cases had 7.21% and 
7.31% HbA1C level, respectively (p=0.01). No such association of glucose parameters was observed with B12 level.

Table 1 Demographic and Clinical Characteristics of Enrolled 
Cases with Type 2 Diabetes Mellitus and Healthy Controls

Variables T2DM Cases (%) Controls Subjects (%)

Total no. 200 (100) 200 (100)

Gender

Males 109 (54.5) 115 (57.5)

Females 91 (45.5) 85 (42.5)

Age at diagnosis (Years)

≤40 47 (23.5) 49 (24.5)

>40 153 (76.5) 151 (75.5)

HTN

Yes 122 (61)

No 78 (39)

Increased urination

Yes 97 (48.5)

No 103 (51.5)

Weight loss

Yes 94 (47)

No 106 (53)

Fatigue

Yes 95 (47.5)

No 105 (52.5)

Wound healing

Yes 84 (42)

No 116 (58)

Blurred vision

Yes 67 (33.5)

No 133 (76.5)

Loss of appetite

Yes 91 (45.5)

No 109 (54.5)

Smoking status

Yes 92 (46)

No 108 (54)
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Association of Long Non-Coding LINC01173 with Vitamin-D and B12 Among T2DM Cases
The association of lncRNA LINC01173 with vitamin-D was analyzed based on the level of vitamin-D (vitamin-D 
deficient, vitamin-D insufficient, and vitamin-D sufficient) (Figure 1A). It was observed that the vitamin-D deficient 
cases had higher lncRNA LINC01173 expression compared to insufficient T2DM cases (p=0.01) and sufficient T2DM 

Table 2 Long Non-Coding LINC01173 Expression in Type 2 
Diabetes Mellitus Cases

Variables lncRNAs LINC01173 
Expression  
(Mean±SD)

p-value

Overall expression 6.67±4.02 –

Age (in years)

≤40 years 5.60±2.79 0.04

>40 years 7.12±4.28

Gender

Male 6.77±3.97 0.89

Female 6.76±4.11

Hypertension

Yes 7.11±3.97 0.03

No 5.23±3.93

Urination

Yes 7.12±4.06 0.29

No 6.43±3.97

Weight loss

Yes 6.57±3.96 0.54

No 6.93±4.09

Fatigue

Yes 6.62±3.74 0.73

No 6.90±4.28

Wound healing

Yes 6.40±3.91 0.04

No 7.27±4.14

Blurred vision

Yes 7.31±0.74 <0.0001

No 4.27±2.11

Loss of appetite

Yes 7.10±4.10 0.13

No 6.49±3.95
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cases (p=0.0006). Vitamin-D deficient T2DM cases showed a 10.78 (SD=7.41) fold higher lncRNA LINC01173 
expression while vitamin-D insufficient had a 6.25 (SD=3.53) fold expression lncRNA LINC01173 and insufficient 
T2DM cases had a 5.96 (SD=3.33) fold lncRNA LINC01173 expression. Based on the B12 level two groups were made 
(deficient and normal level) and lncRNA LINC01173 expression was analyzed (Figure 1B), no such significant 
difference was observed in expression of lncRNA LINC01173 expression with respect to B12 deficient (6.67±3.75) 
and normal level (6.5±4.12).

Smoking and Their Association with lncRNA LINC01173 Expression
Based on the smoking habit of T2DM cases, lncRNA LINC01173 expression was analyzed. It was observed that the 
T2DM cases with smoking had a 8.33-fold (SD=3.96) lncRNA LINC01173 expression while non-smokers had a 5.43- 
fold (SD=3.58) lncRNA LINC01173 expression (p<0.0001) (Figure 2).

Figure 1 Association of lncRNA LINC01173 expression with vitamin-D and B12. (A) lncRNA LINC01173 expression with respect to vitamin-D deficiency, insufficiency and 
sufficiency. (B) lncRNA LINC01173 expression with respect to B12 deficient and normal level.

Table 3 Comparison of Glucose Parameter with Status of Vitamin-D and B12 Among the T2DM Cases

Glucose parameters Vitamin-D level in T2DM cases p-value

Deficient Insufficient Sufficient

Fasting glucose (mg/dL) 284.5±62.91 250.2±33.47 247.2±34.51 0.01

Post prandial glucose (mg/dL) 343.7±54.12 369.0±80.40 350.1±8.67 0.47

HbA1C (%) 7.85±0.53 7.21±0.89 7.31±0.81 0.01

Glucose parameters Vitamin-B12 level in T2DM cases p-value

Deficient Normal

Fasting glucose (mg/dL) 268.3±57.67 262.7±45.37 0.72

Post prandial glucose (mg/dL) 355.1±78.41 340.7±84.68 0.30

HbA1C (%) 7.55±0.83 7.29±0.79 0.05
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Discussion
The role of long noncoding RNAs (lncRNAs) in the occurrence and progression of T2DM has gotten a lot of attention in 
recent years. Despite their lack of ability to code for proteins, there is growing evidence that lncRNAs play an important 
role in gene regulation.26 In the pathogenesis of T2DM and T2DM-related complications, lncRNAs also play an 
important role.27 It has been demonstrated that lncRNAs have clinical utility and can be used as biomarkers for disease 
diagnosis.28 There are only a few studies done to explore the role of LINC01173 expression in T2DM, therefore the 
present study analyzed the expression of lncRNA LINC01173 among the T2DM cases and observed to be high compared 
to control. It was observed that the T2DM cases with hypertension, no wound healing and who had blurred vision had 
higher lncRNA LINC01173 comparatively. A study by Hu et al26 reported that the expression of lncRNA LINC01173 
expression was high among the obese T2DM cases. We explored the association of lncRNA LINC01173 expression with 
Vitamin-D and B12 level and it was observed that the T2DM cases with Vitamin-D deficiency had higher expression of 
lncRNA LINC01173 compared to insufficient and sufficient T2DM cases while no significant association was observed 
with B12 level among the T2DM cases. Vitamin D has been found to play a role in glucose homeostasis via a number of 
mechanisms related to the insulin signaling pathway and takes part in nourishing of normal level of Ca2+ and reactive 
oxygen species (ROS) both in pancreatic beta cells. It is well known that T2DM is linked to increased oxidative stress 
and vitamin D deficiency.29 Vitamin D supplementation was also found to improve glycemic control and reduce insulin 
resistance in people at high risk of developing diabetes.30 In diabetic patients, vitamin D may help to reduce the negative 
effects of oxidative stress. Diabetes is linked to an increased level of oxidative damage, including DNA damage, as a 
result of chronic hyperglycemia.31 Vitamin D is also involved in a number of cellular processes that maintain glucose and 
lipid metabolism homeostasis, and growing evidence suggests that vitamin D deficiency is linked to the development of 
diabetes, insulin resistance, insulin signaling, and inflammation.32 In the present study it was observed that the T2DM 
cases with vitamin-D deficiency had high fasting glucose and HbA1C compared to insufficient and sufficient. The impact 
of vitamin D on the risk of developing type 2 diabetes has been studied in a Nurses Health Study which suggested a 
reduced vitamin-D level in T2DM.33 Hang Zhao et al34 suggested that Vitamin D had a clinically positive impact on 
glucose level, particularly on hemoglobin HbA1c reduction, and hyperglycemia induced-oxidative stress. Vitamin D has 
also been suspected as a diabetes risk modifier based on basic and animal studies and vitamin D insufficiency has long 
been suspected as a risk factor for diabetes.35 It was also observed that the T2DM cases with GAD autoantibody showed 
higher lncRNA LINC01173 expression while lower expression was observed comparatively. T2DM cases with smoking 
and habit also showed higher lncRNA LINC01173 expression compared to nonsmoker T2DM cases.

Figure 2 lncRNA LINC01173 expression and its association with smoking and nonsmoking habit of T2DM cases.
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Conclusion
The present study concludes that the risk of T2DM may be associated with higher expression of lncRNA LINC01173 and 
alteration in vitamin-D level, and smoking habit was linked with altered lncRNA LINC01173 expression. Alteration in 
vitamin-D was also linked with fasting glucose and HbA1C alteration. Collectively, increased expression of lncRNA 
LINC01173, vitamin-D alteration, and smoking habit may be the cause of disease severity and increase the pathogenesis 
of disease.
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