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Abstract
Objective  We aimed to investigate the expression of lncRNA Kcnq1ot1 in T2DM patients with OA, as well as its 
correlation with serum inflammatory factors and clinical outcomes of the patients.

Methods  This prospective observational cohort study included a total of 50 patients with type 2 diabetes mellitus 
(T2DM), 50 patients with osteoarthritis (OA), and 51 patients with both T2DM and OA between March 2020 and 
March 2023. The serum TNF-α, interleukin (IL)-6, IL-1β and C-reactive protein (CRP) levels were measured using 
enzyme-linked immunosorbent assay (ELISA). To determine the expression of LncRNA Kcnq1ot1, RT-qPCR was used. 
Demographic, clinical statistics, lipid metabolism and nutritional indicators were collected. All data used SPSS 26.0 to 
statistical analyses.

Results  The T2DM + OA group had significantly higher BMI and LDLC levels compared to the T2DM group (p < 0.05). 
The serum levels of LncRNA Kcnq1ot1 were significantly higher in the T2DM + OA group compared to the OA group 
and T2DM group (p < 0.05). Pearson’s analysis supported a positive correlation between LncRNA Kcnq1ot1 and IL-6 
and IL-1β levels. In addition, LncRNA Kcnq1ot1 could be a potential biomarker for diagnosing the occurrence of T2DM 
patients with OA. Moreover, LncRNA Kcnq1ot1, BMI, IL-6, Low density lipoprotein cholesterol (LDLC) were the risk 
factors for T2DM patients with OA.

Conclusion  This study showed that the serum LncRNA Kcnq1ot1 levels was remarkably elevated in T2DM patients 
with OA. This study might provide new targets and a comprehensive approach to treatment in T2DM patients with 
OA.
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Introduction
The incidence of diabetes mellitus (DM) is increasing 
worldwide [1, 2]. According to statistics, the global prev-
alence of DM is projected to reach 7.7% (366 million peo-
ple) by 2030 and rise to 5.9 billion by 2035 [3]. China has 
seen a tenfold increase in the prevalence of DM in the 
past 30 years, making it the country with the largest pop-
ulation of individuals with DM in the world [4, 5]. As the 
incidence of diabetes continues to rise, the occurrence of 
related complications also increases [6]. Osteoarthritis 
(OA) is a common complication in patients with type 2 
diabetes mellitus (T2DM) [7]. Evidence suggests that dia-
betes may be an independent risk factor for OA [8]. Stud-
ies have shown that the risk of developing OA in diabetes 
patients is more than four times higher than in non-dia-
betic individuals, and the incidence increases with the 
duration of diabetes, with higher rates in patients with 
poor long-term glycemic control [9, 10]. Therefore, 
there is an urgent need to investigate the pathogenesis of 
DM-associated OA and to prevent diabetic osteoarthri-
tis from the perspective of early risk factors for disease 
progression.

Long non-coding RNAs (lncRNAs) are a class of non-
coding RNAs with a length exceeding 200 nucleotides. 
They can affect the expression of downstream target 
mRNAs through various pathways, regulating target pro-
teins, and therefore have important implications in many 
physiological and pathological processes [11, 12]. The full 
name of lncRNA Kcnq1ot1 is KCNQ1 overlapping tran-
script 1, located at the KCNQ1 locus on 11p15.5, and it 
is involved in the pathophysiology of various diseases 
[13]. Recent studies have demonstrated that LncRNA 
Kcnq1ot1 influences cell proliferation, apoptosis, and 
fibrosis in human renal proximal tubular epithelial cells 
under hyperglycemic conditions by regulating the miR-
18b-5p/SORBS2 axis and the NF-ĸB pathway [14]. Fur-
thermore, lncRNA Kcnq1ot1 alleviates the functional 
impairment of osteoarthritic chondrocytes, specifically 
by enhancing their proliferation, reducing apoptosis, and 
improving the synthesis of extracellular matrix compo-
nents through the miR-218-5p/PIK3C2A axis [15]. These 
suggested that lncRNA Kcnq1ot1 played a certain role in 
the progression of diabetes and osteoarthritis. However, 
there is currently no clinical research on the expression 
and significance of lncRNA Kcnq1ot1 in T2DM patients 
with OA.

In this prospective observational cohort study, we 
aimed to investigate the expression of lncRNA Kcnq1ot1 
in T2DM patients with OA, as well as its correlation 
with inflammatory factors and clinical outcomes of 
the patients. We selected LncRNA Kcnq1ot1 due to its 
emerging role in the regulation of inflammatory pro-
cesses and its potential involvement in metabolic dis-
orders, particularly type 2 diabetes mellitus (T2DM). 

Recent studies have indicated that LncRNA Kcnq1ot1 
may play a critical role in modulating inflammatory path-
ways, which are known to be significantly associated 
with both T2DM and osteoarthritis (OA). Additionally, 
we included Body Mass Index (BMI) as it is a well-estab-
lished indicator of obesity and metabolic health, which 
are critical factors in the pathogenesis of T2DM. Inter-
leukin-6 (IL-6) was chosen due to its recognized role as a 
pro-inflammatory cytokine that is often elevated in both 
T2DM and OA, indicating systemic inflammation. Low-
Density Lipoprotein Cholesterol (LDLC) was included 
because of its association with cardiovascular risks, 
which are heightened in T2DM patients.

Methods
Subjects
This prospective observational cohort study included a 
total of 50 patients with T2DM, 50 patients with OA, and 
51 patients with both T2DM and OA, treated at our hos-
pital between March 2020 and March 2023. The cohort 
consisted of 38 males and 63 females, providing a com-
prehensive view of gender representation in the study 
population. The diagnosis of T2DM followed the criteria 
outlined in the Chinese Guidelines for the Prevention and 
Treatment of Type 2 Diabetes (2017 edition) [16], includ-
ing: (1) typical symptoms of diabetes (polyuria, poly-
dipsia, polyphagia, unexplained weight loss); (2) fasting 
plasma glucose concentration higher than 7.0 mmol/L, or 
plasma glucose concentration higher than 11.1 mmol/L, 
or a 2-hour plasma glucose concentration higher than 
11.1 mmol/L during oral glucose tolerance test (OGTT). 
The diagnosis of OA was based on the criteria outlined in 
the Chinese Guidelines for the Diagnosis and Treatment 
of Osteoarthritis (2019 edition) [17], which included 
clinical symptoms and imaging findings after exclud-
ing other types of joint diseases. Specifically: (1) joint 
pain during activity; (2) morning stiffness, character-
ized by joint stiffness and tightness lasting 15 to 30 min 
after waking up; (3) radiographic evidence of asymmetric 
joint space narrowing, subchondral bone sclerosis and/or 
cystic changes, and osteophyte formation. The diagnosis 
of T2DM with OA was made when the criteria for both 
T2DM and OA were met. All patients included in the 
study were aged 18 years or older. The exclusion crite-
ria were as follows: (1) patients with gestational diabetes 
mellitus or type 1 diabetes mellitus; (2) patients who had 
recently received anti-inflammatory or immunosuppres-
sive therapy; (3) patients with severe infections, severe 
liver or kidney diseases, malignancies, or cardiovascu-
lar dysfunction; (4) patients with acute complications 
of diabetes or other severe complications; (5) patients 
with rheumatoid arthritis, gout, ankylosing spondylitis, 
or other spinal joint diseases. The study was approved 
by our hospital ethics committee. All subjects agreed to 
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participate in this study and signed an informed consent 
form.

Blood sampling measurement
The serum TNF-α, interleukin (IL)-6, IL-1β and C-reac-
tive protein (CRP) levels were measured using enzyme-
linked immunosorbent assay (ELISA). Blood samples of 
fasting cubital venous (5 mL) were collected within 24 h 
after admission for all cases. Samples were centrifuged 
at 2000 g for 15 min, following with ELISA tested using 
commercially available kits (TNF-α MBS824943 MyBio-
Source, IL-6 MBS175877 MyBioSource, CRP MBS177184 
MyBioSource, IL-1β MBS175901 MyBioSource).

Reverse transcription-quantitative polymerase chain 
reaction (RT-qPCR)
To determine the expression of LncRNA Kcnq1ot1, 
RT-qPCR was used. To obtain RNA from serum of all 
patients, we utilized the RNAiso Plus kit (procured from 
Takara, Japan), and subsequently performed reverse tran-
scription into cDNA using the Prime-ScriptTM one-step 
qRT-PCR kit (obtained from TAKARA, Dalian, China). 
For RT-qPCR, we employed the SYBR Premix ExTaq 
(TaKaRa) and the ABI PRISM7300 Sequence Detection 
System (from Applied Biosystems). The primer sequences 
of LncRNA Kcnq1ot1 is: Forward 5’-​T​T​G​G​T​A​G​G​A​T​T​T​
T​G​T​T​G​A​G​G-3’, Reverse 5’-​C​A​A​C​C​T​T​C​C​C​C​T​A​C​T​A​C​
C-3’. GAPDH served as an internal control. The mRNA 
expressions were calculated by the 2-ΔΔCt method.

Data collection and scale scoring
Demographic and clinical characteristics such as age, 
BMI, gender, diastolic blood pressure (DBP), systolic 
blood pressure (SBP), etc., were documented. A routine 
blood test was conducted using an automated biochemi-
cal analyzer (Hitachi 7600, Hitachi Corporation, Japan), 
and measurements of total cholesterol (TC), triglycer-
ides (TG), high-density lipoprotein cholesterol (HDL-C), 
low-density lipoprotein cholesterol (LDL-C), and fasting 
plasma glucose (FPG) were recorded.

Statistical analysis
Normally distributed data are presented as mean ± stan-
dard deviation (SD), while non-normally distributed data 
are presented as median (range). One-way analysis of 
variance (ANOVA) followed by Tukey’s post hoc test was 
used for comparisons among the three patient groups. 
Correlation analysis was performed using Pearson’s rank 
correlation and Spearman’s rank correlation. Receiver 
operating characteristic (ROC) curve analysis was used 
to analyze the role of LncRNA Kcnq1ot1 in diagnosing 
the occurrence of osteoarthritis in patients with diabe-
tes. Logistic regression analysis was conducted to iden-
tify risk factors for the occurrence of osteoarthritis in 
patients with diabetes. A p-value of < 0.05 was considered 
statistically significant. All data were analyzed using SPSS 
26.0.

Results
Clinical characteristics of all participants
This prospective observational cohort study included 50 
T2DM patients (T2DM group, n = 50), 50 OA patients 
(OA group, n = 50) and 51 T2DM patients with OA 
(T2DM + OA group, n = 51). When comparing demo-
graphic data and clinical data among the three groups, we 
found that significantly lower FPG and TG levels in the 
OA group compared to the T2DM + OA group (Table 1, 
p < 0.05). Furthermore, the T2DM + OA group had sig-
nificantly higher BMI and LDLC levels compared to the 
T2DM group (p < 0.05). There were no significant differ-
ences in age, gender, SBP, DBP, TC, and HDLC among 
the three groups.

Serum levels of LncRNA Kcnq1ot1 and inflammatory 
factors in all patients
To further investigate the relationship between LncRNA 
Kcnq1ot1, inflammatory cytokines, and the occur-
rence of OA in T2DM patients, we measured the levels 
of serum LncRNA Kcnq1ot1, TNF-α, IL-6, IL-1β, and 
CRP using PCR and ELISA in all three patient groups. As 
shown in Fig.  1, the serum levels of LncRNA Kcnq1ot1 

Table 1  Demographic and clinical data of all subjects
Variable T2DM + OA, n = 51 T2DM, n = 50 OA, n = 50 P1 P2

Age, y 56 (48–67) 60 (43–71) 58 (48–67) 0.168 0.883
Sex, n (%) 29 (56.9) 28 (56.0) 27 (54.0) 0.999 0.776
BMI 25.15 ± 2.07 23.61 ± 2.51 25.41 ± 1.94 0.001 0.822
SBP (mmhg) 134.46 ± 13.54 132.65 ± 14.45 130.79 ± 14.72 0.800 0.400
DBP (mmhg) 87.63 ± 10.80 89.71 ± 9.10 86.30 ± 10.34 0.555 0.783
FPG (mmol/L) 9.15 ± 1.35 8.80 ± 1.52 5.55 ± 0.82 0.349 < 0.001
TC (mmol/L) 3.43 ± 0.65 3.20 ± 0.66 3.29 ± 0.67 0.177 0.538
TG (mmol/L) 1.85 ± 0.35 1.76 ± 0.34 1.48 ± 0.51 0.524 < 0.001
HDLC (mmol/L) 1.20 ± 0.15 1.16 ± 0.15 1.18 ± 0.15 0.427 0.698
LDLC (mmol/L) 2.72 ± 0.55 2.40 ± 0.52 2.72 ± 0.52 0.008 0.999
P1 comparison between T2DM + OA group and T2DM group. P2 comparison between T2DM + OA group and OA group
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were significantly higher in the T2DM + OA group 
compared to the OA group (p < 0.05). Additionally, the 
T2DM + OA group had significantly higher levels of 
LncRNA Kcnq1ot1, IL-6, and IL-1β in serum compared 
to the T2DM group (p < 0.05). Pearson’s analysis sup-
ported a positive correlation between LncRNA Kcnq1ot1 
and IL-6 and IL-1β levels (Table 2).

Correlation between serum LncRNA Kcnq1ot1 levels and 
patients’ clinical outcome
Subsequently, Spearman’s rank correlation analysis was 
performed to examine the relationship between LncRNA 
Kcnq1ot1 levels and clinical factors in all patients. As 
shown in Table  3, there was no significant correla-
tion between LncRNA Kcnq1ot1 levels and age, BMI, 
SBP, DBP, TG, LDLC, and HDLC. However, LncRNA 

Table 2  Correlation analysis among LncRNA Kcnq1ot1, TNF-α, IL-6, IL-1β and CRP
LncRNA Kcnq1ot1 CRP IL-6 IL-1β TNF-α

LncRNA Kcnq1ot1
  Pearson’s correlation 1 -0.073 0.196 0.213 0.074
  p 0.468 0.049 0.033 0.462
CRP
  Pearson’s correlation -0.073 1 0.022 -0.063 -0.068
  p 0.468 0.824 0.535 0.498
IL-6
  Pearson’s correlation 0.196 0.022 1 0.383 -0.017
  p 0.049 0.824 < 0.001 0.863
IL-1β
  Pearson’s correlation 0.213 -0.063 1 -0.089
  p 0.033 0.535 0.383 0.375
TNF-α < 0.001
  Pearson’s correlation 0.074 -0.068 -0.017 -0.089 1
  p 0.462 0.498 0.863 0.375

Fig. 1  Comparisons of LncRNA Kcnq1ot1 and other serum biomarkers in all subjects. *P < 0.05 vs. corresponding group
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Kcnq1ot1 levels were positively correlated with serum 
FPG and TC levels (p < 0.05). These results suggested that 
LncRNA Kcnq1ot1 is associated with clinical outcomes 
in patients.

Diagnosis value of LncRNA Kcnq1ot1 for the occurrence of 
osteoarthritis in patients with T2DM
We draw ROC curves to assess the diagnosis value of 
LncRNA Kcnq1ot1 for the occurrence of osteoarthritis 
in patients with T2DM (Fig. 2). The results indicated that 
LncRNA Kcnq1ot1 could be a potential biomarker for 
diagnosing the occurrence of T2DM patients, the AUC of 
LncRNA Kcnq1ot1 was 0.748, with a cutoff value of 3.14, 
sensitivity of 70.6%, and specificity of 76.0%.

Logistic regression for risk factors of T2DM patients with 
OA
Finally, we used entry method for logistic regression to 
analyze the risk factors of T2DM patients with OA. For 
logistic regression, we used the entry method. It was 
found that LncRNA Kcnq1ot1, BMI, IL-6, LDLC were 
the risk factors for T2DM patients with OA (Table 4).

Discussion
For patients with T2DM complicated by OA, effective 
diagnostic methods are lacking in the early stages, often 
leading to the detection of pathological changes only 
after structural and functional alterations have occurred, 
missing the optimal treatment window. Moreover, the 
altered microenvironment caused by diabetes further 
increases the difficulty of treatment and affects progno-
sis [8]. Therefore, we attempted to explore the risk fac-
tors for T2DM complicated by OA and identify serum 
biomarkers indicative of changes. Our findings revealed a 
significant elevation in serum levels of lncRNA Kcnq1ot1 
in patients with T2DM complicated by OA.

More and more studies have focused on changes in 
serum biomarkers in patients with T2DM complicated 
by OA. Luo et al. found that the expression levels of 
matrix metalloproteinases (MMPs) in synovial fluid were 
significantly higher in patients with DM with OA com-
pared to OA patients and healthy controls [18]. Wang 
et al.’s meta-analysis indicated an inverse relationship 
between serum magnesium levels and the prevalence of 
DM, metabolic syndrome (MetS), and hyperuricemia 
(HU) in OA patients [19]. Ashoor et al. confirmed that 
the serum level of Insulin-like growth factor 1 (IGF-
1) was significantly decreased in the DM + OA group 
compared to the DM or OA group alone [20]. Maxime 
et al. suggested that distinct lipid and protein profiles in 
articular cartilage between OA patients with and without 
DM, suggesting differences in several metabolic pathways 
such as lipid regulation [21]. These findings are consis-
tent with our study results. After measuring the levels of 
lipid metabolism factors in the three patient groups, we 
found that the TC level was altered in T2DM patients, 
and the LDLC level was altered in OA patients compared 
to T2DM + OA patients. We also found that T2DM + OA 
patients had higher BMI, which may be associated with 

Table 3  Correlation between serum LncRNA Kcnq1ot1 levels 
and the clinical data of the patients
Variable LncRNA Kcnq1ot1

Spearman’s correlation P
Age -0.194 0.052
BMI 0.096 0.339
SBP -0.042 0.674
DBP 0.069 0.490
FPG 0.284 0.004
TC 0.208 0.037
TG -0.013 0.897
HDLC 0.100 0.322
LDLC 0.084 0.403

Table 4  Logistic regression for risk factors of T2DM patients with 
OA
Variables Odds ratio 95% CI P
Age 1.094 0.957–1.251 0.189
Sex 1.837 0.262–13.408 0.532
BMI 0.550 0.329–0.918 0.022
SBP 0.950 0.884–1.021 0.160
DBP 1.028 0.939–1.125 0.547
FPG 1.029 0.539–1.966 0.931
TC 1.073 0.182–6.336 0.938
TG 1.367 0.064–29.430 0.842
HDLC 0.024 0.001–11.578 0.237
LDLC 0.119 0.019–0.746 0.023
CRP 0.997 0.981–1.014 0.748
IL-6 0.650 0.509–0.831 0.001
IL-1β 0.897 0.084–1.001 0.051
TNF-α 0.999 0.931–1072 0.978
LncRNA Kcnq1ot1 0.115 0.020–0.688 0.016

Fig. 2  ROC curves for LncRNA Kcnq1ot1 for the occurrence of osteoarthri-
tis in patients with T2DM
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changes in lipid metabolism levels and a higher preva-
lence of MetS in overweight/obese patients [22].

Activation of the LncRNA Kcnq1ot1 pathway has been 
found to enhance inflammatory responses in various dis-
eases. In atherosclerosis, Knockdown of Kcnq1ot1 acti-
vates the miRNA and tumor necrosis factor-α-induced 
protein 1 (TNFAIP1) pathway, inhibiting oxidative 
low-density lipoprotein (ox-LDL)-induced inflamma-
tory response [23]. In transient ischemic attack (TIA), 
the expression level of LncRNA Kcnq1ot1 is positively 
correlated with the inflammatory marker high-sensi-
tivity C-reactive protein (hs-CRP) levels, suggesting its 
involvement in the regulation of TIA-induced inflamma-
tion [24]. Moreover, LncRNA Kcnq1ot1 can serve as a 
molecular sponge for miR-130a-3p, upregulating relevant 
target proteins and enhancing inflammatory responses, 
thereby exacerbating hydrogen peroxide (H2O2)-medi-
ated myocardial cell injury [25]. In diabetic nephropa-
thy, Kcnq1ot1 is overexpressed in human glomerular 
mesangial cells (HGMC) cultured in high glucose (HG), 
and it mediates proliferation, extracellular matrix (ECM) 
accumulation, inflammation, and oxidative stress in 
HG-treated HGMC cells [26]. These research findings 
suggest a close association between LncRNA Kcnq1ot1 
and inflammatory responses. Therefore, in our study, we 
measured the levels of serum LncRNA Kcnq1ot1 and 
inflammatory markers in all patients. The results showed 
a significant elevation of serum LncRNA Kcnq1ot1 lev-
els in T2DM patients with OA, positively correlated with 
IL-6 and IL-1β. Additionally, we found a positive cor-
relation between serum LncRNA Kcnq1ot1 levels and 
LDLC levels, indicating a potential association between 
LncRNA Kcnq1ot1 and lipid metabolism in patients. 
Similarly, Aili et al. demonstrated that knockdown of 
Kcnq1ot1 improved cell viability and suppressed inflam-
matory response, thereby ameliorating OA [27]. Liu et al. 
also confirmed the critical role of Kcnq1ot1-related sig-
naling pathways in osteoarthritis [28]. Interestingly, Y Liu 
et al. reported contrary findings, suggesting that over-
expression of Kcnq1ot1 reduces chondrocyte dysfunc-
tion by targeting miRNA and activating the PI3K-related 
pathway [15]. These results collectively highlight the 
important role of LncRNA Kcnq1ot1 in OA. However, 
no clinical studies have investigated the role of LncRNA 
Kcnq1ot1 in T2DM patients with OA. We are the first to 
demonstrate the upregulation of LncRNA Kcnq1ot1 in 
T2DM patients with OA in a clinical study, and logistic 
regression analysis showed that LncRNA Kcnq1ot1 is a 
risk factor for T2DM patients with OA.

There are several limitations to this study. Firstly, it is 
a single-center study with a relatively small sample size. 
Secondly, our analysis only assessed the levels of LncRNA 
in the serum of patients and did not measure the levels 
of LncRNA in the articular cartilage of patients. Finally, 

further research is needed to elucidate the molecular 
mechanisms by which LncRNA Kcnq1ot1 is involved in 
the development of T2DM patients with OA.

This study has several limitations that should be 
acknowledged. Firstly, one significant limitation is the 
lack of detailed analysis regarding gender differences in 
the expression of biomarkers among the patient cohort. 
Given that females are more prone to developing osteo-
arthritis (OA) and that gender may influence the patho-
physiology of both type 2 diabetes mellitus (T2DM) and 
OA, future studies should aim to explore these differences 
comprehensively. The absence of this analysis in our cur-
rent study limits the generalizability of our findings and 
may overlook critical insights into the role of gender in 
T2DM patients with OA. Additionally, the study’s obser-
vational design restricts the ability to establish causality 
between LncRNA Kcnq1ot1 and the clinical outcomes 
observed. Furthermore, the relatively small sample size 
may limit the statistical power to detect significant dif-
ferences in biomarker expression between subgroups. 
Finally, the study was conducted at a single center, which 
may affect the external validity of our results.

Conclusion
Serum LncRNA Kcnq1ot1 levels was remarkably elevated 
in T2DM patients with OA. In addition, serum LncRNA 
Kcnq1ot1 levels was a risk factor for T2DM patients with 
OA. This study might provide new targets and a compre-
hensive approach to treatment in T2DM patients with 
OA.
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