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Objective: We aimed to examine the association between bone morphogenetic protein-9 (BMP-9) and type 2 diabetes mellitus 
(T2DM) in conjunction with non-alcoholic fatty liver disease (NAFLD) and insulin resistance (IR) and to identify evidence supporting 
the potential role of BMP-9 in the clinical prevention and treatment of T2DM in conjunction with NAFLD.
Methods: One hundred and twenty subjects were included in this study. We sorted all of the subjects into four groups of equal size 
(n=30 each). A trained expert assessed the height, weight, systolic blood pressure (SBP), and diastolic blood pressure (DBP) of the 
subjects and computed the body mass index (BMI). All subjects had their fasting blood glucose (FBG), fasting insulin (FINS), serum 
BMP-9, and biochemical indices assessed.
Results: Significant variations were observed in BMI, SBP, DBP, ALT, TC, TG, HDL-C, LDL-C, ApoB, FBG, FINS, HOMA-IR, and 
serum BMP-9 among the four groups (P<0.05). The level of serum BMP-9 was positively correlated with HDL-C, while the level of 
serum BMP-9 was negatively correlated with BMI, SBP, DBP, ALT, TC, TG, LDL-C, FBG, FINS, and HOMA-IR. Multiple stepwise 
regression analyses revealed that FINS, LDL-C, HDL-C, and BMI were independent factors impacting serum BMP-9 levels (P<0.05). 
Logistic regression analyses revealed that BMP-9 was a protective factor for T2DM paired with NAFLD, while HOMA-IR was a risk 
factor.
Conclusion: Serum BMP-9 levels are significantly lower in the T2DM+NAFLD group when compared to other groups, and BMP-9 
is an independent risk factor for T2DM paired with NAFLD.
Keywords: bone morphogenetic protein-9, type 2 diabetes mellitus, non-alcoholic fatty liver disease, insulin resistance, glucose and 
lipid metabolism

Introduction
Nowadays, non-alcoholic fatty liver disease (NAFLD) is the most common cause of chronic liver disease all over the 
world.1 Patients with type 2 diabetes mellitus (T2DM) frequently develop NAFLD. According to studies, up to 70% of 
individuals who are diabetic may have NAFLD.2 The close link between NAFLD and T2DM is bidirectional.3 T2DM 
may trigger the onset and progression of NAFLD. The disordered glycolipid metabolism attributes to a much higher risk 
of developing NAFLD in T2DM patients. Conversely, NAFLD may also promote the development of T2DM. There is 
evidence suggesting that NAFLD increases the risk of T2DM4 and leads to more disturbing glucolipid metabolism in 
T2DM patients. Insulin resistance (IR) and glycolipid metabolism dysfunction are often worse in patients with NAFLD 
and T2DM than in patients with only NAFLD or T2DM. As a result, much research effort has been devoted to 
investigating the underlying mechanisms that link NAFLD and T2DM. It is commonly assumed that IR plays a role 

International Journal of General Medicine 2022:15 8539–8546                                           8539
© 2022 Hao 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).

International Journal of General Medicine                                             Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 17 August 2022
Accepted: 23 November 2022
Published: 7 December 2022

http://orcid.org/0000-0003-1869-9633
http://www.dovepress.com/permissions.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


in the onset and progression of both T2DM and NAFLD and that it may be the common underlying mechanism that links 
diabetes and NAFLD.3 However, the precise mechanism is still unknown.

Bone morphogenetic protein-9 (BMP-9) is an emerging discovery of a hepatocyte factor that was cloned from a liver 
cDNA library of the embryonic mouse. BMP-9 is highly expressed in the liver.5 It has been discovered to play an 
essential role in the regulation of lipid, glucose, and energy metabolism. By inhibiting hepatic gluconeogenesis, 
promoting myogenic glycogen synthesis, and stimulating insulin secretion, BMP-9 can lower blood glucose levels and 
improve insulin sensitivity.6 BMP-9 can also lower lipid levels and reduce lipid accumulation in the liver,7 regulating 
glucose homeostasis in the body while maintaining the dynamic balance of lipids. Studies have reported the variations of 
serum BMP-9 levels in diabetes mellitus as well as in metabolic syndrome (MetS).8,9 Luo et al8 showed that compared to 
healthy subjects, serum BMP-9 levels were significantly lower in patients with T2DM. Similarly, a study based on MetS 
patients showed that BMP-9 levels were significantly lower in MetS patients than in healthy controls.9 Both studies 
suggested a negative correlation between BMP-9 and HOMA-IR. However, no previous research has been conducted to 
investigate the relationship between serum BMP-9 levels and T2DM combined with NAFLD, a common condition that 
typically presents with more severe IR and glycolipid metabolism dysfunction than either T2DM or NAFLD alone. The 
relationship between BMP-9 and IR in patients with T2DM combined with NAFLD has also not been studied.

As a result, we examined the relationship between serum BMP-9 and indicators of glycolipid metabolism in T2DM 
with or without NAFLD as well as the change in serum BMP-9 in this study. We also evaluated IR and its correlation 
with serum BMP-9 in patients with single NAFLD, T2DM, or T2DM combined with NAFLD. With this research, we 
aim to shed more light on the pathophysiology of T2DM with NAFLD as well as any potential contributions BMP-9 
might make to glycolipid metabolism.

Materials and Methods
Participants
The participants were sixty T2DM patients from the Endocrinology Department of Hebei General Hospital and sixty 
subjects from the Physical Examination Center of Hebei General Hospital. The above-mentioned participants were 
divided into four groups: Group 1: T2DM patients without NAFLD; Group 2: T2DM patients with NAFLD; Group 3: 
NAFLD patients without T2DM; and Group 4: normal controls. Each group contained 30 participants. This research was 
conducted in accordance with the Declaration of Helsinki and with the approval of the Hebei General Hospital’s medical 
ethics committee. All patients had signed the informed consent form before enrollment. Exclusion criteria were as 
follows:1) type 1 diabetes mellitus, gestational diabetes mellitus, and other special types of diabetes mellitus; 2) acute 
complications of diabetes; 3) viral hepatitis caused by hepatitis virus infection, direct or indirect damage to the liver by 
drugs, autoimmune liver disease caused by immune dysfunction in the body, etc; 4) alcohol consumption >70 g per week 
for women and >140 g per week for men; 5) malignant tumor; and 6) patients with severe hepatic or renal insufficiency.

Anthropometric and Biochemical Measurements
The following general details were collected: age, sex, occupation, drinking history, previous medical history, duration of 
diabetes, and family history. Height, weight, systolic blood pressure (SBP) and diastolic blood pressure (DBP) were 
measured by a medical professional, and body mass index (BMI) was computed. The formula was BMI = weight (kg)/ 
height (m) squared. Blood samples were collected from the patients after 10–12h of overnight fasting. All subjects’ 
alanine aminotransferase (ALT), aspartate aminotransferase (AST), total cholesterol (TC), triglyceride (TG), high-density 
lipoprotein cholesterol (HDL-C), low -density lipoprotein cholesterol (LDL-C), apolipoprotein A1 (ApoA1) and apoli
poprotein B (ApoB) levels were measured. In the interim, all subjects were subjected to an insulin release test and an oral 
glucose tolerance test (OGTT test). After consuming glucose water, blood was drawn at 30, 60, 120, and 180 min to 
measure blood glucose and insulin levels. Levels of fasting blood glucose (FBG) and fasting insulin (FINS) were 
determined using the glucose oxidase method and enzyme-linked immunosorbent assay (ELISA) respectively. The 
homeostasis model assessment of insulin resistance (HOMA-IR) was calculated as HOMA-IR= FBG (mmol/L)×FINS 
(μU/mL)/22.5.
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Measurements of Circulating BMP-9 Levels
Fasting venous blood was retained in serum separator tubes and allowed to stand for 2 h at 18–25 °C. Thereafter, the 
blood was centrifuged for 20 min (1000×g) in an LDZ-2 automatic balancing centrifuge, and the supernatant obtained 
was collected in 500 μLEP tubes and stored in a low-temperature refrigerator at −80 °C for the detection of BMP-9. 
Human BMP-9 ELISA Kit was purchased from Cloud-Clone Corp, Wuhan, China. In addition, the ELISA procedure was 
carried out in accordance with the BMP-9 instructions.

Statistical Analysis
Data from our study were statistically analyzed using SPSS 21.0 software. The Shapiro–Wilk test was used to test the 
normality of the data. The measured data of the normal distribution is represented by mean ± standard deviation. 
Comparisons were made between the two groups, and the independent t-test was fully utilized to complete the 
comparison process. The analysis of variance (ANOVA) test was utilized to compare data from multiple groups. 
The 25th to 75th interquartile range was used to express measurement data for non-normal distributions, and the rank 
sum test was applied to compare groups. For categorical variables, data were expressed as numbers or percentages, and 
the chi-square test was used to compare categorical variables. The correlations between BMP-9 and clinical index were 
examined using linear correlation analysis and multiple linear regression analysis, and the relationship between BMP-9 
and T2DM combined with NAFLD were examined using logistic regression. P < 0.05 or P < 0.01 was considered the 
threshold of significance.

Results
Comparative Analysis of the Clinical Characteristics of the Four Groups
Age, gender, and duration of diabetes were not substantially different among the four study groups, although BMI, SBP, 
and DBP were significantly different (P<0.05). When compared to the T2DM group, the BMI of the T2DM+NAFLD 
group was higher (P<0.01). The T2DM+NAFLD group exhibited higher BMI, SBP, and DBP (P<0.01), the T2DM group 
exhibited higher SBP and DBP (P<0.05 or P<0.01), and the NAFLD group exhibited higher BMI and DBP (P<0.05 or 
P<0.01) compared to the NC group (Table 1).

Comparative Analysis of Serological Markers in the Four Groups
Between the four study groups, there were no statistically significant differences in AST and ApoA1 levels, but there 
were statistically differences in ALT, TC, TG, HDL-C, LDL-C, ApoB, FBG, FINS, and HOMA-IR levels (P<0.05). TC, 
ApoB, FINS, and HOMA-IR were higher in the T2DM+NAFLD group compared to the T2DM group (P<0.05). 
Compared to the NC group, the T2DM+NAFLD group had higher ALT, TC, TG, LDL-C, ApoB, FBG, FINS, and 
HOMA-IR, but lower HDL-C (P<0.05 or P<0.01), the T2DM group had higher FBG, FINS, and HOMA-IR, but lower 
HDL-C (P<0.01), and the NAFLD group had higher TG, ApoB, FINS, and HOMA-IR, but lower HDL-C (P<0.05 or 
P<0.01) (Table 2).

Comparative Analysis of Serum BMP-9 Levels Across the Four Groups
The serum BMP-9 levels varied significantly among the four groups (P<0.05). Compared to the T2DM group, the T2DM 
+NAFLD group had a lower serum BMP-9 level. Compared to the NC group, the T2DM+NAFLD, T2DM, and NAFLD 
groups all had a lower serum BMP-9 level (P<0.01) (Table 3).

Relationship Between Circulating BMP-9 Levels and Other Clinical Parameters
Following that, the correlation between serum BMP-9 levels and anthropometric and biochemical markers was inves
tigated further. The BMP-9 level was negatively correlated with BMI, SBP, DBP, ALT, TC, TG, LDL-C, FBG, FINS, and 
HOMA-IR, while it was positively correlated with HDL-C (P<0.01, Table 4). However, this correlation was not seen in 
males. There were no correlations found between circulating BMP-9 and AST, ApoA1, and ApoB. Multiple stepwise 
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regression analysis revealed that serum BMP-9 levels were independently correlated with FINS, LDL-C, HDL-C, and 
BMI (P<0.05 or P<0.01, Table 5).

Logistic Regression Analysis of T2DM Combined with NAFLD
In multivariate logistic regression analysis, HOMA-IR (OR=1.913, 95% CI 1.020–3.588, P=0.043) and BMP-9 
(OR=0.939, 95% CI 0.899–0.981, P=0.005) were still found to be the independent influencing factors of T2DM 
combined with NAFLD even after adjusting for confounders (Table 6).

Table 1 Clinical Characteristics of the Four Groups

NC Group NAFLD Group T2DM Group T2DM+NAFLD Group P

n=30 n=30 n=30 n=30

Age (years) 55.00±8.03 55.07±12.18 54.50±12.69 53.80±12.46 0.972

Gender (male/female) 13/17 20/10 18/12 16/14 0.306
Duration of DM (years) – – 9.00 (2.50, 10.25) 5.00 (2.00, 10.00) 0.487

BMI (kg/m2) 23.67±1.59 27.79±2.46** 25.11±4.75 28.87±3.36**§§ <0.05

SBP (mmHg) 120.00 (113.50, 126.00) 124.00 (119.00, 131.25) 129.50 (119.50, 135.25)** 133.50 (126.00, 136.00)**Δ <0.05
DBP (mmHg) 73.30±6.65 78.70±7.23* 78.00±8.88* 79.13±9.33** <0.05

Notes: *P < 0.05 or **P<0.01, when other groups vs NC group; ΔP<0.05, when other groups vs NAFLD group; §§P<0.01, when other groups vs T2DM group. 
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure.

Table 2 Comparative Analysis of Serological Markers in the Four Groups

NC Group NAFLD Group T2DM Group T2DM+NAFLD Group P

n=30 n=30 n=30 n=30

ALT (U/L) 18.50 (11.75, 22.25) 25.00 (17.00, 38.00) 19.00 (12.50, 26.58) 26.00 (17.75, 52.50)* <0.05

AST (U/L) 21.00 (19.00, 25.50) 22.50 (18.75, 26.00) 20.50 (15.00, 24.25) 21.50 (17.00, 35.25) 0.335
TC (mmol/L) 4.78 (4.07, 5.24) 4.99 (4.41, 5.74) 4.65 (3.87, 6.13) 5.69 (5.02, 6.68)**§ <0.05

TG (mmol/L) 1.02 (0.73, 1.57) 1.90 (1.36, 2.52)** 1.50 (1.07, 2.50) 2.17 (1.49, 3.00)** <0.05

HDL-C (mmol/L) 1.37±0.26 1.16±0.21** 1.09±0.22** 1.05±0.23** <0.05
LDL-C (mmol/L) 2.85±0.67 3.08±0.58 3.28±1.14 3.78±0.81**ΔΔ <0.05

ApoA1 (g/L) 1.30 (1.20, 1.41) 1.25 (1.16, 1.33) 1.36 (1.12, 1.52) 1.37 (1.20, 1.50) 0.161

ApoB (g/L) 0.84±0.19 0.96±0.20* 0.86±0.26 0.98±0.22*§ <0.05
FBG (mmol/L) 5.09 (4.81, 5.39) 5.43 (5.10, 5.65) 7.65 (6.15, 9.55)**ΔΔ 8.59 (7.29, 10.16)**ΔΔ <0.05

FINS (mIU/L) 4.86 (3.64, 5.13) 11.52 (9.41, 18.28)** 10.04 (8.34, 14.73)** 16.46 (11.40, 20.73)**§ <0.05

HOMA-IR 1.02 (0.82, 1.19) 2.81 (2.14, 4.36)** 3.42 (2.33, 5.47)** 5.96 (4.64, 8.77)**ΔΔ§ <0.05

Notes: *P < 0.05 or **P<0.01, when other groups vs NC group; ΔΔP<0.01, when other groups vs NAFLD group; §P<0.05, when other groups vs T2DM 
group. 
Abbreviations: ALT, alanine aminotransferase; AST, aspartic acid aminotransferase; TC, total cholesterol; TG, triglyceride; HDL-C, high-density 
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; FBG, fasting blood glucose; 
FINS, fasting insulin; HOMA-IR, homeostasis model assessment of insulin resistance.

Table 3 Comparative Analysis of Serum BMP-9 Levels Across the Four Groups

NC Group NAFLD Group T2DM Group T2DM+NAFLD Group P

n=30 n=30 n=30 n=30

BMP-9 (pg/mL) 167.50±58.49 90.50±28.50** 95.01±34.03** 67.67±24.50**ΔΔ§§ <0.05

Notes: *P < 0.05 or **P<0.01, when other groups vs NC group; ΔP<0.05 or ΔΔP<0.01, when other groups vs NAFLD group; §P<0.05 or 
§§P<0.01, when other groups vs T2DM group. 
Abbreviation: BMP-9, bone morphogenetic protein-9.
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Discussion
Our research is the first to examine the alterations in serum BMP-9 in T2DM paired with NAFLD. As is well known, 
patients with diabetes have a substantially higher prevalence of NAFLD.10 Patients with T2DM appear to be more 
susceptible to developing NAFLD than people without diabetes.11 In addition, diabetic patients are more likely to 
develop more severe forms of NAFLD, including nonalcoholic steatohepatitis (NASH), advanced fibrosis, and 
cirrhosis.12 The study by Luo and Xu demonstrated that BMP-9 is considerably decreased in T2DM and metabolic 
syndrome.8,9 Similar BMP-9 modifications were seen in the current investigation as in prior research. Serum BMP-9 
levels are significantly lower in both the T2DM and NAFLD groups compared to healthy controls. However, no previous 

Table 5 Multiple Stepwise Regression Analyses of BMP-9 and 
Other Clinical Parameters

Model B Beta P

FINS −1.673 −0.243 0.007**
LDL-C −15.529 −0.257 0.002**

HDL-C 45.936 0.224 0.007**

BMI −2.656 −0.190 0.032*

Note: *P<0.05, **P<0.01.

Table 6 Logistic Regression Analysis of T2DM Combined with NAFLD

Model B OR 95% CI P

BMI 0.163 1.178 (0.996,1.392) 0.056
ALT −0.005 0.995 (0.968,1.023) 0.729

TC −0.201 0.818 (0.442,1.514) 0.523

TG 0.168 1.183 (0.836,1.674) 0.343
FINS −0.120 0.887 (0.689,1.142) 0.352

HOMA-IR 0.649 1.913 (1.020,3.588) 0.043*

BMP-9 −0.062 0.939 (0.899,0.981) 0.005**

Note: *P<0.05, **P<0.01.

Table 4 Linear Association of BMP-9 and 
Other Clinical Parameters

Variables r P

BMI −0.382 <0.001**

SBP −0.358 <0.001**

DBP −0.247 0.006**
ALT −0.250 0.006**

AST −0.049 0.592

TC −0.236 0.009**
TG −0.338 <0.001**

HDL-C 0.299 0.001**
LDL-C −0.283 0.002**

ApoA1 −0.024 0.794

ApoB −0.170 0.064
FBG −0.334 <0.001**

FINS −0.509 <0.001**

HOMA-IR −0.514 <0.001**

Note: **P<0.01.
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studies have been conducted to examine the alterations in BMP-9 in T2DM paired with NAFLD, which is a prevalent 
condition in T2DM and implies an even worse glycolipid metabolic disorder. Our investigation discovered a significant 
reduction in circulating BMP-9 levels in the T2DM+NAFLD group when compared to the T2DM or NAFLD group. 
According to logistic regression analysis, BMP-9 is an independent risk factor for T2DM paired with NAFLD.

Furthermore, our study discovered that HOMA-IR showed an overall upward trend, whereas serum BMP-9 levels 
showed a downward trend from the NC group, NAFLD group, or T2DM group, to the T2DM+NAFLD group. 
Correlation analysis showed a negative correlation between BMP-9 and HOMA-IR, suggesting that BMP-9 is associated 
with IR. Some previous studies have investigated the relationship between BMP-9 and IR. Caperuto et al13 established 
three different models of IR: rats with prolonged fasting (72 h), rats treated with dexamethasone (a known inducer of IR), 
and rats after pinealectomy. The results of Caperuto’s study revealed that BMP-9 mRNA expression was significantly 
decreased in the liver of three insulin-resistant rat models. Similarly, in human studies, it is found that BMP-9 levels were 
negatively correlated with HOMA-IR in T2DM and MetS patients.8,9 In our study, patients with T2DM+NAFLD had 
lower serum BMP-9 levels and higher HOMA-IR, demonstrating that IR is more severe in T2DM+NAFLD patients than 
in those with only T2DM or NAFLD and that BMP-9 is closely related to IR.

BMP-9 may be involved in IR via a variety of mechanisms. Some studies have suggested that BMP-9 may improve 
insulin sensitivity. In 2003, Chen et al screened 8000 human proteins using high-throughput cell-based assays for their 
ability to regulate glucose metabolism.6 BMP-9 was positive in two of these assays: reduction of phosphoenolpyruvate 
carboxykinase (PEPCK) expression in hepatocytes and activation of serine/threonine kinase (Akt) in differentiated 
myotubes. This suggests that BMP-9 inhibits hepatic gluconeogenesis as well as glycogen synthesis in muscle tissues. 
In addition, Sooho et al14 found that administration of MB109, a recombinant derivative of BMP-9, can increase the 
expression levels of CD137 and UCP1 and improve IR in adipose tissues in mice. These studies support that BMP-9 can 
regulate insulin sensitivity in the liver, skeletal muscles, and adipose tissues. However, another study indicates that 
insulin can conversely regulate the expression of BMP-9. Luo et al8 performed a euglycemic–hyperinsulinemic clamp 
(EHC) study and investigated the effect of hyperinsulinemia on circulating BMP-9 in healthy participants. The findings 
demonstrated that with increased insulin infusion, short-term hyperinsulinemia led to a gradual decline in BMP-9 levels, 
demonstrating an impact of insulin on the regulation of BMP-9. In the present study, we found that FINS had a negative 
correlation with BMP-9 and was an independent factor influencing serum BMP-9 levels. Taken together, current research 
findings suggest a correlation between BMP-9 and IR, but the causal relationship between BMP-9 and insulin sensitivity 
remains unknown. Further research is needed for illustrating the relationship between BMP-9 and insulin sensitivity.

Our study also showed a negative correlation between BMP-9 and FBG. This result is similar to previous studies. In 
Luo’s study,8 the level of circulating BMP-9 in T2DM patients was significantly lower than in healthy subjects. BMP-9 
has been shown in animal studies to reduce blood glucose levels in both normal and diabetic mice.6 As stated in the 
preceding sentence, BMP-9 may improve insulin sensitivity in the liver, muscle, and adipose tissue via distinct 
mechanisms. These may explain the glucose-lowering effect of BMP-9. Furthermore, some studies have shown that 
BMP-9 can lower blood glucose levels by regulating insulin secretion. The administration of recombinant BMP-9 to 
normal rats resulted in significantly lower plasma glucose levels and significantly increased insulin secretion.6 Thus, the 
role of BMP-9 in regulating glucose metabolism may be mediated by both IR improvement and insulin release 
stimulation.

In our study, serum BMP-9 is lower in the NAFLD group than in the healthy control group, and it is even lower in the 
T2DM+NAFLD group than in the NAFLD group alone. Previous studies have suggested that BMP-9 is associated with 
the development of NAFLD. Yang et al15 discovered that serum BMP-9 levels are significantly lower in NAFLD 
patients, and hepatic BMP-9 expression is lower in db/db mice compared to wild-type (WT) mice. In Yang’s study,15 

BMP-9-KO mice developed hepatic steatosis, which was accompanied by significantly reduced peroxisome proliferator- 
activated receptor α (PPARα) mRNA and protein expression in the liver. It has been reported that PPARα is highly 
expressed in the liver and promotes fatty acid oxidation. Decreased hepatic PPARα leads to reduced expression of fatty 
acid oxidation genes, which exacerbates TG accumulation and accelerates hepatic steatosis.16 However, BMP-9 may also 
play a compensatory role in the development of NAFLD. Breitkopf-Heinlein et al5 found that low levels of BMP-9 
promoted healing and regeneration of liver wounds in a mouse model of acute liver injury, while the absence or inhibition 
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of BMP-9 significantly improved fibrosis formation during chronic liver injury. This finding suggested that BMP-9 could 
be a promising NAFLD treatment target. Consequently, the lower levels of BMP-9 found in patients with T2DM 
+NAFLD may also represent a compensatory mechanism that promotes liver regeneration under stressful conditions. 
Further investigation is needed to intricate the effects of BMP-9 in the pathogenesis of NAFLD.

This study also found that BMP-9 levels were positively correlated with HDL-C and negatively correlated with BMI, 
TC, TG, and LDL-C, suggesting that BMP-9 is involved in the regulation of lipid metabolism. Animal studies have 
shown that up-regulation of BMP-9 levels reduces serum TC and TG levels in mice. Conversely, the down-regulation of 
BMP-9 levels in mice led to a remarkable increase in lipid levels, which further disrupted lipid metabolism.7 Similarly, 
human studies have found that BMP-9 is positively correlated with HDL-C and negatively correlated with the waist-to- 
hip ratio (WHR) and triglycerides in patients with MetS.9 All of the aforementioned investigations produced comparable 
outcomes to our own. Regarding the mechanism by which BMP-9 influences lipid metabolism, it has been demonstrated 
that BMP-9 can reduce body weight and prevent the development of obesity in obese animals, primarily by reducing 
intake, decreasing eating efficiency, shrinking the size of white adipocytes, and inducing browning of subcutaneous white 
adipose tissues.7 BMP-9 can also stimulate the proliferation of 3T3-L1 preadipocytes,6 which has a leptin-like effect.17 

Leptin has beneficial effects on the regulation of lipid metabolism, such as increasing energy expenditure and inhibiting 
lipid deposition.18 However, these findings have not been validated in humans, and additional research is necessary.

The study we conducted has some limitations. First, because this study was cross-sectional, it was impossible to 
determine a causal link between BMP-9 and T2DM paired with NAFLD. However, our findings still provide novel 
insights into the potential role of BMP-9 in the prevention and management of T2DM combined with NAFLD. Second, 
the sample size of this study was relatively small and it was limited to the Chinese population. Finally, HOMA-IR may 
not be the most accurate indicator of IR. More precise measurement methods, such as the hyperinsulinemic–euglycemic 
clamp test, can provide a more accurate assessment.

In summary, our findings imply that serum BMP-9 levels in T2DM patients with NAFLD are significantly lower than 
in people with only T2DM or NAFLD. BMP-9 is an independent risk factor for T2DM combined with NAFLD and is 
closely associated with IR. Further studies are required to determine the role of BMP-9 in glucose and lipid metabolism. 
BMP-9 is expected to be a new target for preventing and treating T2DM combined with NAFLD.
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