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ABSTRACT
Introduction  Isthmin-1 (Ism-1), as a novel adipokine, 
plays a role in glucose homeostasis and lipid metabolism. 
However, the relationship between Ism-1 and type 2 
diabetes mellitus (T2DM) remains unclear. This study aims 
to investigate the association of serum Ism-1 levels with 
albuminuria and insulin resistance in patients with T2DM 
and preserved renal function.
Research design and methods  A total of 150 patients 
with T2DM were recruited. The presence of albuminuria 
was evaluated by urinary albumin:creatinine ratio (UACR) 
in first morning urine sample. Serum Ism-1 levels were 
tested by ELISA. Homeostasis model assessments 
were used to evaluate insulin resistance. Binary logistic 
regression and multivariable linear regression analyses 
were used to assess the association of serum Ism-1 levels 
with albuminuria. Multivariable linear regression analyses 
were performed to explore the correlation of serum Ism-1 
levels with insulin resistance.
Results  Compared with the normal-albuminuria and 
microalbuminuria groups, serum Ism-1 levels were 
significantly higher in the macroalbuminuria group 
(p<0.01). Binary logistic regression analyses showed 
that serum Ism-1 was positively associated with odds of 
albuminuria even after multiple adjustments (OR=4.766, 
p=0.013). Serum Ism-1 was positively associated with 
log10-transformed UACR (β=0.625, p<0.001). However, 
the associations between serum Ism-1 levels and insulin 
resistance were not observed in patients with T2DM.
Conclusions  Serum Ism-1 levels were positively and 
independently correlated with the severity of albuminuria 
in patients with T2DM but not with insulin resistance.

INTRODUCTION
Type 2 diabetes mellitus (T2DM) is a chronic 
metabolic disorder characterized by hypergly-
cemia.1 Long-term hyperglycemia can lead to 
the development of microvascular complica-
tions, including diabetic nephropathy (DN), 
diabetic retinopathy, and peripheral sensory 
and autonomic neuropathy.2

DN is the most common cause of chronic 
kidney disease (CKD) and end-stage renal 
disease (ESRD) in China and worldwide.3 4 
DN generally begins with microalbuminuria, 

followed by macroalbuminuria, along with a 
progressive decrease in glomerular filtration 
rate.5 The most recognizable outcome of DN 
is ESRD, which requests renal replacement 
therapy in the form of dialysis or transplan-
tation. This undoubtedly poses a substantial 
social and economic burden. Microalbumin-
uria is an indicator of early renal injury in 
patients with diabetes and associated with 
the risk of cardiovascular disease and CKD 
progression.6 Therefore, early detection is 
essential in preventing the development of 
DN.

Diabetes is a chronic disease character-
ized by insulin resistance and pancreatic 
islet failure. Growing evidence has proved 
that adipokines play important roles in the 
pathogenesis of diabetes and its complica-
tions, including DN. For instance, serum 
neuregulin-4 levels were positively related to 
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fasting glucose and microvascular complications,7 8 and 
serum omentin levels were negatively associated with 
insulin resistance.9 Urinary kidney injury molecule-1 
(uKIM-1) levels were significantly higher in patients with 
albuminuria or declined estimated glomerular filtra-
tion rate (eGFR) compared with patients with diabets 
with no evidence of DN.10 uKIM-1 reached its highest 
level in CKD stage 2 and showed a gradual decrease in 
patients with CKD stages 3 and 4.10 On the one hand, 
adipokines can keep glucose homeostasis through regu-
lating glucose uptake and glucose production; on the 
other hand, adipokines play an important role in the 
prevalence and development of diabetes complications 
through inducing or inhibiting inflammation, oxidative 
stress, apoptosis and other mechanisms. For example, 
adiponectin, as the most abundant adipokine, extenu-
ates insulin resistance and inflammation in diabetes. In 
patients with DN, elevated serum adiponectin concen-
tration was observed.11 Moreover, in cultured podocytes, 
adiponectin reduced podocyte permeability to albumin, 
likely acting through the AMPK (AMP-activated protein 
kinase) pathway.12

Isthmin-1 (Ism-1) is a novel identified adipokine which 
exists in brain, lung, immune cells, and adipocytes of 
adult mice.13 14 Previous studies backed up its critical role 
in embryo development, organ morphogenesis, angio-
genesis, and aging process.15–18 Recent studies indicated 
that Ism-1 had manifold beneficial metabolic effects, 
including promoting glucose uptake, improving insulin 
resistance, and inhibiting hepatic steatosis.14 Overexpres-
sion of Ism-1 by transducing viral vectors in diet-induced 
obese (DIO) mice could increase insulin sensitivity, 
inhibit endogenous hepatic glucose production, and 
reduce liver fat. In addition, injection with recombinant 
Ism-1 (5 mg/kg for 21 days) showed a significant lower 
fasting blood glucose (FBG) and improved glucose toler-
ance in this study. However, the relationships between 
Ism-1 with DN and insulin resistance were still unclear in 
patients with T2DM. Therefore, the present study aimed 
to investigate the association of serum Ism-1 levels with 
insulin resistance and early stage of DN (defined by the 
presence of albuminuria with preserved renal function) 
in patients with T2DM.

METHODS
Subjects
A total of 150 patients with T2DM were recruited from 
Qilu Hospital of Shandong University from October 2020 
to December 2021. Diabetes was diagnosed based on the 
2006 WHO criteria.19 To explore the association of Ism-1 
with albuminuria and avoid the effect of decreased renal 
function, we excluded patients with an eGFR of <60 mL/
min/1.73 m2. Besides, as we did not measure islet autoan-
tibodies, to ensure the diagnosis of T2DM, we excluded 
patients with age less than 40 years and fasting C-peptide 
of <0.3 ng/mL. We also excluded patients with FBG of 
≥8.0 mmol/L to ensure the accuracy of insulin resistance 

measures in the 75 g oral glucose tolerance test (OGTT). 
Other exclusion criteria and research flowchart are 
shown in online supplemental file 1.

Clinical data collection
Demographics, clinical parameters, and medical history 
were collected through the electronic medical record 
of Qilu Hospital, including age, gender, diabetes dura-
tion, weight, height, waist circumference, blood pressure 
(BP), hypertension, history of smoking, history of alcohol 
consumption, hemoglobin A1c (HbA1c), serum albumin, 
low-density lipoprotein cholesterol (LDL-C), high-density 
lipoprotein cholesterol (HDL-C), total cholesterol (TC), 
triglyceride (TG), creatinine, and urinary albumin:creat-
inine ratio (UACR). UACR were tested by first morning 
urine sample. The amount of alcoholic beverage 
consumed was converted to the average grams of ethanol 
intake per day. History of alcohol consumption was 
defined as having drunk more than 28.0 g/day ethanol 
for men (14.0 g/day for women) at least 1 year, current 
or former.20 History of smoking was defined as having 
smoked more than one cigarette every day for a year, 
current or former. Hypertension refers to present hyper-
tension with or without medical treatment before enroll-
ment. Body mass index (BMI) (kg/m2) was calculated as 
weight (kg) divided by height squared (m2). eGFR was 
calculated using the Chronic Kidney Disease Epidemi-
ology Collaboration equation.21 All patients underwent 
75 g OGTT. After at least a 10-hour fast, serum glucose 
and C-peptide concentrations were obtained at 0, 60,120, 
and 180 min during OGTT. At the start of OGTT, fasting 
blood sera were collected in duplicate. One aliquot was 
stored frozen at −80°C until analysis of Ism-1. Another 
aliquot was used for the test of glucose and C-peptide. To 
exclude the confusion of exogenous of insulin, insulin 
resistance (HOMA2-IR, the update Homeostasis Model 
Assessment of insulin resistance), and insulin sensitive 
(HOMA2-%S, homeostasis Model Assessment insulin 
sensitivity) were estimated by the computerized homeo-
stasis model assessment of C-peptide downloaded online 
(https://www.dtu.ox.ac.uk/homacalculator/download.​
php) to objectively reflect insulin resistance and insulin 
sensitivity.22 23 Serum Ism-1 levels were quantified using 
ELISA kits (MBS2707255; MyBiosource, Southern Cali-
fornia, San Diego, USA).

Definition and grouping
Albuminuria was defined as UACR of ≥30 mg/g in the 
present study. Microalbuminuria was defined as UACR 
ranging from 30 mg/g to 300 mg/g, and macroalbumin-
uria was defined as UACR of ≥300 mg/g. All participants 
were stratified into the normal-albuminuria group, the 
microalbuminuria group and the macroalbuminuria 
group.

Statistical analysis
All analyses were performed with SPSS V.25.0 software. 
The data were graphed using GraphPad Prism V.8.3. 
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Kolmogorov-Smirnow test was used for normality anal-
ysis. Homogeneity of variance was estimated with the F 
test. Continuous variables are expressed as mean±SD or 
median (IQR). The categorical variables are presented 
as percentages. The statistical significance of differ-
ences between groups was evaluated by one-way analysis 
of variance and LSD (least significant difference) post 
hoc test for continuous variables with normal distribu-
tion, Kruskal-Wallis Test for continuous data with skewed 
distribution and Pearson χ2 test for categorical variables. 
Binary logistic regression and multivariable linear regres-
sion analyses were used to assess the association of serum 
Ism-1 levels with UACR in different models. In the multi-
variable linear regression analyses, UACRs were trans-
formed to log10 expression data for reducing skewness. 
Multivariable linear regression analyses were performed 
to explore the correlation of serum Ism-1 levels with IR. 
Only p<0.05 were considered as significant.

RESULTS
Serum Ism-1 levels were different in patients with or without 
macroalbuminuria
Based on UACR, all participants were divided into the 
normal-albuminuria group (n=90), the microalbumin-
uria group (n=42), and the macroalbuminuria group 
(n=18, table 1). Compared with the normal-albuminuria 
group, the microalbuminuria and macroalbuminuria 
groups had a greater incidence of hypertension and 
higher usage of ACE inhibitor (ACEI) or angiotensin II 
antagonist (ARB) treatment. In addition, the macroal-
buminuria group had a lower eGFR and serum albumin 
than the normal albuminuria or the microalbuminuria 
group. HbA1c is higher in the microalbuminuria group 
compared with the normal albuminuria group but not 
significantly different in the macroalbuminuria group. 
The macroalbuminuria group had the highest serum 
Ism-1 levels (figure  1), but no difference was observed 
between the normal-albuminuria group and the microal-
buminuria group (p>0.05).

Association of serum Ism-1 levels with albuminuria in 
patients with T2DM
To investigate whether serum Ism-1 levels were inde-
pendently associated with the prevalence of albuminuria, 
we performed a series of binary logistic regression anal-
yses (table  2) and multivariable linear regression anal-
yses (table 3 and figure 2). BMI, LDL-C, TG, and serum 
albumin were included into the models because Ism-1 has 
been proved to suppress lipogenesis and increase protein 
synthesis and was positively related to BMI.14 Considering 
hypertension is a known risk factor of albuminuria,24 25 
SBP was included in model 3. To minimize the influ-
ence of eGFR on the elimination of Ism-1, we excluded 
patients with eGFR less than 60 mL/min/1.73 m2 and 
included eGFR in models. The results of binary logistic 
regression analyses and multivariable linear regression 
analyses showed that serum Ism-1 levels were positively 

associated with the severity of albuminuria in patients 
with T2DM. After adjusting for age, gender, BMI, dura-
tion of T2DM, HbA1c, fasting C-peptide, hypertension, 
LDL-C, TG, albumin, eGFR, and ACEI or ARB treatment, 
increased serum Ism-1 levels were still significantly associ-
ated with the severity of albuminuria.

Association of serum Ism-1 levels with insulin resistance in 
patients with T2DM
Recent research indicated that Ism-1 might promote 
glucose uptake and improve insulin resistance in vitro.14 
However, the relationships of Ism-1 with insulin resistance 
in patients with T2DM were still unclear. We conducted 
a series of multivariable linear analyses to explore the 
relationship between Ism-1 and insulin resistance. The 
analysis was adjusted for several covariates, including age, 
gender, diabetes duration, BMI, hypertension, LDL-C, 
TG, serum albumin, eGFR, and ACEI or ARB treatment. 
Results were presented in online supplemental file 2. 
Unfortunately, no correlations were observed between 
serum Ism-1 levels and insulin resistance, including 
fasting C-peptide (p=0.841), HOMA2-IR (p=0.663), and 
HOMA2-%S (p=0.481).

DISCUSSION
The results of the current study showed that serum 
Ism-1 levels were correlated with albuminuria in patients 
with T2DM, even after adjusting for various risk factors. 
However, no relationships were observed between serum 
Ism-1 levels and insulin resistance, which were assessed 
by 75 g OGTT.

T2DM is a multisystem disease that has reached epidemic 
proportions, and chronic hyperglycemia eventually leads 
to the occurrence and progression of DN. There is strong 
evidence to suggest that adipokines are involved in the 
onset and development of DN. Adiponectin and leptin 
are two of the most abundant adipokines. In recent 
years, many studies highlight the effect of adiponectin 
on diabetic kidney injury. Serum adiponectin concentra-
tions had a significant positive correlation with UACR.26 
Saraheimo et al have identified that serum adiponectin 
levels, as a risk factor, were associated with progression 
from macroalbuminuria to ESRD by Cox regression anal-
ysis.27 In animal experiments, increased albuminuria was 
observed in adiponectin–knockout miceHowever, after 
treatment with adiponectin, normalization of albumin-
uria was observed.28 Later studies proved that adiponectin 
receptor agonists could reduce lipotoxicity and oxidative 
stress through AMPK/PPARa pathway in human glomer-
ular endothelial cells and murine podocytes.12 29 Both 
low and high serum leptin levels were risk factors for 
kidney function decline. Meanwhile, lower serum leptin 
levels were associated with progression of albuminuria in 
patients with T2DM.30 In summary, previous studies indi-
cate that adipokines are involved in the development of 
DN and could be a means of therapeutic intervention.

https://dx.doi.org/10.1136/bmjdrc-2022-002972
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Ism-1 is a 60 kDa secreted adipokine, characterized 
by a ‘thrombospondin type 1 repeat’ domain and an 
‘adhesion-associated domain in MUC4 and other proteins’ 
domain. The relationship between Ism-1 and albumin-
uria in patients with T2DM has not been reported. In the 
present study, all participants were defined by evidence 
of albuminuria with eGFR of ≥60 mL/min/1.73 m2 (CKD 
stages 1 and 2). Therefore, we focused on the changes 
of serum Ism-1 levels in patients with albuminuria and 
refrained the effect of decreased renal excretion on the 
levels of circulating Ism-1. Our findings showed that 
Ism-1 was positively associated with the severity of albu-
minuria, even after adjusting several risk factors. Patients 

with higher serum Ism-1 levels were prone to have more 
severe albuminuria. More in-depth studies are urgently 
needed to validate the role of Ism-1 on the pathogenesis 
of albuminuria.

Ism-1, as an angiogenesis inhibitor, induced vascular 
permeability through the low- affinity receptor avβ5 inte-
grin and high-affinity glucose-regulated protein 78 kDa 
(GRP78).31 32 To note, Venugopal et al found that mice 
under different dose injections of Ism-1 showed signifi-
cantly increased lung vascular permeability in a dose-
dependent manner, while no significance increase was 
observed in the kidney.33 Therefore, we can only assume 
that Ism-1 has a negative or compensatory role in the 

Table 1  Demographic and biochemical parameters of the study population in different albuminuria groups

Normal-albuminuria Microalbuminuria Macroalbuminuria

n 90 42 18

Age (years) 60.00 (55.00–67.25) 62.00 (55.75–69.00) 61.50 (51.50–72.25)

Male, n (%) 55 (61.11) 25 (59.52) 11 (61.11)

BMI (kg/m2) 25.45±3.19 26.27±3.24 27.01±5.55

History of alcohol consumption, n (%) 37 (41.11) 16 (38.10) 10 (55.56)

History of smoking, n (%) 35 (38.89) 16 (38.10) 8 (44.44)

Hypertension, n (%) 39 (43.33) 28 (66.67)* 15 (83.33)*

Diabetes duration (months) 138.00 (96.00–240.00) 138.00 (46.50–240.00) 210.00 (78.00–315.00)

SBP (mm Hg) 134.30±18.51 142.88±21.69* 141.67±24.20

DBP (mm Hg) 73.00 (66.75–83.25) 81.50 (70.75–90.25)* 76.50 (66.25–83.00)

TC (mmol/L) 4.20±1.07 4.26±1.08 3.83±0.92

LDL-C (mmol/L) 2.33±0.79 2.50±0.82 2.16±0.68

HDL-C (mmol/L) 1.10 (0.93–1.32) 1.08 (0.91–1.23) 0.98 (0.89–1.19)

TG (mmol/L) 1.16 (0.83–1.55) 1.40 (0.87–1.90) 1.11 (0.96–1.88)

Serum albumin (g/L) 43.27±3.26 43.12±3.30 38.79±3.93*†

eGFR (mL/min/1.73m2) 98.46 (89.87–104.25) 96.53 (91.79–104.93) 89.32 (79.92–95.37)*†

HbA1c (%) 7.1 (6.4–7.9) 8.2 (6.8–9.7)* 7.6 (6.9–10.2)

FBG (mmol/L) 6.35±1.00 6.35±1.08 6.22±0.88

 � 1-hour glucose 13.75±2.88 13.48±3.23 13.13±3.72

 � 2-hour glucose 16.22±3.97 16.02±4.09 15.52±4.18

 � 3-hour glucose 14.14±4.46 15.05±3.70 15.37±4.21

Fasting C-peptide (ng/mL) 1.06 (0.69–1.56) 0.96 (0.54–1.68) 0.90 (0.64–1.60)

 � 1-hour C-peptide 2.20 (1.53–3.32) 2.29 (1.20–3.19) 2.27 (1.19–3.60)

 � 2-hour C-peptide 3.72 (2.57–5.39) 3.54 (2.21–4.86) 2.92 (1.98–5.10)

 � 3-hour C-peptide 3.85 (2.76–5.10) 3.23 (2.11–5.21) 3.09 (2.05–5.07)

HOMA2-IR 0.95 (0.70–1.25) 1.18 (0.73–1.67) 0.76 (0.66–1.86)

HOMA2-%S 108.80±40.88 99.04±47.18 111.69±54.12

ACEI or ARB treatment, n (%) 24 (26.67) 20 (47.62)* 9 (50.00)*

Insulin treatment, n (%) 34 (37.78) 21 (50.00) 9 (50.00)

The data are expressed as the means±SD or median (IQR).
*P<0.05 compared with normal-albuminuria group.
†P<0.05 between microalbuminuria and macroalbuminuria groups.
ACEI, ACE inhibitor; ARB, angiotensin II antagonist; BMI, body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular 
filtration rate; FBG, fasting blood glucose; HbA1c, hemoglobin A1c; HDL-C, high-density lipoprotein cholesterol; Ism-1, isthmin-1; LDL-C, 
low-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride.
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progression of albuminuria through a currently unknown 
mechanism rather than increasing vascular permeability 
in kidney. Inflammatory burden has been recognized as 
the main player in the prevalence and progression of 
DN, which is activated by the metabolic, biochemical, 
and hemodynamic disorders existing in diabetes.34 Many 
serum inflammatory markers are elevated in patients with 
DN, such as C reactive protein:serum albumin ratio,35 
mean platelet volume:lymphocyte ratio,36 and mono-
cyte:lymphocyte ratio37 in hemogram. Adipose tissue and 
adipokines were no longer considered to only devote to 
energy storage but a regulator of immunity, inflamma-
tion, glucose homeostasis, and lipid metabolism.38 We 
can only propose a hypothesis that Ism-1 may be involved 
in the progression of albuminuria through inflamma-
tion, apoptosis, or lipotoxicity.

Recent research demonstrated that Ism-1 could increase 
glucose uptake by inducing GLUT4 translocation to the 
plasma membrane in human and mouse adipocytes. 
Ism1-KO mice presented impaired glucose uptake and 
impaired insulin sensitivity, especially in brown adipose 
tissue and skeletal muscle. Moreover, recombinant Ism-1 
has a preventive and therapeutic effect on improving 
insulin resistance and hepatic steatosis in DIO mice.14 
In summary, previous studies suggested that Ism-1 was 
correlated with insulin resistance.

In the present study, all subjects underwent 75 g 
OGTT. To avoid the basal high-glucose interfering with 
the β-cell response, patients with FBG of ≥8.0 mmol/L 
were excluded. To avoid the disturbance of insulin medi-
cation, insulin resistance was estimated by the computer-
ized homeostasis model depending on C-peptide kinetics. 
Nevertheless, our study showed that no relationship was 
observed between Ism-1 and insulin resistance in patients 
with T2DM. Large-sample studies need to further verify 
our findings.

Strengths of our study are the fact that we identified 
that serum Ism-1 levels were positively associated with the 
severity of albuminuria in patients with T2DM for the 

Figure 1  Comparison of the levels of serum Ism-1 in 
different albuminuria groups. Data are represented as 
mean±SEM. *P<0.05, **P<0.01, ***P<0.001. Ism-1, isthmin-1.

Table 2  Binary logistic regression analyses of the 
relationship between Ism-1 and albuminuria

OR (95% CI) P value

Model 1 3.570 (1.412 to 9.025) 0.007

Model 2 5.534 (1.796 to 17.049) 0.003

Model 3 4.766 (1.398 to 16.251) 0.013

Model 1: unadjusted.
Model 2: adjusted for age, gender, BMI, duration of T2DM, HbA1c, 
and fasting C-peptide.
Model 3: adjusted for age, gender, BMI, duration of T2DM, HbA1c, 
fasting C-peptide, systolic blood pressure, low-density lipoprotein 
cholesterol, triglyceride, albumin, estimated glomerular filtration 
rate and ACE inhibitor or angiotensin II antagonist treatment.
BMI, body mass index; HbA1c, hemoglobin A1c; Ism-1, isthmin-1; 
SBP, systolic blood pressure; T2DM, type 2 diabetes mellitus.

Table 3  Multivariable linear regression analyses of the 
relationship between isthmin-1 and log10-transformed 
urinary albumin:creatinine ratio

β coefficients (95% CI) P value

Model 1 0.625 (0.316 to 0.933) <0.001

Model 2 0.683 (0.375 to 0.991) <0.001

Model 3 0.531 (0.214 to 0.847) <0.01

Model 1: unadjusted.
Model 2: adjusted for age, gender, BMI, duration of T2DM, HbA1c, 
and fasting C-peptide.
Model 3: adjusted for age, gender, BMI, duration of T2DM, HbA1c, 
fasting C-peptide, systolic blood pressure, low-density lipoprotein 
cholesterol, triglyceride, albumin, estimated glomerular filtration 
rate and ACE inhibitor or angiotensin II antagonist treatment.
BMI, body mass index; HbA1c, hemoglobin A1c; T2DM, type 2 
diabetes mellitus.

Figure 2  Simple linear regression of serum Ism-1 levels and 
log10-transformed UACR. Ism-1, isthmin-1; UACR, urinary 
albumin:creatinine ratio.
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first time. However, there were several limitations of our 
study: first, as a cross-sectional study without follow-up, 
whether serum Ism-1 level changes as the aggravation of 
DN remains unclear. Second, the relationship of Ism-1 
with DN in patients with T2DM needs further study, 
including patients with impaired renal function. Third, 
we only tested fasting serum Ism-1 levels rather than 
repeated simultaneous Ism-1 during OGTT. The conclu-
sion that Ism-1 has no relation with insulin resistance 
needs more validation.

In conclusion, the results of our study showed that 
serum Ism-1 levels were significantly higher in patients 
with T2DM with albuminuria and associated with the 
value of UACR in patients with T2DM and preserved 
renal function. However, whether and how Ism-1 partic-
ipates in the pathogenesis of albuminuria needs more 
in-depth studies.
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