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Abstract 

Background  Isthmin-1 (ISM1) plays an important role in maintaining glucose homeostasis and lipid metabolism. 
However, the relationship between circulating ISM1 and hypertension remains unclear. This study was aimed to inves-
tigate the association between serum ISM1 levels and blood pressure and evaluate value of circulating ISM1 for pre-
dicting abnormal Na+ excretion and insulin resistance.

Methods  Four hundred sixty-eight individuals newly diagnosed with primary hypertension and 582 healthy individ-
uals were initially screened. 84 participants were eligible for this case–control study. Serum ISM1 levels were assessed 
using ELISA. Spearman correlation analysis and partial correlation analysis were conducted to confirm the correla-
tion. Multiple linear regression analysis was used to assess the independent association of serum ISM1 concentra-
tion with blood pressure. The receiver operating characteristic (ROC) curve was employed to evaluate the sensitivity 
of ISM1 in predicting abnormal Na+ excretion and insulin resistance in hypertensive subjects.

Results  The serum ISM1 levels of hypertensive individuals were higher than that of healthy individuals. ISM1 levels 
were positively associated with systolic blood pressure (SBP), diastolic blood pressure (DBP) and brachial-ankle pulse 
wave velocity, but negatively associated with nocturnal urine Na+ concentration and excretion. These associations 
remained significant even after adjusting for age, body mass index, sex, heart rate, glucose, total cholesterol and esti-
mated glomerular filtration rate. Multiple linear regression analysis revealed that SBP was an independent factor 
associated with serum ISM1 levels. The area under receiver operating characteristic curve (AUROC) for predicting low 
urine Na+ excretion and insulin resistance were 0.873 and 0.740, respectively.

Conclusions  Serum ISM1 levels were positively associated with SBP and DBP. ISM1 may serve as a potential bio-
marker of abnormal urine Na+ excretion and insulin resistance in primary hypertensive individuals.

Trial registration  Registered on chictr.org.cn 18/04/2024 (Registration number: ChiCTR2400083204).
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Introduction
Hypertension is a prevalent metabolic disorder world-
wide [1]. The number of hypertensive subjects aged 
30–79 years doubled from 1990 to 2019, and most of the 
increase occurred in low- and middle-income regions [2]. 
In China, hypertension prevalence has notably risen over 
the past three decades, affecting approximately a quarter 
of Chinese adults [3]. Uncontrolled systolic blood pres-
sure alone contributes to over 10 million annual deaths 
[4].

Insulin resistance and abnormal lipid metabolism pose 
increased risks for individuals with hypertension [5, 6]. 
Adipose tissue produces adipokines, which include mul-
tifunctional proteins recently implicated in hyperten-
sion, diabetes and metabolic disease [7–11]. Isthmin, a 
progenitor of a novel family of secreted proteins found in 
Xenopus embryos, exhibits robust maternal expression 
during embryonic development [12]. Isthmin-1 (ISM1) 
belongs to isthmin gene family that contains ISM1 and 
ISM2. ISM1 is widely distributed in different organs and 
involved in metabolism diseases, while ISM2 is mainly 
expressed in the placenta [13]. Significantly, ISM1 is con-
sidered as an adipokine that plays dual roles in increasing 
adipocyte glucose uptakes in adipocytes and suppressing 
hepatic lipid synthesis [14]. Besides, clinical trials have 
linked serum ISM1 levels to physiological or pathological 
conditions such as gestational diabetes mellitus, diabetic 
nephropathy, obesity and angiogenesis [15–17], indicat-
ing its possible role in metabolic diseases. However, the 
role of ISM1 in hypertension remains unclear; especially, 
population-based evidence on the relationship between 
serum ISM1 levels and blood pressure are still lacking.

A few studies have reported that serum ISM1 is corre-
lated with some indicators such as high-density lipopro-
tein cholesterol (HDL-C) [18] and albuminuria [19] in 
patients with type 2 diabetes mellitus (T2DM). Moreo-
ver, serum isthmin-1 is a potential biomarker for meta-
bolic dysfunction associated fatty liver disease in patients 
with metabolic syndrome and T2DM [20]. Hypertension 
is also recognized as a metabolic disease [21] and asso-
ciated with several adipokines [8, 10, 11]. Therefore, we 
hypothesized that serum ISM1 may be associated with 
insulin resistance and blood pressure in primary hyper-
tensive individuals. This current study aimed to investi-
gate serum ISM1 levels and evaluate its potential utility 
in predicting abnormal renal Na+ excretion and insulin 
resistance in hypertensive subjects.

Material and methods
Study design and data collection
This case–control study was approved by Ethics Commit-
tee of The Third Affiliated Hospital of Chongqing Medical 

University and registered in the Chinese Clinical Trial 
Registry (Registration number: ChiCTR2400083204, 
18/04/2024). Written informed consents were obtained 
from all participants. The study recruited participants 
who were newly diagnosed with hypertension accord-
ing to the 2018 Chinese Guidelines for Prevention and 
Treatment of Hypertension, defined as systolic blood 
pressure (SBP) ≥ 140 mmHg and/or diastolic blood pres-
sure (DBP) ≥ 90 mmHg measured in the hospital exami-
nation room [22]. Blood pressure was measured three 
times on separate occasions. Eligible participants were 
aged 18–80 years. A total of 468 individuals with newly 
diagnosed essential hypertension and 582 control sub-
jects were initially screened. Exclusion criteria included 
diabetes mellitus, secondary hypertension, chronic kid-
ney disease, asthma, chronic obstructive pulmonary dis-
ease, acute infectious diseases, cancer, and conditions 
requiring long-term medication. Based on these criteria, 
38 individuals with newly diagnosed essential hyperten-
sion and 46 control subjects with normal blood pressure 
were enrolled (Fig. 1). It should be noted that our current 
study was a non-matched case–control study. All partici-
pants were of Han nationality.

Measurements of serum ISM1
Serum ISM1 levels were determined by an ELISA kit 
(Biomatik, Delaware, USA), following the manufacturer’s 
protocol. The concentration detection range of human 
ISM1 was 0.156–10  ng/mL, and intra-assay and inter-
assay coefficients of variability (CV) (%) were less than 
10% and 12%, respectively. The samples were diluted 
according to the manual and pre-test.

Measurement of Na+ in urine and other indicators
Before taking the urine samples, 10 hypertensive patients 
and 11 healthy age-matched subjects adhered to a diet 
aimed at 5  g salt (NaCl/24  h) [23] intake for 7  days. To 
assess nocturnal urinary sodium excretion, sodium con-
centrations was determined in a sample from a single 
nocturnal urine collection. Urine samples were stored 
at − 80  °C. The serum insulin levels were assayed using 
an ELISA kit (Nanjing Jiancheng Bioengineering Insti-
tute, Nanjing, China). The detection range of insulin 
was 1–300 mIU/L, and intra-assay and inter-assay CVs 
were less than 10% and 12%, respectively. The concen-
tration of urine Na+ as measured by a sodium test kit 
(Nanjing Jiancheng Bioengineering Institute, Nanjing, 
China). Total nocturnal sodium excretion was taken as 
the sodium concentration × nocturnal urine volume. The 
detection ranges of Na+ were 70–210 mmol/L. The intra-
assay CVs were 1.5%, while the inter-assay CVs were less 
than 5.0%.
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Clinical data collection
Blood samples for biochemical determination were 
obtained in the morning from each subject, after a mini-
mum of 8  h fasting. Serum aliquots were stored frozen 
at − 80 °C until analysis. The characteristics of all subjects 
were collected using the computerized patient record 
system of The Third Affiliated Hospital of Chongqing 
Medical University. Body mass index (BMI) was calcu-
lated as the weight (kg) divided by the squared height 
(m2). Triglyceride-glucose index (TyG index) was calcu-
lated as = Ln [triglyceride (mg/dl) × glucose (mg/dl)/2] 
[24]. Insulin resistance was defined by a HOMA-IR index 
according to the previous studies (≥ 2.54) [25]. Homeo-
stasis Model of Insulin Resistance (HOMA-IR) was 
calculated as fasting insulin (μU/mL) × fasting glucose 
(mmol/L)/22.5 [26]. The degree of peripheral arterial 
arteriosclerosis was estimated by using peripheral arterial 
hemodynamics BP-203RPE (OMRON, Dalian, China).

Calculation of sample size
There was no report on serum ISM1 in hypertension. 
T2DM (n = 17) and normal glucose-tolerant subjects 
(n = 15) were investigated in a previous study [27]. The 
Plasma IL-6 levels were 2.1 ± 0.4  pg/mL in the type 
2 diabetes mellitus patients and 1.7 ± 0.4  pg/mL in 
the normal glucose-tolerant group. The ratio of case 
to control was set at 1.13 (17/15). The power was set 

at 0.9 and α at 0.05, calculated using PASS software 
15.0. Thus, 21 and 24 participants should be recruited 
in hypertension and healthy individuals, respectively. 
Considering a 20% loss of study subjects, at least 26 
hypertensive participants and 29 healthy controls had 
to be recruited.

Statistical analysis
All analyses were performed with SPSS version V.26.0 
(SPSS, Chicago, USA). Graphs were constructed using 
the GraphPad Prism software. Data with normal distri-
bution were expressed as mean ± SD, and data that were 
not normally distributed were expressed as median 
(interquartile range). Normal distribution of the data 
was tested by Shapiro–Wilk test. The t test was used to 
compare two independent normally distributed sam-
ples. Continuous variables with skewed distribution 
compared using the Mann–Whitney test. By control-
ling co-variables, Spearman correlation analysis and 
partial correlation analysis were used to evaluate the 
correlation between ISM1 and each variable. Multiple 
linear regression was used to determine the variables 
that were independently correlated with ISM1. ROC 
was used to evaluate the sensitivity of ISM1 in predict-
ing abnormal urine Na+ excretion and insulin resist-
ance. A value of P < 0.05 was considered statistically 
significant.

Fig. 1  Flow diagram of participants in the study
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Results
Characteristics of subjects
The demographic, anthropometric, and metabolic 
parameters of 38 hypertensive participants and 46 
healthy controls are summarized in Table  1. The con-
trol and hypertensive groups had similar distributions 
in sex, age, heart rate, height, total cholesterol, total 
bilirubin, urea, creatinine, estimated glomerular filtra-
tion rate (eGFR), platelet count, and lymphocyte count. 

However, HDL-C, nocturnal urine Na+ concentration, 
and nocturnal urine Na+ excretion were higher in the 
control group, while SBP, DBP, weight, BMI, brachial 
ankle pulse wave velocity, glucose, triglyceride, low-
density lipoprotein cholesterol, TyG index, insulin, and 
homeostasis model assessment for insulin resistance 
(HOMA-IR) were significantly higher in the hyperten-
sive group.

Table 1  Clinical features and serum ISM1 levels in healthy- and hypertensive subjects

Data are expressed as mean ± SD, median (interquartile range)

SBP Systolic blood pressure, DBP Diastolic blood pressure, HR Heart rate, BMI Body mass index, baPWV Brachial-ankle pulse wave velocity, TG  Triglyceride, TC Total 
cholesterol, HDL-C High-density lipoprotein cholesterol, LDL-C Low-density lipoprotein cholesterol, UA Uric acid, ALT Alanine aminotransferase, AST Aspartate 
transaminase, TBil Total bilirubin, WBC White blood count, RBC Red blood count, PLT Platelet, Neu Neutrophil count, Lym Lymphocyte count, Mon Monocyte count, TyG 
Index, triglyceride-glucose index, HOMA-IR Homeostatic Model Assessment of Insulin Resistance, ISM1 isthmin-1. *P < 0.05, **P < 0.01 vs. controls

Feature Healthy Subjects Hypertensive Subjects P value

Male/ Female 23/23 24/14 0.227

Age (years) 51.5 (46.75–55) 53.5 (45.25–60.5) 0.336

HR (bpm) 81.33 ± 10.696 82.34 ± 13.107 0.697

Height (cm) 161.076 ± 9.124 164.292 ± 9.030 0.116

Weight (kg) 60.5 (53.65–66.6) 68.65 (62.575–80) 0.000**

BMI (kg/m2) 23.481 ± 2.578 26.078 ± 2.888 0.000**

SBP (mmHg) 120.5 (113.75–129) 153 (148.75–161.25) 0.000**

DBP (mmHg) 69 (63.75–73.25) 94.5 (84–100) 0.000**

baPWV right (cm/s) 1326 (1234.25–1471.75) 1742 (1514.5–2033) 0.000**

baPWV left (cm/s) 1355 (1234–1488.25) 1699 (1480.5–2059) 0.000**

Glucose (mmol/L) 4.97 (4.538–5.443) 5.195 (4.81–5.678) 0.04*

TG (mmol/L) 1.13 (0.88–1.79) 1.625 (1.225–3.05) 0.001**

TC (mmol/L) 4.98 (4.42–5.533) 5.365 (4.64–5.705) 0.285

HDL-C (mmol/L) 1.34 (1.15–1.55) 1.16 (1.08–1.338) 0.025*

LDL-C (mmol/L) 2.97 (2.575–3.50) 3.385 (2.875–3.81) 0.043*

UA (μmol/L) 331.63 ± 80.613 412.32 ± 88.177 0.000**

ALT (U/L) 20 (14.5–30.25) 30.5 (17.75–51) 0.02*

AST (U/L) 20 (17–26) 25 (20.5–34) 0.007**

Albumin (g/L) 44.350 ± 3.277 46.258 ± 2.505 0.004**

TBil (μmol/L) 12.1 (9.475–17.175) 13.65 (10.425–16.7) 0.297

Urea (mmol/L) 4.939 ± 1.282 5.255 ± 1.012 0.220

Creatinine (μmoI/L) 64.04 ± 14.308 68.53 ± 14.821 0.163

eGFR (ml/min/1.73m2) 109.593 ± 20.333 103.347 ± 17.582 0.140

WBC (109/L) 5.455 (4.348–6.9) 6.385 (5.593–7.043) 0.011*

RBC (1012/L) 4.793 ± 0.523 5.050 ± 0.433 0.018*

PLT (109/L) 222.5 (163.75–249.25) 219 (184.25–244.75) 0.822

Neu (109/L) 2.925 (2.185–3.938) 3.745 (3.24–4.478) 0.003**

Lym (109/L) 1.865 (1.58–2.383) 2.115 (1.59–2.543) 0.483

Mon (109/L) 0.34 (0.25–0.413) 0.405 (0.325–0.43) 0.05*

TyG Index 4.547 (4.427–4.797) 4.796 (4.599–5.186) 0.000**

Insulin (mIU/L) 11.509 (9.748–15.134) 19.442 (15.248–32.605) 0.000**

HOMA-IR 2.665 (2.033–3.297) 4.729 (3.280–7.411) 0.000**

Nocturnal urine Na+ concentration (mmol/L) 210.791 (194.033–242.009) 139.703 (131.893–146.525) 0.000**

Nocturnal urine Na+ excretion (mmol/8 h) 76.958 (64.959–97.127) 60.072 (50.119–65.936) 0.004**
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Circulating concentrations of ISM1 and blood pressure
Elevated serum ISM1 levels were observed in hyper-
tensive participants compared to healthy volunteers 
(Fig.  2). Furthermore, we noticed that ISM1 serum 
levels were positively correlated with SBP (rs = 0.748, 
P < 0.01) and DBP (rs = 0.568, P < 0.01), even age, BMI, 
sex, heart rate, glucose, total cholesterol and eGFR 
were adjusted (Table 2).

Circulating ISM1 and clinical characteristics
We conducted Spearman correlation analysis to assess 
the relationships between ISM1 and various param-
eters listed in Table 2. Our findings demonstrated posi-
tive correlations between circulating ISM1 levels and 
BMI, glucose,  uric acid, albumin, insulin, HOMA-IR, 
TyG index, triglyceride and red blood count. Signifi-
cant positive correlations were also observed between 
serum ISM1 levels and both SBP and DBP (Fig. 3A and 
B). Since sodium homeostasis plays a crucial role in 
long-term blood pressure regulation [28], we explored 
the association between ISM1 serum levels and noctur-
nal urine Na+ concentration and excretion, revealing a 
negative correlation (Fig. 3C and D). Furthermore, our 
investigation revealed a positive correlation between 
ISM1 levels and brachial-ankle pulse wave veloc-
ity (baPWV) (Fig.  3E and F), an indicator of arterial 
stiffness and endothelial dysfunction, implicating its 
involvement in blood pressure regulation.

Clinical parameters independently associated 
with circulating ISM1
During univariate analysis, confounding factors were 
not considered, potentially impacting the correlation 
between ISM1 and other variables. Specifically, mul-
tiple linear regression analysis revealed that SBP was 
independently associated with circulating serum ISM1 
levels. The multiple regression equation derived from 
this association is as follows: YISM1 = -2.811 + 0.037XSBP 
(R2 = 0.971).

Prediction of serum ISM1 in abnormal Na+ excretion 
and insulin resistance
Previous study had shown that sodium excretion was 
associated with increased risk of hypertension among 
adults in China [29]. Our study had revealed that there 
was a negative correlation between ISM1 levels and noc-
turnal urine Na+ excretion. Furthermore, nocturnal renal 
Na+ excretion was divided into high and low excretion 
groups according to media. The AUROC of circulating 
ISM1 level to predict low renal Na+ excretion was 0.873 
(Fig. 4). In addition, we also used circulating ISM1 level 
to predict HOMA-IR, which showed that the AUROC 
was 0.740 (Fig. 5).

Discussion
In this study, we observed higher serum levels of the adi-
pokine ISM1 in individuals with essential hypertension 
compared to control subjects. Moreover, ISM1 exhibited 
an inverse correlation with both nocturnal urine Na+ 
concentration and nocturnal urine Na+ excretion. These 
findings suggest that ISM1 may serve as a novel bio-
marker for abnormal urine Na+ excretion.

To our knowledge, this study represents the first inves-
tigation into the relationship between serum ISM1 levels 
and essential hypertension in a population-based cohort. 
Our results revealed elevated ISM1 levels in hypertensive 
individuals compared to healthy volunteers, with a strong 
positive association between serum ISM1 levels and both 
SBP and DBP, even after adjusting for age, BMI, sex, 
heart rate, glucose, total cholesterol, and eGFR. Previ-
ous prospective studies have highlighted the association 
between various adipokines and essential hypertension. 
For instance, adiponectin has demonstrated beneficial 
effects of antihypertensive properties [7]. Chemerin lev-
els are positively correlated with high glucose and LDL 
levels [8]. Vaspin treatment has shown to prevent systolic 
blood pressure elevation in spontaneously hypertensive 
rats [10]. Additionally, a positive association has been 
observed between plasma leptin and incident hyperten-
sion in large prospective cohorts of Black individuals 

Fig. 2  The levels of circulating ISM1 in healthy subjects (control) 
and subjects with newly-diagnosed essential hypertension 
(**P < 0.001 vs. control)
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[11]. These findings indicated the significant role of adi-
pokines in the essential hypertension.

Biologically, the positive association between ISM1 and 
blood pressure progression is plausible. Recent studies 
have indicated that ISM1 inhibits nuclear factor kappa-
B (NF-κB) activation and proinflammatory cytokines 
production [30], thereby exerting anti-inflammatory 
effects. ISM1, as an anti-inflammatory protein, selectively 

triggers the apoptosis of alveolar macrophages and pro-
tects lung homeostasis [31]. Previous study indicated 
that blockade of NF-κB reduces renal angiotensin II type 
1 receptor (AT1R) expression and function, improves 
inflammatory/anti-inflammatory balance, which lowers 
blood pressure and recovers renal function [32]. There-
fore, ISM1 may play a protective role in high blood pres-
sure through restraining renal inflammation.

Table 2  Correlations analysis between serum ISM1 and clinical parameters

Abbreviations: SBP Systolic blood pressure, DBP Diastolic blood pressure, HR Heart rate, BMI Body mass index, baPWV Brachial-ankle pulse wave velocity, 
TG  Triglyceride, TC Total cholesterol, HDL-C High-density lipoprotein cholesterol, LDL-C Low-density lipoprotein cholesterol, UA Uric acid, ALT Alanine 
aminotransferase, AST Aspartate transaminase, TBil Total bilirubin, WBC White blood count, RBC Red blood count, PLT Platelet, Neu Neutrophil count, Lym Lymphocyte 
count, Mon Monocyte count, TyG Index Triglyceride-glucose index, HOMA-IR Homeostatic Model Assessment of Insulin Resistance, ISM1 Isthmin-1
a adjusted for age, BMI, sex,HR,glucose, TC, eGFR

Feature Circulating ISM1

rs P value Adjusted rs
a P value

Sex -0.108 0.327

Age (years) 0.097 0.378

SBP (mmHg) 0.923 0.000 0.748 0.000

DBP (mmHg) 0.724 0.000 0.568 0.000

HR (bpm) 0.119 0.281

Height (cm) 0.114 0.307

Weight (kg) 0.382 0.000

BMI (kg/m2) 0.464 0.000

baPWV right (cm/s) 0.611 0.000 0.344 0.012

baPWV left (cm/s) 0.653 0.000 0.350 0.011

Glucose (mmol/L) 0.272 0.012

TG (mmol/L) 0.374 0.000 0.133 0.274

TC (mmol/L) 0.137 0.213

HDL-C (mmol/L) -0.271 0.016 0.005 0.970

LDL-C (mmol/L) 0.200 0.077 0.031 0.801

UA (μmol/L) 0.386 0.000 0.127 0.296

ALT (U/L) 0.186 0.090 -0.078 0.521

AST (U/L) 0.144 0.193 -0.129 0.287

Albumin (g/L) 0.270 0.013 0.267 0.026

TBil (μmol/L) 0.138 0.210 -0.045 0.710

Urea (mmol/L) 0.048 0.664 -0.079 0.513

Creatinine (μmoI/L) 0.099 0.373 0.002 0.987

eGFR (ml/min/1.73m2) -0.081 0.465

WBC (109/L) 0.08 0.472 -0.019 0.873

RBC (1012/L) 0.255 0.019 0.178 0.141

PLT (109/L) 0.004 0.970 0.090 0.458

Neu (109/L) 0.150 0.172 0.017 0.886

Lym (109/L) -0.092 0.403 -0.114 0.346

Mon (109/L) 0.066 0.549 -0.120 0.323

TyG Index 0.403 0.000 0.129 0.287

Insulin (mIU/L) 0.547 0.000 0.296 0.012

HOMA-IR 0.548 0.000 0.286 0.015

Nocturnal urine Na+ concentration (mmol/L) -0.753 0.000 -0.710 0.010

Nocturnal urine Na+ excretion (mmol/8 h) -0.674 0.001 -0.609 0.036
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The kidneys play an important role in the long-term 
regulation of blood pressure [33]. Urinary sodium 
excretion was closely related to blood pressure, every 
100  mmol/d reduction in urinary sodium excretion 
was associated with a lower mean SBP of 5.56  mmHg 
(95% CI, − 4.52 to − 6.59) and a lower mean DBP of 
2.33  mmHg (95% CI, − 1.66 to − 3.00) [34]. In the pre-
sent study, we found that circulating ISM1 levels were 

negative associated with nocturnal urine Na+ concentra-
tion and nocturnal urine Na+ excretion. Study in patients 
with type 2 diabetes mellitus (T2DM) found that serum 
ISM1 levels were increased in patients with decreased 
eGFR [35]. Serum ISM1 levels were positively and inde-
pendently correlated with the severity of albuminuria in 
patients with T2DM [36], suggesting that ISM1 may be 
associated with renal dysfunction. Our results showed 

Fig. 3  Association of circulating ISM1 levels and clinical parameters, including A SBP, B DBP, C nocturnal urine Na+ concentration, D nocturnal urine 
Na+ excretion, E baPWV left, F baPWV right. SBP, systolic blood pressure; DBP, diastolic blood pressure; baPWV, brachial-ankle pulse wave velocity
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that serum ISM1 levels may potentially serve as predic-
tors of abnormal urine Na+ excretion in hypertensive 
individuals.

On the other hand, five indices for insulin resistance 
were assessed in clinical practice [37]. We found that 
serum ISM1 levels can be used to predict HOMA-IR 
in the current study. However, it should be noted that 
HOMA-IR is not the gold standard for diagnosing insu-
lin resistance though it is non-invasive and widely used 
in clinical and research settings. Alternative methods, 

including the hyperinsulinemic-euglycemic clamp [38], 
would be needed to verify the relationship between ISM1 
and insulin resistance in the future. Once the underlying 
causal relationship is better elucidated, ISM1 is expected 
to be used for preliminary clinical screening for insulin 
resistance.

In this study, we observed that the positive relation 
between ISM1 levels and baPWV. Study have indicated 
that the blood pressure variability is an independent 
predictor of unfavorable baPWV levels and precedes 
arteriosclerosis progression, especially in people with 
hypertension [39], which raised the possibility that 
baPWV may link ISM1 with essential hypertension. Nev-
ertheless, it should be noted that baPWV had not been 
found to be a variable that was independently correlated 
with circulating ISM1 levels.

In summary, our results demonstrated that the serum 
ISM1 levels were increased in patients with essential 
hypertension, and ISM1 levels were positively associated 
with both SBP and DBP. Especially, ISM1 may represent 
a promising novel predictor for abnormal Na+ excretion 
and insulin resistance, which could provide support for 
individualized, precision medication management, and 
earlier lifestyle interventions for management on hyper-
tensive patients. Further longitudinal studies and basic 
experiments are warranted to validate these findings.

Limitations
Our study has several limitations. First, it was a case–
control study without follow-up assessments, which lim-
ited our ability to establish causal relationships. Second, 
the sample size was relatively limited. Furthermore, all 
participants were of Chinese ethnicity, raising questions 
about the generalizability of our findings to other popula-
tions. Therefore, larger prospective cohort studies involv-
ing more diverse populations are needed in the future.

Conclusion
Serum ISM1 levels were increased in patients with essen-
tial hypertension, ISM1 levels were positively associ-
ated with SBP and DBP. ISM1 may potentially serve as a 
potential biomarker of abnormal urine Na+ excretion and 
insulin resistance in primary hypertensive individuals.
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