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Abstract. Interleukin‑37 (IL‑37) has been reported to be 
closely linked to vascular diseases, including atherosclerosis 
and aortic calcification. The present study aimed to assess 
the expression levels of IL‑37 in patients with hypertension. 
Blood samples were collected from control subjects (n=20) 
and patients with hypertension (n=45). Subsequently, macro‑
phages, lymphocytes and dendritic cells were individually 
isolated and the mRNA expression of IL‑37 was measured. 
In addition, the circulating IL‑37 levels in control subjects 
(n=30) and patients with hypertension (n=334) were assessed. 
Furthermore, all patients who were subjected to detection 
of circulating IL‑37 underwent ambulatory blood pressure 
monitoring. The results suggested that the mRNA levels of 
IL‑37 in macrophages, but not in lymphocytes and dendritic 
cells, isolated from patients with hypertension were markedly 
elevated compared with those in cells isolated from control 
subjects. Circulating IL‑37 levels were increased in patients 
with hypertension compared with those in control subjects and 
positively correlated with systolic and diastolic blood pressure 
in patients with hypertension. No differences were observed 
between patients with dipper hypertension and patients with 

non‑dipper hypertension. In addition, patients with hyper‑
tension with a smoking habit, type 2 diabetes mellitus and 
carotid atherosclerotic plaque (CAP) exhibited higher IL‑37 
levels. IL‑37 levels were positively correlated with creatinine, 
C‑reactive protein and homocysteine levels. Furthermore, the 
results of a linear regression analysis suggested that IL‑37 
levels were independently associated with the presence of 
CAP. In conclusion, IL‑37 levels are increased in patients with 
hypertension and may be associated with the onset of CAP.

Introduction

Hypertension is a complex clinical syndrome that is usually 
characterized by abnormally elevated systolic blood pressure 
(SBP) and/or diastolic blood pressure (DBP) and comprises 
a wide range of patients and various clinical complications. 
Various pathological mechanisms have been indicated to be 
closely linked to the occurrence and progression of hyperten‑
sion and target organ injury mediated by hypertension, among 
which inflammation is one of the most important mecha‑
nisms (1‑3).

Interleukin‑37 (IL‑37) belongs to the IL‑1 family and is 
the only anti‑inflammatory factor in this family (4). IL‑37 is 
expressed in tissues and organs of a variety of mammals but 
is not observed in mice; in addition, IL‑37 is mainly secreted 
by immune cells such as macrophages and dendritic cells and 
may also be secreted in small amounts by endothelial cells 
and smooth muscle cells (4,5). IL‑37 is able to regulate the 
differentiation of various immune cells, affect the expres‑
sion of downstream inflammatory factors and participate in 
the development and progression of a variety of diseases by 
binding with IL‑18 receptor (IL‑18R)α and IL‑1R8 receptors 
and further activating the Toll‑like receptor 4 pathway (6‑8).

IL‑37 has been the focus of recent research and increasing 
evidence has confirmed that it is closely associated with the 
progression of cardiovascular disease (9,10). IL‑37 has been 
indicated to alleviate the progression of atherosclerosis and 
enhance the stability of plaques in apolipoprotein E knockout 
mice fed a high‑fat diet by inhibiting T‑lymphocyte differen‑
tiation, dendritic cell maturation and vascular smooth muscle 
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cell apoptosis (11‑13). In another study, IL‑37 was reported to 
have no effect on atherosclerosis development in low‑density 
lipoprotein receptor‑deficient mice receiving a high‑fat 
diet, although the local inflammation in the blood vessels 
was reduced (14). In addition, IL‑37 may reduce the area of 
myocardial infarction and reverse cardiac remodeling by 
inhibiting the maturation of dendritic cells (15). Furthermore, 
treatment with exogenous IL‑37 alleviates myocardial injury 
induced by ischemia/reperfusion via the upregulation of IL‑10 
expression (16). However, the association between IL‑37 and 
hypertension has remained elusive and the purpose of the 
present study was to observe IL‑37 expression in the context 
of hypertension.

Materials and methods

Blood sample collection. As described in a previous study, patients 
with secondary hypertension, coronary artery disease, heart 
failure, stroke, valvular heart disease, collagen disease, advanced 
liver disease, renal failure, malignant disease, septicemia, or 
other inflammatory diseases were excluded from the present 
study (17). The study was approved by the ethics committee of 
the People's Hospital of Guangxi Zhuang Autonomous Region 
(Nanning, China; approval no. 2015‑16 of the National Natural 
Science Foundation of China), and written informed consent was 
obtained from the participants. 

The diagnosis of hypertension was based on the results 
of ambulatory blood pressure monitoring (ABPM). In brief, 
blood pressure values for 48 time‑points were collected over a 
24‑h period and patients with abnormally high blood pressure 
(SBP/DBP ≥140/90 mmHg from 7 am to 0 am and SBP/DBP 
≥125/85 mmHg from 0  am to 7  am) detected at >25% of 
the time‑points were diagnosed with hypertension (18,19). 
Secondary hypertension, hyperthyroidism, white‑coat 
syndrome, elevated blood pressure due to emotional agitation, 
and all other diseases and conditions that may affect blood 
pressure, were excluded (19).

Within 2 months from October 2018 to January 2020, a total 
of 110 subjects who were admitted for physical examination at 
the medical center were enrolled. The subjects were divided 
in to a non‑hypertension group (control subjects, n=40) and 
a hypertension group (n=70) based on the results of ABPM. 
The monocytes and T‑lymphocytes were separated from the 
fresh blood samples and then stimulated to differentiate into 
macrophages, dendritic cells and mature T‑lymphocytes. 
In brief, peripheral blood mononuclear cells were isolated 
from each blood sample after the red blood cells were lysed. 
Subsequently, the T‑lymphocytes and monocytes were 
positively selected using human CD4 (cat. no. 130‑045‑101) 
and CD11b (cat. no. 130‑049‑601) magnetic beads and an 
autoMACS separator (cat. no. 130‑049‑601; all from Miltenyi 
Biotech)  (20). The monocytes were treated with human 
macrophage colony‑stimulating factor (M‑CSF; 50 ng/ml; 
cat. no. AF‑300‑25; PeproTech) or human granulocyte‑M‑CSF 
(50 ng/ml; cat. no. 900‑K30; PeproTech) for 9 days to stimu‑
late their differentiation into macrophages and dendritic cells, 
respectively. The T lymphocytes were incubated with Cell 
Stimulation Cocktail (2 µl/ml; cat. no. 00‑4975‑93; eBiosci‑
ence), which was composed of 40.5 µmol/l phorbol myristate 
acetate, 670  µmol/l ionomycin, 5.5  µmol/l brefeldin and 

1  µmol/l monensin for 4  h to promote maturation. IL‑37 
mRNA expression in each isolate of immune cells from all 
subjects was detected.

From March  2017 to January  2020, 491 hospitalized 
subjects were enrolled in the present study. According to the 
above‑mentioned criteria, 67 subjects were excluded from 
the study. Blood samples were collected from the remaining 
424 subjects (including 90 subjects without hypertension and 
334 patients with hypertension) in a fasted state in the morning 
following admission by experienced nurses for the collection 
of plasma samples and measurement of IL‑37 levels.

Reverse transcription‑quantitative (RT‑q)PCR detection of 
IL‑37 mRNA expression. The macrophages, T‑lymphocytes and 
dendritic cells were lysed using TRIzol reagent (cat no. T9424; 
Sigma‑Aldrich; Merck KGaA) according to the manufacturer's 
protocol, and the total mRNA of each sample was individu‑
ally extracted. Subsequently, the complementary (c)DNA was 
obtained by RT using 2 µg of total mRNA and a Transcriptor 
First Strand cDNA Synthesis kit (cat. no. 04896866001; Roche 
Molecular Systems, Inc.) at 92˚C for 5 min. The IL‑37 mRNA 
levels were detected by PCR amplification using SYBR Green 
(cat no. 04707516001; Roche Molecular Systems, Inc.) and were 
normalized to GAPDH levels using the 2‑ΔΔCq method (21). The 
following thermocycling conditions were used for the PCR: 
35 cycles at 92˚C for 30 sec, 58˚C for 40 sec and 72˚C for 
35 sec. The primers (Qingke Technology) used in the present 
study were as follows: IL‑37 forward, 5'‑AGT​GCT​GCT​TAG​
AAG​ACC​CGG‑3' and reverse, 5'‑AGA​GTC​CAG​GAC​CAG​
TAC​TTT​GTG​A‑3'; GAPDH forward, 5'‑GAG​TCA​ACG​GAT​
TTG​GTC​GT‑3' and reverse, 5'‑GAC​AAG​CTT​CCC​GTT​CTC​
AG‑3'.

Measurement of plasma IL‑37 levels. The samples were obtained 
in sodium heparin vacutainers and centrifuged at 5,000 x g for 
15 min. Plasma was obtained from each sample after centrifu‑
gation and was stored at ‑80˚C until further detection. Prior to 
investigation, the frozen plasma samples were thawed at 4˚C 
and an ELISA (cat. no. 88‑52103‑22; Invitrogen; Thermo Fisher 
Scientific, Inc.) was performed to determine the IL‑37 levels in 
each sample. All assays were performed in duplicate.

Echocardiography and ABPM. All of the control subjects and 
patients with hypertension received B‑mode ultrasound exam‑
inations and underwent ABPM to identify whether the patients 
suffered from carotid atherosclerosis and/or non‑dipper 
hypertension. The structural and functional changes in the 
heart may affect interleukin secretion. Therefore, all subjects 
underwent echocardiography, and subjects with significant 
cardiac structural and functional changes were excluded. Both 
of these tests were completed and analyzed by doctors with 
>10 years of experience. In addition, the 24‑h coefficient of 
variation of SBP (CV‑SBP), CV‑DBP, night drop rate of SBP 
(NDR‑SBP), NDR‑DBP, average SBP in 24 h (A24h‑MSBP), 
24 h‑MDBP, average active period of SBP (AP‑SBP), AP‑DBP, 
average passive period of SBP (PP‑SBP) and PP‑DBP were 
collected after the ABPM of each patient was completed.

Collection of patient information. Information on age, sex, 
smoking, drinking, body mass index (BMI) and medical 
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treatments was obtained when the patients' medical history 
was taken after admission. Information on SBP, DBP and 
heart rate (HR) was collected by the attending physician. 
The fasting glucose (Glu), hemoglobin A1c (HbAlc), total 
cholesterol (TC), total triglycerides (TG), high‑density 
lipoprotein cholesterol (HDL‑C), low‑density lipoprotein 
cholesterol (LDL‑C), creatinine (CREA), C‑reactive protein 
(CRP), homocysteine (Hcy), sleep apnea hypopnea syndrome 
(SAHS) and hypoxemia‑associated data were obtained after 
laboratory tests.

Statistical analysis. All of the data in the present study are 
expressed as the mean ± standard deviation and were further 
analyzed using SPSS 26.0 statistical software (IBM Corp.). 
Discrete variables are expressed as n (%) and were compared 
with Chi‑square tests. For the continuous variables, Student's 
t‑test was performed to compare the differences between 

2 groups, and one‑way analysis of variance followed by the 
Tukey's post hoc test was used for comparisons involving 3 
groups. In addition, the correlations between IL‑37 levels 
and SBP, DBP and clinical characteristics in patients with 
hypertension were calculated using Pearson's correlation. 
Furthermore, the influence of hypertension on IL‑37 secretion 
and IL‑37 levels on the presence of carotid atherosclerotic 
plaque  (CAP) were identified by univariate analysis and 
subsequent multivariate linear regression analysis. P<0.05 
was considered to indicate statistical significance in all 
analyses.

Results

Clinical characteristics. The clinical characteristics of each 
group are listed in Table I. Compared with the control group, 
the hypertension group exhibited a higher rate of smoking, 

Table I. Clinical characteristics of the control and hypertension groups.

Characteristics	 Normal range	 Control (n=40)	 Hypertension (n=70)	 P‑value

Age (years)	 ‑	 53.2±10.2	 56.2±11.5	 0.1735
Male sex	 ‑	 25 (62.5)	 40 (50.0)	 0.6877
Smoking 	 ‑	 13 (32.5)	 45 (64.3)	 0.0016
Drinking 	 ‑	 9 (22.5)	 20 (28.6)	 0.6533
Obesity	 ‑	 14 (35.0)	 30 (42.9)	 0.5433
T2DM	 ‑	 3 (7.5)	 4 (5.7)	 0.7033
HLP	 ‑	 10 (25.0)	 20 (28.6)	 0.8246
CAP	 ‑	 2 (5.0)	 13 (18.6)	 0.0800
HR (bpm)	 60‑100	 72.5±10.6	 75.3±12.1	 0.2252
SBP (mmHg)	 90‑140	 119±13	 155±26	 <0.0001
DBP (mmHg)	 60‑90	 76±12	 95±19	 <0.0001
BMI (kg/m2)	 20‑25	 23.2±3.5	 23.6±3.6	 0.5724
Glu (mmol/l)	 3.5‑6.1	 4.6±0.6	 4.7±0.6	 0.4023
HbAlc (%)	 4‑6	 4.8±1.0	 4.9±1.1	 0.6366
TC (mmol/l)	 3‑5.2	 4.5±0.8	 4.7±1.0	 0.2817
TG (mmol/l)	 0.5‑1.7	 1.1±0.5	 1.1±0.8	 0.8724
HDL‑C (mmol/l)	 0.9‑2.0	 1.1±0.4	 1.3±0.7	 0.3523
LDL‑C (mmol/l)	 1.8‑3.1	 2.2±0.6	 2.5±0.9	 0.5262
CREA (µmol/l)	 57‑97	 66±14	 69±19	 0.2152
CRP (mg/l)	 <5	 0.6±0.8	 6.4±4.7	 <0.0001
Hcy (µmol/l)	 0‑15	 10.3±6.4	 11.1±7.1	 0.1952
Medical treatments
  ACEI/ARB	 ‑	 0 (0.0)	 39 (55.7)	 <0.0001
  β‑blocker	 ‑	 0 (0.0)	 23 (32.9)	 <0.0001
  CCB	 ‑	 0 (0.0)	 51 (72.9)	 <0.0001
  Diuretics	 ‑	 0 (0.0)	 30 (42.8)	 <0.0001
  α‑blocker	 ‑	 0 (0.0)	 6 (8.6)	 0.0845
  Statin	 ‑	 4 (10.0)	 36 (51.4)	 <0.0001

Values are expressed as n (%) or the mean ± standard deviation. T2DM, type 2 diabetes mellitus; HLP, hyperlipidemia; CAP, carotid atheroscle‑
rotic plaque; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; Glu, fasting glucose; HbAlc, 
hemoglobin a1c; TC, total cholesterol; TG, total triglycerides; HDL‑C, high‑density lipoprotein cholesterol; LDL‑C, low‑density lipoprotein 
cholesterol; CREA, creatinine; CRP, C‑reactive protein; Hcy, homocysteine; ACEI, angiotensin‑converting enzyme inhibitor; ARB, angio‑
tensin receptor blocker; CCB, calcium channel blocker.
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higher SBP and DBP and elevated levels of CRP. No signifi‑
cant inter‑group differences were observed in other clinical 
characteristics, including age, sex, drinking, HR, presence of 
CAP, BMI, Glu, HbAlc, blood lipids, CREA and Hcy. 

IL‑37 mRNA levels in patients with hypertension and controls. 
The RT‑qPCR results indicated that the average IL‑37 mRNA 
expression in macrophages from hypertensive patients was 
increased ~3.5‑fold compared with that in macrophages 
from control subjects (Fig. 1A). The IL‑37 mRNA levels in 
T‑lymphocytes and dendritic cells exhibited no differences 
between control subjects and patients with hypertension 
(Fig. 1B and C, respectively). In addition, a univariate anal‑
ysis was performed to identify any factors affecting IL‑37 
expression in the entire cohort. The β‑values, 95%  CI of 
β and P‑values are listed in Table II, and factors including 
macrophages, T‑lymphocytes, dendritic cells, hypertension, 
smoking, drinking, obesity, CREA, CRP and Hcy in Table II 
were adjusted. The results suggested that macrophages, 
hypertension, smoking and CRP significantly affected IL‑37 
expression. These variables were used to further perform 
multivariate regression analysis and the results indicated that 
hypertension and macrophages were closely and independently 
associated with the expression of IL‑37. 

Clinical characteristics of subgroups of hypertension and 
controls. The clinical characteristics of each group are listed 
in Table SI. Compared with those in the control group, the 
hypertension group exhibited significantly higher rates of 
obesity, type 2 diabetes mellitus (T2DM), hyperlipidemia 
(HLP), SAHS and CAP, higher levels of SBP, DBP, BMI, Glu, 
HbAlc, TG, CREA, CRP and Hcy, and lower levels of HDL‑C. 
A higher tendency of male sex, smoking and drinking was 
observed in the hypertension group, but it was not statistically 
significant compared with the control group. No differences in 
other clinical factors were observed between the two groups. 
In addition, the non‑dipper group exhibited increased T2DM 
and CAP rates compared with those in the dipper group, and 
the dipper group exhibited a lower rate of CAP compared 
with the total group. No differences in terms of any other 
clinical characteristics, including age, sex, smoking, drinking, 

HR, TC or HDL‑C, were obtained among the control, dipper 
hypertension, non‑dipper hypertension and total hypertension 
group. 

Information on ABPM. The ABPM data for each group 
are listed in Table  SII. The hypertension group had a 
higher NDR‑SBP, NDR‑DBP, A24h‑SBP, A24h‑DBP, 
AP‑SBP, AP‑DBP, PP‑SBP and PP‑DBP than the control 
group. Compared with the dipper group, the non‑dipper 
group exhibited increases in the PP‑SBP and PP‑DBP and 
decreases in the NDR‑SBP and NDR‑SBP. No differences in 
A24h‑SBP, A24h‑DBP, AP‑SBP and AP‑DBP were observed 
between the dipper group and the non‑dipper group, and no 
differences in CV‑SBP and CV‑DBP were observed among 
the four groups. 

Plasma IL‑37 concentration in patients with hypertension. 
Regarding the ELISA results, the IL‑37 levels gradually 
increased in patients with grade I,  II and III hypertension 
and those in all groups were higher than those in the control 
group (Fig. 2). In addition, no differences in plasma IL‑37 
levels were observed among the hypertension group, the 
dipper group and the non‑dipper group, while the levels in all 
of these groups were significantly elevated compared with the 
levels in the control group (Fig. 3A). Furthermore, IL‑37 levels 
were positively correlated with SBP and with DBP in patients 
with hypertension (Fig. 3B and C, respectively). A univariate 
analysis of variables affecting the plasma levels of IL‑37 was 
then performed. The β values, 95% CI of β, and P‑values are 
listed in Table III. The results suggested that CAP, hyperten‑
sion, non‑dipper hypertension, smoking, T2DM, HLP, CREA, 
CRP and Hcy had a significant influence on the plasma levels 
of IL‑37. These variables were subjected to further multi‑
variate regression analysis and the results suggested that CAP, 
hypertension, smoking, T2DM, HLP, CREA, CRP and Hcy 
were closely independently associated with the secretion of 
IL‑37 into the plasma. 

Smoking, T2DM and CAP influence circulating IL‑37 levels 
in patients with hypertension. In addition, all patients with 
hypertension were divided into two groups according to sex, 

Figure 1. IL‑37 mRNA expression in patients with hypertension. IL‑37 mRNA expression was detected in (A) macrophages, (B) T lymphocytes and (C) den‑
dritic cells from control subjects and patients with hypertension by reverse transcription‑quantitative PCR. The results are presented as a ratio to the expression 
of the control group. ****P<0.0001 vs. the control group. ns, no significance; IL, interleukin. 
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smoking, drinking, obesity, T2DM, HLP, SAHS, hypoxemia 
and CAP and the serum levels of IL‑37 were compared 
between them (Fig. 4). The results suggested that patients who 
smoked, those who had T2DM and those with CAP exhibited 
higher plasma IL‑37 levels than patients who did not smoke or 
have T2DM or CAP (Fig. 4B, E and I). Other factors, including 
sex, drinking, obesity, hyperlipidemia, SAHS and hypoxemia, 
had no effects on the plasma levels of IL‑37 in patients with 
hypertension (Fig. 4A, C, D, F and H). 

Effects of IL‑37 on the presence of CAP. The correlation 
between IL‑37 levels and clinical characteristics was then 
analyzed. The results suggested that CREA, Hcy and CRP were 
all positively correlated with plasma IL‑37 levels in individuals 
with hypertension (Fig. 5A‑C). No significant correlations 
between plasma IL‑37 levels and BMI, Glu, TC, LDL‑C or 
HDL‑C were observed (data not shown). Subsequently, a 
univariate linear regression analysis regarding the influence 
on the presence of CAP was performed for the variables which 
exhibited differences between the control group and the hyper‑
tension group or were demonstrated to be associated with the 

presence of CAP, including IL‑37, hypertension, non‑dipper 
status, age, male sex, smoking, drinking, obesity, T2DM, 
HLP, SAHS, hypoxemia, CREA, CRP and Hcy. The β‑values, 
95% CI of β and P‑values are listed in Table IV. The results 
suggested that IL‑37, hypertension, non‑dipper status, age, 
smoking, T2DM, HLP, SAHS, hypoxemia and CRP had an 
influence on the occurrence of CAP. These variables provided 
in Table IV, including IL‑37, hypertension, non‑dipper status, 
age, sex, smoking, drinking, obesity, T2DM, HLP, SAHS, 
hypoxemia, CREA, CRP and Hcy, were all adjusted and used 
to further perform multivariate regression analysis and the 
results suggested that the presence of CAP was independently 
associated with IL‑37, hypertension, non‑dipper state, age, sex 
and smoking. 

Discussion

The present study was the first to report that IL‑37 mRNA 
expression was significantly increased in macrophages in 
patients with hypertension, and that circulating IL‑37 levels 
were significantly increased in patients with hypertension 
and were positively correlated with SBP and DBP. Although 
non‑dipper hypertension did not affect plasma IL‑37 levels, 
smoking, T2DM and CAP were able to promote IL‑37 expres‑
sion. IL‑37 levels were also positively correlated with CREA, 
CRP and Hcy levels in patients with hypertension, and elevated 
IL‑37 levels were independently associated with the presence 
of CAP.

Numerous clinical studies have confirmed that IL‑37 
expression is elevated in a variety of cardiovascular diseases. 
In an early study, IL‑37 levels were observed to be increased 
in the plasma and arteries of patients with arterial calcifica‑
tion (22). Subsequently, plasma IL‑37 levels were indicated 
to be increased in patients with aortic calcification and aortic 
valve calcification (23,24). In addition, IL‑37 levels were 
elevated in patients with chronic heart failure and higher 
IL‑37 levels suggested poor prognosis (25). Furthermore, 
substantial evidence has indicated that the plasma concen‑
tration of IL‑37 was significantly increased in patients 

Table II. Logistic regression analysis of the influence of clinical factors on interleukin‑37 mRNA expression in the cohort.

	 Univariate	 Multivariate
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Factor	 Cut‑off value	 Adjusted β	 95% CI of β	 P‑value	 Adjusted β	 95% CI of β	 P‑value

Macrophages	 Yes	 0.491	 0.352‑0.630	 <0.001	 0.305	 0.226‑0.484	 <0.001
T‑lymphocytes	 Yes	 0.094	 0.041‑0.147	 0.098			 
Dendritic cells	 Yes	 0.033	 0.010‑0.056	 0.274			 
Hypertension	 Yes	 0.392	 0.267‑0.517	 <0.001	 0.196	 0.101‑0.291	 0.009
Smoking	 Yes	 0.202	 0.150‑0.254	 0.029	 0.101	 0.051‑0.151	 0.091
Drinking	 Yes	 0.088	 0.037‑0.139	 0.339			 
Obesity	 Yes	 0.042	 0.019‑0.065	 0.618			 
CREA	 >79 µmol/l	 0.007	 ‑0.012‑0.026	 0.512			 
CRP	 >8.6 mg/l	 0.164	 0.084‑0.244	 0.004	 0.078	 0.037‑0.119	 0.019
Hcy	 >13.5 µmol/l	 ‑0.04	 ‑0.023‑0.015	 0.887			 

CREA, creatinine; CRP, C‑reactive protein; Hcy, homocysteine.

Figure 2. IL‑37 levels in patients with hypertension. The plasma IL‑37 levels 
in the control group, grade I group, grade II group and grade III group were 
detected. ****P<0.0001 vs. the previous group. IL, interleukin. 
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with ischemic cardiomyopathy, including acute coronary 
syndrome and acute ST‑segment elevation myocardial 
infarction after percutaneous coronary intervention (26‑29). 
Plasma levels of IL‑37 were gradually increased in patients 
with paroxysmal atrial fibrillation, persistent atrial fibril‑
lation and permanent atrial fibrillation, while the IL‑37 
levels in all groups were significantly higher than those in 
the normal group (30). In the present study, the circulating 
IL‑37 concentration was significantly increased in patients 
with hypertension. These studies may indicate that IL‑37 
is involved in the development of hypertension. The results 
also reaffirm the close association between IL‑37 and 
cardiovascular disease.

It is well known that there is a close association between 
hypertension and immune cells (20,31). Similarly, the differ‑
entiation and maturation of immune cells may promote the 
secretion of various inflammatory factors, which is closely 
linked to hypertension development (15,31,32). Combined 
with a previous result by our group indicating that IL‑37 may 
have a regulatory role in the differentiation and maturation of 
various immune cells and the release of inflammation‑asso‑
ciated factors (13,33), it was hypothesized that IL‑37 may be 
involved in the process of hypertension through regulation 
of inflammatory effects, similar to those that occur in other 
cardiovascular diseases. The specific role and mechanisms 
remain to be fully elucidated and still require to be deter‑

Figure 3. IL‑37 levels in dipper and non‑dipper hypertension group. (A) IL‑37 levels in the control group, the hypertension group, the dipper group and 
the non‑dipper group were measured by ELISA. (B and C) Correlations between the plasma levels of IL‑37 and (B) SBP and (C) DBP and in patients with 
hypertension. ****P<0.0001 vs. the previous group. IL, interleukin; SBP, systolic blood pressure; DBP, diastolic blood pressure. 

Table III. Logistic regression analysis of the effects of clinical factors on plasma interleukin‑37 levels.

	 Univariate	 Multivariate
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Factor	 Cut‑off value	 Adjusted β	 95% CI of β	 P‑value	 Adjusted β	 95% CI of β	 P‑value

CAP	 Yes	 0.377	 0.219‑0.535	 <0.001	 0.195	 0.125‑0.265	 <0.001
Hypertension	 Yes	 0.272	 0.156‑0.388	 <0.001	 0.152	 0.106‑0.197	 <0.001
Non‑dipper	 Yes	 0.293	 0.180‑0.406	 0.031	 0.123	 0.088‑0.158	 0.129
Age	 >55 years	 0.244	 0.127‑0.361	 0.058			 
Sex	 Yes	 0.041	 ‑0.061‑0.155	 0.459			 
Smoking	 Yes	 0.313	 0.191‑0.435	 <0.001	 0.149	 0.103‑0.195	 <0.001
Drinking	 Yes	 0.048	 ‑0.071‑0.167	 0.752			 
Obesity	 Yes	 0.196	 0.113‑0.189	 0.279			 
T2DM	 Yes	 0.155	 0.056‑0.254	 0.009	 0.088	 0.064‑0.112	 0.021
HLP	 Yes	 0.137	 0.034‑0.220	 0.026	 0.063	 0.052‑0.074	 0.049
SAHS	 Yes	 0.198	 0.091‑0.305	 0.055			 
Hypoxemia	 Yes	 0.177	 0.074‑0.280	 0.063			 
CREA	 >92 µmol/l	 0.257	 0.143‑0.371	 0.004	 0.102	 0.071‑0.133	 0.012
CRP	 >6.8 mg/l	 0.134	 0.031‑0.237	 0.008	 0.061	 0.050‑0.072	 0.023
Hcy	 >17.9 µmol/l	 0.124	 0.022‑0.228	 0.017	 0.051	 0.039‑0.063	 0.046

T2DM, type 2 diabetes mellitus; HLP, hyperlipidemia; SAHS, sleep apnea hypopnea syndrome; CAP, carotid atherosclerotic plaque; CREA, 
creatinine; CRP, C‑reactive protein; Hcy, homocysteine.
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mined in both animal hypertension studies and clinical 
experiments.

Hypertension may be divided into dipper hypertension 
and non‑dipper hypertension depending on how much the 
blood pressure drops at night. Usually, a blood pressure drop 
of >10% at night is referred to as dipper hypertension, which 
is normal, while a blood pressure drop of <10% at night is 
called non‑dipper hypertension, which is abnormal. Several 

studies have demonstrated that patients with non‑dipper 
hypertension exhibit severe heart, brain and kidney injury, 
more clinical complications and higher all‑cause mortality 
than patients with dipper hypertension, and this distinction 
may help predict the prognosis of patients with hyperten‑
sion (32,34). In the present study, the incidence of CAP was 
indicated to be significantly lower in patients with dipper 
hypertension than in patients with non‑dipper hypertension. 

Figure 4. Circulating IL‑37 levels in patients with different characteristics. IL‑37 levels were determined in patients with hypertension with or without the 
following characteristics: (A) Male sex, (B) smoking, (C) drinking, (D) obesity, (E) T2DM, (F) HLP, (G) SAHS, (H) hypoxemia and (I) CAP. **P<0.01 vs. the 
without T2DM group; ***P<0.001 vs. the without smoking group; ****P<0.0001 vs. the without CAP group. ns, no significance; IL, interleukin; T2DM, type 2 
diabetes mellitus; HLP, hyperlipidemia; SAHS, sleep apnea hypopnea syndrome; CAP, carotid atherosclerotic plaque.

Figure 5. Correlation between IL‑37 levels and clinical characteristics. Correlations between IL‑37 and (A) CREA, (B) Hcy and (C) CRP were analyzed by 
Pearson's correlation. IL, interleukin; CREA, creatinine; CRP, C‑reactive protein; Hcy, homocysteine. 
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The plasma IL‑37 levels in patients with dipper hypertension 
and non‑dipper hypertension were also compared. Of note, 
there was no significant difference in IL‑37 levels between 
the two groups. These results may suggest that the presence 
of non‑dipper hypertension is associated not with the eleva‑
tion in circulating IL‑37 levels but with other causes. In fact, 
a previous study reported that the occurrence of non‑dipper 
hypertension was linked to the abnormal increase in blood 
pressure caused by nocturnal sympathetic nerve excita‑
tion (35). These results partially support the hypothesis of 
the present study.

Numerous clinical characteristics, including smoking, 
drinking, diabetes, obesity and hyperlipidemia, have been 
demonstrated to be associated with inflammatory responses 
and have been indicated to regulate the release of various 
cytokines, including IL‑37 (36,37). These clinical character‑
istics may promote complex inflammatory responses that may 
mediate the release of IL‑37 by immune cells. To investigate 
the effects of these clinical characteristics on IL‑37 release in 
patients with hypertension, the patients were divided into two 
groups based on whether they had these clinical factors and the 
results suggested that the IL‑37 levels were higher in hyperten‑
sive patients who smoked, as well as those with T2DM and 
with CAP. The IL‑37 levels were also closely linked to the 
onset of CAP. These results suggest that elevated IL‑37 may 
have a critical role in inflammatory responses mediated by 
factors such as smoking and T2DM. As an anti‑inflammatory 
cytokine, IL‑37 is increased in a variety of chronic inflam‑
matory diseases. One possible explanation is that IL‑37 is 
increased as a form of feedback to prevent damage mediated 
by the inflammatory response, just as brain natriuretic peptide 
is increased in patients with chronic heart failure (38).

There are several limitations to the present study. First, 
the present study had a single‑center design and in the future, 
studies including samples from multiple centers should be 
performed. Furthermore, no follow‑up was performed to 
observe the occurrence of complications and determine the 
impact of IL‑37 on prognosis in these patients with hyperten‑
sion.

In conclusion, the present study indicated that plasma 
IL‑37 levels were increased in patients with hypertension and 
were positively correlated with blood pressure. IL‑37 was also 
independently associated with the presence of CAP. IL‑37 
may be a novel therapeutic target for preventing and treating 
hypertension and prevent organ damage.
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Table IV. Influence of various factors including serum IL‑37 on the presence of carotid atherosclerotic plaque assessed by 
univariate analysis and subsequent multivariate linear regression analysis.

	 Univariate	 Multivariate
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 Cut‑off value	 Adjusted β	 95% CI of β	 P‑value	 Adjusted β	 95% CI of β	 P‑value

IL‑37	 >30.9 mg/ml	 0.180	 0.078‑0.280	 0.018	 0.110	 0.014‑0.206	 0.024
Hypertension	 Yes	 0.183	 0.081‑0.285	 <0.001	 0.103	 0.001‑0.205	 0.047
Non‑dipper	 Yes	 0.191	 0.090‑0.293	 <0.001	 0.123	 0.024‑0.223	 0.016
Age	 >55 years	 0.216	 0.115‑0.317	 <0.001	 0.187	 0.088‑0.286	 <0.001
Sex	 Yes	 0.024	 ‑0.079‑0.126	 0.646			 
Smoking	 Yes	 0.282	 0.183‑0.381	 <0.001	 0.239	 0.142‑0.336	 <0.001
Drinking	 Yes	 0.003	 ‑0.100‑0.107	 0.950			 
Obesity	 Yes	 0.083	 ‑0.020‑0.186	 0.115			 
T2DM	 Yes	 0.147	 0.044‑0.249	 0.005	 0.036	 ‑0.066‑0.137	 0.491
HLP	 Yes	 0.124	 0.022‑0.227	 0.018	 0.037	 ‑0.060‑0.134	 0.452
SAHS	 Yes	 0.185	 0.084‑0.287	 <0.001	 0.211	 ‑0.045‑0.467	 0.106
Hypoxemia	 Yes	 0.156	 0.054‑0.258	 0.003	 ‑0.084	 ‑0.340‑0.173	 0.522
CREA	 >92 µmol/l	 0.039	 ‑0.065‑0.142	 0.464			 
CRP	 >6.8 mg/l	 ‑0.069	 ‑0.172‑0.034	 0.191	 ‑0.068	 ‑0.164‑0.027	 0.160
Hcy	 >17.9 µmol/l	 0.016	 ‑0.088‑0.119	 0.767			 

IL, interleukin; T2DM, type  2 diabetes mellitus; HLP, hyperlipidemia; SAHS, sleep apnea hypopnea syndrome; CREA, creatinine; 
CRP, C‑reactive protein; Hcy, homocysteine.
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