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Recently, studies have suggested that type 17 
helper T (TH17) cells are involved in many inflam‑
matory cardiovascular diseases and play a critical 
role in the pathogenesis of myocardial dysfunc‑
tion.4,5 In our previous studies, TH17 responses 
amplified the inflammatory responses in the ar‑
terial wall and induced the endothelial dysfunc‑
tion in atherosclerosis. TH17 ‑related cytokines 
greatly contribute to the accumulation of fibril‑
lar extracellular matrix in atrial fibrillation, and 
can act as an independent predictor of a higher 
risk for atrial fibrillation recurrence after cath‑
eter ablation.6,7 However, the role of TH17 cells 
in hypertension ‑induced PO has not been well 
defined. We hypothesized that TH17 responses 

INTROduCTION Pressure overload (PO) associ‑
ated with essential hypertension induces vari‑
ous changes, including sarcomere rearrangement, 
cardiomyocyte enlargement, and cardiac fibrosis, 
leading to cardiac hypertrophy and remodeling.1-3 
Continuous PO in essential hypertension may be 
the driving force for recruitment of inflammato‑
ry cells and proinflammatory cytokines, which 
is indispensable for the development of cardiac 
hypertrophy and remodeling. Moreover, during 
chronic inflammatory response over long ‑term 
PO, a large number of cardiomyocytes are lost, 
leading to cardiac diastolic and systolic dysfunc‑
tion with reduced ejection fraction, which is as‑
sociated with adverse outcomes.
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INTROduCTION An increasing body of evidence has shown that type 17 helper T (TH17) cell responses 
play an important role in the progression of cardiac remodeling stimulated by long ‑term pressure overload.
ObjECTIvEs We aimed to investigate the relationship between TH17 responses and cardiac remodeling, 
and the prognostic value of TH17 responses in hypertensive patients.
PATIENTs ANd mEThOds A total of 187 adults with hypertension and 70 healthy controls were enrolled 
in the present study. TH17 cell frequencies, matrix metallopeptidase 9, procollagen type I, and procol‑
lagen type III were studied at baseline. All adults underwent routine echocardiography to assess left 
ventricular diastolic function (LVDF) at baseline and after 24 months of follow ‑up.
REsuLTs The percentage of TH17 cells was increased in hypertensive patients, particularly in adults 
with left ventricular hypertrophy (LVH). Receiver operating characteristic (ROC) analysis revealed that 
the area under the curve (AUC) of TH17 cells for predicting of LVH was 0.943 (95% CI, 0.914–0.971; 
P <0.001) and the cutoff value was 2.3%. On logistic regression analysis, the percentage of TH17 cells 
was an independent predictor of LVH (odds ratio, 1.47; 95% CI, 2.23–2.28; P = 0.005). The percentage 
of TH17 cells significantly correlated with the levels of fibrotic parameters. According to the cutoff value 
of TH17 cells, patients with a lower level of TH17 cell differentiation had a better prognosis.
CONCLusIONs The differentiation of TH17 cells reflected the cardiac hypertrophy and remodeling response 
to hypertension ‑induced pressure overload, and it might be a potential inflammatory marker to predict 
the prognosis of hypertensive patients.
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Two -dimensional doppler echocardiography A rou‑
tine echocardiographic evaluation was per‑
formed using a commercially available ultra‑
sound device (Vivid E9; GE Healthcare, Horten, 
Norway) equipped with an M5S transducer. Im‑
ages and parameters were obtained in 3 left 
ventricular short ‑axis views (basal, middle, 
and apical) and 3 left ventricular apical views 
(4 ‑chamber, 2 ‑chamber, and long ‑axis views). 
The following parameters were determined ac‑
cording to the recommendations of the Ameri‑
can Society of Echocardiography and the Euro‑
pean Association of Cardiovascular Imaging9: 
left ventricular end ‑diastolic diameter, left ven‑
tricular posterior wall diameter, interventric‑
ular septal thickness in end ‑diastolic period, 
LVEF, left atrial volume index, peak tricuspid 
regurgitation velocity (TRmax), tissue Doppler 
velocities in early diastole (e’), E wave decel‑
eration time; change in E/A with Valsalva ma‑
neuver (val ∆E/A), duration of pulmonary vein 
flow and mitral inflow during atrial contraction 
(Ar–A duration), and stroke volume. The follow‑
ing LVDF parameters were also assessed: 1) LV 
relaxation; 2) average E/e’ ratio; 3) mitral E/a 
ratio; left atrial pressure; 4) LA volume index; 
and 5) peak tricuspid regurgitation (TR) veloci‑
ty. Different grades of LVDD were identified ac‑
cording to the 2016 American Society of Echo‑
cardiography and the European Association of 
Cardiovascular Imaging guidelines.9

Flow cytometric analysis Cell suspensions from 
blood were stained with anti ‑CD4 mAbs (eBio‑
science, San Jose, California, United States) fol‑
lowed by permeabilization and incubation with 
intracellular anti ‑interleukin (IL)‑17 mAbs (eBio‑
science). The stained cells were analyzed with 
a FACS Calibur instrument (Becton Dickinson, 
Shanghai, China).

Enzyme -linked immunosorbent assay (ELIsA)  
A blood sample (5 ml) was centrifuged at 2000 g 
for 15 min at 4 °C within 2 hours of collection. 
Subsequently, the obtained plasma was aliquot‑
ed into 500 ‑μl straws and immediately stored 
at –80 °C prior to further analysis. Serum levels 
of IL ‑17, IL ‑6, IL ‑23, matrix metallopeptidase 9, 
procollagen type I , and procollagen type III were 
determined using a commercial biotin / avidin‑
‑based ELISA kits (eBiosciences).

Intra- and interobserver variability A single observ‑
er analyzed all imaging data twice in random or‑
der separated by an interval of 1 month to test 
intraobserver variability. A second observer an‑
alyzed the data without knowledge of the results 
of the first observer to test interobserver variabil‑
ity. Inter‑ and intraobserver variability for LVDF 
parameters were described in Supplementary ma‑
terial, Table S1. The variability of all LVDF param‑
eters was less than 7%.

contributed to myocardial fibrosis, elevated fill‑
ing pressure, increased diastolic stiffness, and re‑
duced distensibility, which could trigger left ven‑
tricular hypertrophy (LVH) and remodeling, and 
subsequently, left ventricular diastolic dysfunc‑
tion (LVDD) appeared with further progression 
of heart disease.

In the present study, we aimed to investigate 
the relationship between TH17 cell differentia‑
tion and cardiac remodeling in adults with hy‑
pertension. Moreover, we also identified the ef‑
fect of TH17 responses on the prognosis of hyper‑
tensive patients.

PATIENTs ANd mEThOds study population  
A total of 187 consecutive patients who were di‑
agnosed with essential hypertension and never 
received regular antihypertensive therapy, and 70 
healthy adults (matched for age and sex) admit‑
ted to a health examination center at the same 
time were enrolled in the present study. All pa‑
tients had preserved left ventricular ejection frac‑
tion (LVEF; >55%). The exclusion criteria were as 
follows: coronary artery disease, diabetes melli‑
tus, valvular heart disease, hypertrophic cardio‑
myopathy, and renal disease.

Based on left ventricular mass index (LVMI),8 
hypertensive patients were assigned into 2 
groups. Left ventricular hypertrophy (LVH) 
was defined as LVMI greater than 125 g/m2 in 
men and LVMI greater than 110 g/m2 in women. 
Those without LVH constituted the NLVH group. 
The images of echocardiography of the control, 
NLVH, and LVH groups are presented in Supple‑
mentary material, Figure S1.

Follow -up Blood specimens were obtained 
from all participants at baseline. All patients 
underwent routine echocardiography at base‑
line and after 24 months of follow ‑up. Hyper‑
tensive patients were regularly followed ‑up 
at 3, 6, 9, 12, 18, and 24 months by both clini‑
cal visits and telephone calls for the occurrence 
of the primary endpoint (FIGuRE 1). The primary 
endpoint included new ‑onset angina pectoris, 
new ‑onset arrhythmia, myocardial infarction, 
myocardial ischemia, new ‑onset heart failure, 
and all ‑cause mortality. As this was an obser‑
vational study, the diagnostic procedures and 
treatment were not assessed.

whAT’s NEw?

In the present study, we demonstrated that type 17 helper T (TH17) cell 
responses were indispensable for hypertension ‑induced pressure overload, 
which contributed to cardiac hypertrophy and remodeling, and high propor‑
tion of TH17 cells could be used as a potential inflammatory marker to reflect 
myocardial fibrosis in hypertensive patients. Moreover, TH17 responses could 
be used as an independent predictor of left ventricular diastolic function in 
the development of hypertensive structural heart disease.
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Moreover, the analysis of ROC curves was also 
conducted. The optimal prognostic cutoff (non‑
parametric method) of percentage of TH17 was 
derived from the AUC assessed at baseline. We 
used the Youden index for best sensitivity and 
specificity values. The optimal cutoff was calcu‑
lated as sensitivity + specificity – 1. The indepen‑
dent effect of TH17 on LVH occurrence, after con‑
trolling for baseline clinical characteristics and 
echocardiographic parameters (adopted factors: 
sex, body surface area, body mass index, heart 
rate, hyperlipidemia, smoking, systolic blood 

statistical analysis Descriptive data were ex‑
pressed as means (SD) or as medians with in‑
terquartile ranges in case of skewed distribu‑
tion. Categorical variables were expressed as 
numbers (percentages). Continuous variables 
were analyzed using analysis of variance (ANO‑
VA) or the Mann–Whitney test as appropri‑
ate. When a significant difference was found in 
ANOVA, multiple comparisons were made us‑
ing the Bonferroni procedure with type I error 
adjustment. The Pearson correlation test was 
adopted to investigate bivariate correlations. 

FIGuRE 1  Flow chart showing the enrollment protocol 
Abbreviations: LVDD, left ventricular diastolic dysfunction; LVH, left ventricular hypertrophy; LVMI, left ventricular mass index

158 completed 24‑month follow‑up
Assess the echocardiographic grades of LVDD again

Evaluate the prognosis of hypertensive patients

161 completed 18‑month follow‑up

164 completed 12‑month follow‑up

170 completed 9‑month follow‑up

177 completed 6‑month follow‑up

181 completed 3‑month follow‑up

Healthy adults (n = 70) Adults with hypertension (n = 187)

Blood samples Echocardiography Assess LVMI of hypertensive patients

Hypertensive patients with LVH (n = 96)

Assess the echocardiographic grades of LVDD

Hypertensive patients without LVH (n = 91)
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REsuLTs Patient characteristics and echocardio-
graphic variables The baseline clinical and echo‑
cardiographic characteristics of all participants 
are presented in TAbLE 1. Hypertensive patients 
were assigned into 2 groups according to LVMI: 
LVH group (n = 96) and NLVH group (n = 91). 
The control group was compared with the NLVH 
group and LVH group, respectively. SBP, left atri‑
al diameter, the interventricular septal thick‑
ness at the end of diastole, thickness of the pos‑
terior left ventricular wall at the end of diastole, 
Ar–A duration, A, and E/A of the NLVH and LVH 
groups were different from the control group. 
The pattern in SBP, left atrial diameter, Ar–A 
duration of the control, NLVH, and LVH groups 
could be ranked as follows: LVH group, NLVH 
group, control group. The E/A was the maximal, 
and the A value was the minimum in the control 
group. Left atrial volume index, TRmax, average 
E/e’, val ∆E/A showed higher levels in the LVH 
group when compared with the NLVH group 
and the control group (Supplementary materi‑
al, Table S2).

pressure [SBP], left ventricular end ‑diastolic vol‑
ume, LVEF, TRmax, average E/E’, E wave deceler‑
ation time, E, A, E/A, val ∆E/A, Ar–A duration, 
TH17 cells) was assessed via logistic regression 
analysis. The χ2 was used to compare frequen‑
cies of the normal LVDF between ‑groups com‑
parisons. Survival curves for the primary end‑
point as a function over time were obtained us‑
ing the Kaplan–Meier method and compared us‑
ing the log ‑rank statistic. Cox regression analy‑
sis was used to assess the correlations between 
TH17 cells and the considered primary endpoint, 
baseline clinical and echocardiographic values 
were used as adjustment variables. All assays 
were conducted using the SPSS software, version 
11.5 (Chicago, Illinois, United States). A P val‑
ue of less than 0.05 was considered statistical‑
ly significant.

Ethics Informed consent was obtained from ev‑
ery participant, and the study was approved by 
the Ethics Committee of Affiliated Hospital of Ji‑
angsu University.

TAbLE 1 Baseline characteristics of study patients

Characteristic Control (n = 70) NLVH (n = 96) LVH (n = 91)

Male sex, n (%) 43 (61) 58 (60) 56 (62)

BSA, m2, mean (SD) 1.79 (0.4) 1.81 (0.1) 1.76 (0.2)

BMI, kg/m2, mean (SD) 22.5 (2.1) 22.3 (2.7) 22.1 (1.9)

Heart rate, bpm, mean (SD) 66 (13) 68 (12) 67 (13)

Hyperlipidemia, n (%) 11 (16) 19 (20) 15 (16)

Smoking, n (%) 16 (23) 23 (24) 19 (21)

SBP, mm Hg, mean (SD) 121 (13) 137 (17) 151 (14)

DBP, mm Hg, mean (SD) 76 (9) 77 (11) 80 (10)

LAD, mm, mean (SD) 34 (3) 38 (4) 41 (5)

IVSD, mm, mean (SD) 8.9 (1.1) 9.2 (0.4) 11.6 (1.4)

LVPWD, mm, mean (SD) 8.7 (0.8) 9.1 (0.6) 11.9 (1.6)

LVEDV, ml, mean (SD) 79 (16) 81 (11) 82 (14)

LVESV, ml, mean (SD) 31 (7) 32 (12) 32 (8)

LVEF, %, mean (SD) 66 (3) 65 (8) 66 (5)

LAVI, ml/m2, mean (SD) 25 (5) 25 (7) 34 (8)

TR max, cm/s, mean (SD) 238 (27) 240 (33) 269 (35)

Average E/e’, median (IQR) 10.3 (10–18.9) 11.2 (11–19.6) 15.9 (10.3–19.8)

DT, cm/s, mean (SD) 203 (32) 206 (37) 207 (42)

E, m/s, mean (SD) 0.82 (0.13) 0.84 (0.15) 0.76 (0.11)

A, m/s, mean (SD) 0.41 (0.04) 0.53 (0.07) 0.87 (0.08)

E/A, median (IQR) 2.13 (1.56–2.91) 1.76 (1.02–2.32) 1.31 (0.67–1.93)

val ∆E/A, median (IQR) 0.41 (0.3–0.65) 0.40 (0.32–0.61) 0.81 (0.46–1.02)

Ar ‑A duration, ms, median (IQR) 9 (6–19) 18 (11–31) 30 (18–43)

Abbreviations: A, peak velocity during late diastole of anterior mitral leaflet; Ar–A duration, duration of pulmonary 
vein flow and mitral inflow during atrial contraction; BSA, body surface area; BMI, body mass index; DBP, diastolic 
blood pressure; DT, E wave deceleration time; E, peak velocity during early diastole of anterior mitral leaflet; 
e’, Tissue Doppler velocities in early diastole; IVSD, interventricular septal thickness in end ‑diastolic period; 
IQR, interquartile range; LAD, left atrial diameter; LAEF, left atrial emptying fraction; LAVI, left atrial volume index; 
LVEDV, left ventricular end ‑diastolic volume; LVEF, left ventricular ejection fraction; LVESV, left ventricular end‑
‑systolic volume; LVPWD, left ventricular posterior wall thickness in end ‑diastolic period; NLVH, patients without left 
ventricular hypertrophy; SBP, systolic blood pressure; TR max, peak tricuspid regurgitation velocity; 
val ∆E/A, change in E/A with Valsalva maneuver; others, see FIGuRE 1
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higher circulating Th17 cell percentages in adults 
with hypertension We measured the percentage 
of TH17 cells and serum TH17 ‑related cytokines 
(IL ‑17, IL ‑6, and IL ‑23) in patients at baseline. 
A higher TH17 expression was observed in hyper‑
tensive patients when compared with the con‑
trol group, and the percentage of TH17 cells was 
significantly higher in the LVH group compared 
with the NLVH group (FIGuRE 2A and 2b). Using 
ROC curves, we observed that TH17 differentia‑
tion (AUC, 0.943; 95% CI, 0.914–0.971; P <0.001) 
showed a significant AUC (FIGuRE 2C), and the cut‑
off value was 2.3%. On logistic regression anal‑
ysis, the percentage of TH17 cells was an inde‑
pendent predictor of LVH (odds ratio [OR], 1.47, 
95% CI, 2.23–2.28; P = 0.005). Factors associat‑
ed with LVH in hypertensive patients are depict‑
ed in Supplementary material, Table S3. Univari‑
able logistic regression analysis showed that SBP, 
TRmax, average E/e’, A, E/A, val ∆E/A, Ar–A du‑
ration, TH17 cells were significantly associated 
with LVH. Multivariable logistic regression anal‑
ysis showed that SBP and TH17 cells were inde‑
pendent predictors of LVH in hypertensive pa‑
tients, after adjusting for potential confounders.

We observed that the  levels of IL ‑17 and 
IL ‑6 in the LVH group were higher in hyperten‑
sive patients compared with the control group, 
and the  levels of IL ‑17 and IL ‑6 in the LVH 
group were significantly higher compared with 
the NLVH group (P <0.001). There was no differ‑
ence in the levels of IL ‑23 among the 3 groups 
(FIGuRE 2d).

Relationship between Th17 cells and fibrotic parame-
ters We analyzed the correlations between TH17 
cells and fibrotic parameters in hypertensive pa‑
tients at baseline. The proportion of TH17 cells 
was positively associated with the levels of matrix 

FIGuRE 2  Type 17 helper T (TH17) cell differentiation in 
the study groups. A, b – flow cytometric analysis of TH17 
cells; C – receiver operating characteristic curve for 
the prediction of left ventricular hypertrophy using TH17 
cell differentiation; d – expression of interleukin (IL) 17, 
IL ‑6, and IL ‑23 in the study groups.  
a P <0.05  
Abbreviations: AUC, area under the receiver operating 
characteristic curve; others, see FIGuRE 1 and TAbLE 1

0.23  0.91  3.37  

IL
-1

7
 

CD4 

Control NLVH LVH 
 

A

0

20

IL-17 IL-6 IL-23

40

60

80

100

a

a

aa

a

Control group

a

*P <0.001

Pl
as

m
a 

le
ve

ls
 o

f c
yt

ok
in

es
, p

g/
m

l LVH group

NLVH group
d

0
0

20

20

40

40

60

60

80

80

100

100

Se
ns

iti
vi

ty
, %

1-Specificity, %

AUC = 0.943
95% CI = 0.914–0.971
P <0.001

C

0
Control NLVH LVH

1

2

3

4

5

P <0.001 P <0.001

P <0.001

IL
17

+
/C

D4
+

 c
el

ls
, %

b



POLISH ARCHIVES OF INTERNAL MEDICINE 2021; 131 (3)262

Even in asymptomatic patients, the 3 ‑to ‑5‑year 
mortality rate of patients with grade I LVDD is 
5 ‑fold higher than that of patients with nor‑
mal diastolic function.9 We compared the pro‑
portion of patients with normal LVDF in differ‑
ent groups at baseline and after 24 ‑months of 
follow ‑up. We observed that the proportion of 
patients with normal LVDF in the <2.3% group 
was higher compared with the patients in the 
≥2.3% group at baseline (P <0.001). At 24 ‑month 
follow ‑up, the proportion of patients with nor‑
mal LVDF changed from 49% to 64% (P = 0.03) 
in the <2.3% group, and when compared with 
the <2.3% group, the proportion gap was further 
widened (P <0.001). However, the proportion of 
patients with normal LVDF in the ≥2.3% group 
had no significant improvement at 24 ‑month 
follow ‑up (FIGuRE 4A and 4b).

During the follow ‑up period of 24 months, 29 
patients (15%) met the composite primary end‑
point. The higher percentage of TH17 cells (≥2.3%) 
was associated with a higher probability of the pri‑
mary endpoint in unadjusted analysis (P <0.001). 
Importantly, the percentage of TH17 cells was also 
significantly associated with an increased risk of 
the primary endpoint after multivariable adjust‑
ment for LVMI, LVH, and baseline clinical char‑
acteristics (P = 0.003, hazard ratio, 1.52; 95% CI, 
1.02–1.87). The higher the percentage of TH17 
cells, the poorer the prognosis (FIGuRE 4C).

dIsCussION In the present study, we demon‑
strated that TH17 responses were indispensable 
for hypertension ‑induced PO, which contribut‑
ed to cardiac hypertrophy and remodeling, and 
a high percentage of TH17 cells could be used as 
a potential inflammatory marker to reflect myo‑
cardial fibrosis in hypertensive patients. More‑
over, TH17 responses could be used as an inde‑
pendent predictor of LVDF in the development 
of hypertensive structural heart disease.

Hypertension ‑induced chronic inflammation 
activation and infiltration into LV negatively con‑
tributed to the progression of myocardial dys‑
function through myocardial fibrosis, LVH, and 
remodeling. TH17 responses have been identified 
as a new prognostic biomarker of cardiac abnor‑
malities that can promote stiffness of arteries 
and fibrosis in the myocardium, playing a crit‑
ical role in cardiac remodeling.10-12 Consistent 
with previous studies, our results demonstrat‑
ed that the percentage of TH17 cells was signifi‑
cantly higher in patients with LVH, and strong‑
ly correlated with fibrotic parameters in hyper‑
tensive patients.

TH17 responses trigger early ‑phase ventricular 
remodeling as demonstrated by higher expres‑
sions of fibrosis ‑related cytokines, interstitial 
fibrosis, and microvascular endothelial dysfunc‑
tion. Then, TH17 responses aggravate late ‑phase 
ventricular remodeling as presented by ventric‑
ular fibrosis and apoptosis, impair ventricular re‑
laxation, and lead to cardiac dysfunction.12,13 In‑
creasing evidence has linked TH17 responses with 

metallopeptidase 9 (r = 0.35; P <0.001), procolla‑
gen type I (r = 0.19; P = 0.008), and procollagen 
type III (r = 0.18; P = 0.01) (FIGuRE 3).

Assessment of the prognosis of hypertensive patients  
According to the cutoff value of the percentage 
of TH17 cells, hypertensive patients were divid‑
ed into 2 groups: those with the cutoff of less 
than 2.3% (the <2.3% group; n = 101) and those 
with the cutoff of 2.3% and greater (the ≥2.3% 
group; n = 86). Based on the antihypertensive 
therapy, we reevaluated the LVDF at 24 ‑month 
follow ‑up.

FIGuRE 3  Association of helper T 17 (TH17) cell differentiation with fibrosis parameters 
in adults. A – correlation between the proportion of TH17 cells and matrix metallopeptidase 
9 (MMP ‑9); b – correlation between the proportion of TH17 cells and procollagen type I; 
C – correlation between the proportion of TH17 cells and procollagen type III 
Abbreviations: see FIGuRE 2
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FIGuRE 4   
The prognostic impact of 
T helper 17 (TH17) cell 
differentiation in adults 
with hypertension. 
A – left ventricular 
diastolic function 
at baseline and at last 
follow ‑up; b – normal left 
ventricular diastolic 
function at baseline and 
at last follow ‑up; 
C – survival analysis 
according to 
the proportion of TH17 
cells. Kaplan–Meier 
event ‑free rates of 
the adverse cardiac 
events and all ‑cause 
mortality. 
Abbreviations: LVDF, left 
ventricular diastolic 
function; others, see 
FIGuRE 1
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myocardial fibrosis. Moreover, the differentia‑
tion of TH17 cells could be a potential inflamma‑
tory marker to predict the prognosis of hyper‑
tensive patients.
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myocardial fibrosis in hypertensive structural 
heart disease,14,15 and here, we showed that acti‑
vation of TH17 responses could promote the ex‑
pression of fibrosis ‑related cytokines in the pro‑
gression of ventricular remodeling. In this way, 
a malignant circle was created in hypertension‑
‑induced PO, which contributed to cardiac hy‑
pertrophy and remodeling. If we could intervene 
at the early ‑phase of ventricular remodeling, the 
cardiac abnormalities might be reversed. Other‑
wise, systolic and diastolic dysfunctions and ad‑
verse cardiovascular events would happen.

TH17 responses induces hypertension in 
a  rat model when the  disease aggravates,16 
hypertension ‑induced PO causes several chang‑
es in hemodynamics, and the fluid shear stress 
stimulates a systemic inflammatory state in the 
circulation. Our study also showed coherent re‑
lationships between hypertension ‑induced PO, 
TH17 responses, and TH17 ‑related cytokines in 
the immune systems. Therefore, systemic inflam‑
mation occurs before myocardial fibrosis, and 
the increased percentage of TH17 cells is observed 
before a higher expression of fibrosis ‑related cy‑
tokines. In the initiation of cardiac disorder, di‑
astolic dysfunction usually appears first, and it 
contributes to the adverse clinical outcome.17-19 
In this study, we found that the differentiation 
of TH17 cells was strongly correlated with the lev‑
els of fibrosis ‑related cytokines in hypertensive 
patients, indicating that TH17 responses played 
a profibrotic role in promoting myocardial fibrosis 
and LV remodeling, eventually leading to LVDD.

Left ventricular hyperthrophy and remodel‑
ing were identified as important contributors to 
high myocardial diastolic stiffness, especially in 
LVDD. Based on the above ‑mentioned data, we 
hypothesized that TH17 responses induced LV re‑
modeling, and thus regulated LVDF in hyperten‑
sive structural heart disease.

According to the cutoff value of the percent‑
age of TH17 cells, the higher percentage of TH17 
cells was dramatically associated with poor prog‑
nosis, suggesting its effect on the development 
of myocardial fibrosis, and irreversible ventricu‑
lar remodeling. Therefore, TH17 responses were 
a critical factor affecting cardiac hypertrophy and 
remodeling in hypertensive patients, and it could 
be used as a more reliable diagnostic indicator for 
prognosis of hypertension ‑induced PO.

However, this study is a single ‑center trail, and 
the sample size was relatively small. Therefore, it 
is necessary to carry out further studies with larg‑
er sample size and multicenter trails. Second, in 
the present study, we demonstrated that TH17 re‑
sponses induced cardiac hypertrophy and remod‑
eling in essential hypertension. However, the un‑
derlying molecular mechanism remains largely un‑
explored. Further investigation on the molecular 
mechanisms is still ongoing.

Collectively, the differentiation of TH17 cells 
reflected cardiac hypertrophy and remodeling 
response to hypertension ‑induced PO, and con‑
tributed to LVDD by chronic inflammation and 
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