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adopted to analyze the risk factors for HTH. RStudio was employed to construct the nomo-
gram model, receiver operating characteristic (ROC) curve, and calibration curve (bootstrap
self-sampling 200 times), and clinical decision curve were drawn to evaluate the model’s dis-
crimination and clinical effectiveness.

Results A total of 168 hospitalized patients with essential hypertension were selected and di-
vided into non-HTH group (n = 29) and HTH group (n = 139). Compared with non-HTH
group, HTH group had a lower body mass index (BMI), and higher proportions of male pa-
tients and drinkers (P < 0.05). The ventricular wall thickening (VWT) could not be deter-
mined. The proportions of left common carotid intima-media wall thickness (LCCIMWT) and
serum creatinine (SCR) were higher in HTH group (P < 0.05). The pulse diagram parameter As
was significantly higher, and H4/H1 and T1/T were lower in HTH group (P < 0.05). Gender, al-
cohol consumption, serum creatinine, and the pulse diagram parameter H4/H1 were identi-
fied as independent risk factors for HTH (P < 0.05). The nomogram’s area under the ROC
curve (AUC) was 0.795 [95% confidence interval (CI): (0.706 6, 0.882 8)], with a specificity of
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tion curve showed that the simulated curve fits well with the actual curve (x* = 9.5002, P =
0.301 9). The clinical decision curve indicated that the nomogram’s applicability was optimal
when the threshold for predicting HTH was between 0.38 and 1.00.
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1 Introduction

Hypertension, a globally prevalent chronic condition,
represents a significant risk factor for cardiovascular and
cerebrovascular diseases. In China, the prevalence of hy-
pertension stands at a relatively high level, reaching
31.6% (1. Homocysteine, a sulfur-containing amino acid
intermediate [plasma homocysteine (Hcy)], is of particu-
lar interest. Hyperhomocysteinemia, recognized as an in-
dependent risk factor for atherosclerosis, is closely relat-
ed to cardiovascular and cerebrovascular disorders .
Hypertension accompanied by hyperhomocysteinemia,
also known as homocysteine-type (H-type) hypertension
(HTH), significantly increases the onset risk of cardiovas-
cular and cerebrovascular disorders due to the synergis-
tic effect of both conditions .. Studies have shown that
three-quarters of hypertension cases in China are HTH 1?1,
Traditional Chinese medicine (TCM) employs the
four diagnostic methods as the foundation for syndrome
differentiation and treatment. Pulse diagnosis, a unique
clinical diagnostic method in TCM, has advanced in par-
allel with the development of various pulse diagnosis in-
struments. Time domain analysis of pulse diagram pa-
rameters is widely used in relevant research. Study has
shown that pulse patterns in hypertensive patients are
correlated with their cardiovascular status . Elevated
homocysteine levels are associated with vascular en-
dothelial injury, and pulse diagnosis techniques can de-
tect the degree of vascular injury and hardening. Howev-
er, there is currently a lack of systematic research explor-
ing the diagnostic value of pulse diagnosis in evaluating
Hcy-related vascular injury, highlighting the urgent need
for further investigation in this field. Thus, the correla-
tion between pulse diagram parameters and vascular
function in patients with HTH calls for further explo-
ration. This study aims to construct a risk prediction
nomogram model for HTH based on pulse diagram pa-
rameters through retrospective analysis, furnishing a
TCM-based reference for the prevention and treatment.

2 Materials and methods
2.1 Study participants

Patients with essential hypertension, admitted to
Shuguang Hospital Affiliated to Shanghai University of
Traditional Chinese Medicine, Shanghai Hospital of
Traditional Chinese Medicine, and Shanghai Hospital of
Integrated Traditional Chinese and Western Medicine
from July 6th 2020 to June 16th 2021, and from August
11th 2023 to January 22nd 2024, were enrolled in this
retrospective study. The study was conducted in accor-
dance with the Declaration of Helsinki and was appro-
ved by the Medical Ethics Committee of Shanghai Uni-
versity of Traditional Chinese Medicine (2023-3-10-08-
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08), and informed consent was obtained from all partici-
pants.

2.2 Diagnostic criteria

2.2.1 Essential hypertension The diagnostic criteria for
essential hypertension were based on 2018 Chinese
Guidelines for the Management of Hypertension (Re-
vised Edition) [\,

2.2.2 HTH According to clinical Hcy levels, patients
were divided into HTH group (Hcy = 10 pmol/L) and
non-HTH group (Hcy < 10 pmol/L) ¥,

2.3 Inclusion and exclusion criteria

2.3.1 Inclusion criteria (i) Patients aged 22 — 85 years.
(ii) Patients with symptoms meeting the diagnostic crite-
ria of essential hypertension. (iii) Patients who voluntari-
ly consented to participate in the study and signed the in-
formed consent form.

2.3.2 Exclusion criteria (i) Patients with secondary hy-
pertension. (ii) Patients with congenital heart disease,
pulmonary heart disease, or pleural effusion. (iii) Pa-
tients with severe hepatic or renal dysfunction. (iv) Pa-
tients with pregnancy. (v) Patients with mental illness or
dementia. (vi) Patients with malignant tumors. (vii) Pa-
tients with incomplete medical records or clinically col-
lected indexes.

2.4 Data collection and measurement

2.4.1 Clinical data The common risk factors of hyper-
tension were identified according to 2018 Chinese Guide-
lines for the Management of Hypertension (Revised Edi-
tion) [". Patients’ baseline characteristics including gen-
der, age, body mass index (BMI), smoking, alcohol con-
sumption, the blood pressure index, blood biochemical
index, and ultrasound index were recorded. Data on left
ventricular hypertrophy (LVH), left ventricular internal
diameter enlargement (LVIDE), ventricular wall thicken-
ing (VWT), ejection fraction (EF), left ventricular end-di-
astolic diameter (LVEDD), interventricular septal thick-
ness (IST), left ventricular posterior wall thickness
(LVPWT), left ventricular mass index (LVMI), arterial
plaque (AP), left common carotid diameter (LCCD), left
common carotid intima-media wall thickness (LC-
CIMWT), left common carotid peak systolic flow velocity
(LCCPSFV), and left common carotid resistance index
(LCCRI) were included. Blood biochemical indicators in-
cluding triglyceride (TG), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), serum uric acid (SUA), serum creatinine (SCR),
serum urea (SU), glycosylated hemoglobin (GHB), Hcy,
and albumin (ALB) were identified.
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2.4.2 Collection of pulse diagram parameters The
SMART-I TCM pulse instrument was used to collect pulse
information from the patient’s left hand. Each patient
rested for at least 5 min before the examination in a re-
laxed sitting or lying position. During collection, the left
forearm was kept level with the heart, relaxed with the
palm up and fingers slightly curled. A pulse pillow was
placed under the patient’s wrist to help them relax. The
pressure sensor was fine-tuned to find the optimal pulse-
taking location and pressure, then 60 s of data were col-
lected for pulse diagram parameter analysis.

2.4.3 Time domain parameters of the pulse diagram
The SMART-I TCM pulse instrument automatically ana-
lyzed pulse time domain parameters, including H1, H3,
H4, H5, T1, T4, T5, T, W1, W2, As, Ad, As/Ad, H3/H]1,
H4/H1, H5/H1, T1/T, T1/T4, T5/T4, W1/T, and W2/T 1"
(Figure 1).

hm (m)

H5

t(s)

T

Figure 1 One representative cycle of a pulse waveform
and time domain parameters of the pulse diagram

2.5 Statistical methods

Data were entered into Excel 2013 and analyzed using
SPSS 25.0 with a two-person entry verification method.
Data of basic information, such as age, gender, and BM],
were analyzed. The next step was a univariate analysis.
Since the measurement data did not meet the normality
and homogeneity of variance, the non-parametric rank
sum test (Mann-Whitney U test) was used for inter-group
comparison and represented by median (Q1, Q3). The
counting data were expressed as the number of cases n
(%), and the Chi-square test was applied for inter-group
comparison. Differences were considered statistically
significant with P < 0.05, from which statistical variables
were screened. In multivariate logistic regression analy-
sis (backward stepwise), the dependent variable was HTH
(yes = 1, no = 0), and the statistically significant physical
and chemical indexes and pulse diagram parameters
from the previous analysis were used as independent
variables. According to World Health Organization
(WHO) classification, BMI was divided into three groups:
1 [underweight (< 18.5)], 2 [normal (18.5 - 24.9)], and 3

Siman WANG, et al. / Digital Chinese Medicine 8 (2025) 174-182

[overweight (= 25.0)]. The remaining continuous vari-
ables were classified into three grades using the SPSS vi-
sual split box. The graded variables were converted into
dummy variables, and compared with the first grade to
identify risk factors independently associated with HTH.
The pulse diagram parameters independently associated
with HTH were identified. Logistic regression model was
adopted to generate a nomogram model based on the risk
factors and pulse diagram parameters in RStudio. The
bootstrap method was employed for repeated sampling
200 times. The receiver operating characteristic (ROC)
curve was used to evaluate the model’s discrimination.
The Hosmer-Lemeshow goodness-of-fit test was used to
evaluate the model’s calibration, and the decision analy-
sis curve was adopted to evaluate the clinical practicabili-
ty of the model.

3 Results
3.1 Comparison of the general information

A total of 526 patients were enrolled initially. After ex-
cluding 358 patients with incomplete medical records
and missing physical and chemical indexes, 168 patients
were finally enrolled in the study, with 80 male patients
and 88 female patients. These patients were divided into
HTH group (n = 139) and non-HTH group (n = 29)
(Figure 2).

Patients with essential hypertension
collected from
2020.07.06 - 2021.06.16
2023.08.11 - 2024.01.22
n=526

Exclusion criteria
(1) Hypertensives with congenital heart disease,
pulmonary heart disease and pleural effusion;
(2) Hypertensives with severe hepatic and renal
dysfunction;

(3) Hypertensives who are pregnant, mentally ill,
and have malignant tumor or dementia;
(4) Patients with incomplete medical
Records and indexes
n=358

Inclusion
n=168

Non-HTH group

HTH group
n=29

n=139

Figure 2 Flow diagram of the inclusion process of study
subjects

There were no significant differences between HTH
and non-HTH groups in age, smoking status, LVH,
LVIDE, EF, LVEDD, IST, LVPWT, AP, LCCD, LCCPSFV,
LCCRI, TG, HDL-C, LDL-C, SUA, SU, GHB, and ALB
(P > 0.05). Compared with non-HTH group, HTH group
had a lower BMI and higher proportions of males and
drinkers (P < 0.05). In HTH group, VWT (no), and the val-
ues of LCCIMWT and SCR were significantly higher (P <
0.05) (Table 1).
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Table 1 Analysis of the baseline data and general data of HTH and non-HTH groups
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Gender [n (%)]

Group ()I:Eg:i‘) BMI (kg/m?) Male Female (II::;) L(‘lllll)r‘:)T EF (%) L(‘I]IIEII]:;)
Non-HTH 67 27.34 9(31)  20(69) 10(9, 10) 10(9, 10) 66 (61, 67) 49 (47,51)
(59,73.5)  (23.06, 30.39)
HTH (656,973) (22, gé'z(;_z?) (571%1) ( 4(;?9) 10(9, 10) 10(9, 10) 65 (62, 69) 49 (45, 52)
Z/Xtvalue Z=-0983 Z=-2.05 X =3.865a Z=-0.942 Z=-1485 Z=-085 Z=-0.474
Pvalue 0.325 0.040 0.049 0.346 0.138 0.395 0.636
Smoking confsl:l:lor?l:)tlion
Group [n (%)] [ (%)] (erlgg LC(?IIIII‘I":)NT L?CCHI:/SSI;V LCCRI
Yes No Yes No
Non-HTH  8(27.6) 21(724)  6(20.7) 23(79.3) 6.9(64,7.5)  0.8(0.7,09) 67 (57.5,85.5) 0.73(0.665,0.79)
HTH 65(46.8)  74(53.2)  63(45.3) 76(547) 6.8(6.3,7.5) 0.8(0.7,1) 68(51,79)  0.75(0.7,0.78)
Z/X* value X*=3.591a X*=6.016a Z=-024 Z=-2157 Z=-1.09 Z=-1.398
Pvalue 0.058 0.014 0.811 0.031 0.273 0.162
Group LVH [n (%)] LVIDE [n (%)] TG HDL-C LDL-C SUA
Yes No Yes No (mmol/L) (mmol/L) (mmol/L) (pmol/L)
Non-HTH 11(37.9)  18(62.1)  11(37.9) 18(621) 1.59(1,2.255) 1.12(0.9, 1.34) (1.735?;27) (24 43.’;1399'(1)'35)
HTH 44(317)  95(683)  44(3L7) 95(68.3) 137(1.07,1.88) 1.03(0.9,1.26) 2.56 348.6
(1.93,331) (2785, 421.2)
Z/X? value X*=0.429a X*=0.429a Z=-0.789 Z=-0544 Z=-0.048 Z=-1.419
Pvalue 0.512 0.512 0.430 0.587 0.962 0.156
VWT [n (% AP [n (%

Group Yos [n( 1\110 Yes [n( )1\]To (p:l((:):{/L) (mnslgl /L) GHB (%) ALB (g/L)
Non-HTH  7(24.1) 22(75.9)  17(58.6) 12(41.4) 62(54.7,70.3) 5.2(4.11,6.345) 6(5.45,6.5)  40(38.3,42.75)
HTH 13(9.4)  126(90.6)  91(65.5) 48(34.5) 71(60,86.6)  5.6(4.7,69)  59(5.56.7)  40.4(37,43.7)
Z/X* value X2=5.001a X2 =0.490a Z=-2984 Z=-1.393 Z=-0.246 Z=-0.162
Pvalue 0.025 0.484 0.003 0.163 0.806 0.872

a, the regression coefficient, the weight of influence on a variable.

3.2 Comparison of the pulse diagram parameters be-

tween HTH and non-HTH groups

The pulse diagram parameter As in HTH group were sig-
nificantly higher than those in non-HTH group (P < 0.05).
Additionally, the pulse diagram parameters H4/H1 and
T1/T in HTH group were lower than those in non-HTH
group (P < 0.05) (Table 2). There were no significant dif-
ferences between HTH and non-HTH groups in H1, H3,
H4, H5, T1, T4, T5, T, W1, W2, Ad, As/Ad, H3/H1, H5/H1,

T1/T4, T5/T4, W1/T, or W2/T (P> 0.5).

3.3 Multivariate logistic regression analysis

The results showed that gender and alcohol consump-

Figure 3).

Table 2 Comparison of the pulse diagram parameters of HTH and non-HTH groups

tion were independent risk factors for HTH. In the classi-
fication of H4/H1, grade 3 was a protective factor against
HTH compared with grade 1 (OR = 0.198, P < 0.05), while
grade 2 was not statistically significant compared with
grade 1 (P > 0.05). For SCR, the incidence of HTH for
grade 3 was 8.077 times higher than for grade 1 (OR =
8.077, P < 0.05), while grade 2 was not statistically signifi-
cant compared with grade 1 (P > 0.05) (Table 3 and

Group H4/H1 As T1/T
Non-HTH 0.42 (0.35, 0.51) 140412 (72125.55, 264 732.94) 0.18 (0.16, 0.20)
HTH 0.38 (0.29, 0.44) 233104 (91972.7, 332324) 0.17(0.15, 0.19)
Zvalue -2.172 —2.042 -1.977
Pvalue 0.030 0.041 0.048
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Table 3 Multivariate logistic regression analysis for risk factors of HTH

Factor Alcohol consumption [BMIWHO]2 [BMIWHO]3 TVW
B 2.787 —-0.045 -1.160 —-1.036
SE 1.00089 1.27128 1.24647 0.60821
OR 16.228 0.956 0.313 0.355
95% CI 16.220 (2.272 - 125.4) 0.956 (0.040 - 8.991) 0.313 (0.013 - 2.697) 0.354 (0.107 - 1.199)
Zvalue 2.784 -0.035 -0.931 -1.703
Pvalue 0.005 0.972 0.352 0.089
Factor [SCR]2 [SCR]3 [H4/H1]2 [H4/H1]3 Gender
B 0.445 2.089 -0.823 -1.618 2.410
SE 0.52894 0.77945 0.6516 6 0.63891 0.999 6
OR 1.560 8.077 0.439 0.198 11.134
95% CI 1.560 (0.559 - 4.531) 8.077 (1.978 - 45.08) 0.439 (0.112 - 1.515) 0.198 (0.051 - 0.652) 11.130 (1.569 - 86.81)
Zvalue 0.841 2.680 -1.263 -2.532 2411
Pvalue 0.400 0.007 0.206 0.011 0.016

B represents the regression coefficient, and SE is the standard error. [BMIWHO]2, [BMIWHO]3, [SCR]2, [SCR]3, [H4/H1]2, and
[H4/H1]3 are transformed grading variables, referring to the Section 2.5 for further details.

Variable OR (95% CI) P value
Gender —— 11.13(1.569-86.81) 0.016
Wine — 16.22(2.272-125.4) 0.005
[BMIWHO]2 ——————————————» 0.956 (0.041-8.991) 0.972
[BMIWHO]3 -li— 0.313 (0.014-2.698) 0.352
VW i—1 0.355(0.107-1.199) 0.089
[SCR]2 -1 1.56 (0.559-4.532)  0.400
[SCRI3 — > 8.077(1.978-45.08) 0.007
[H4H1]2 ——— 0.439 (0.112-1.516)  0.206
[H4HI]3 W— 0.198 (0.051-0.653) 0.011

Figure 3 Forest plot of multifactor logistic regression
analysis for risk factors of HTH

3.4 Establishment and evaluation of the nomogram model

A nomogram model was constructed based on indepen-
dent predictors (gender, alcohol consumption, BMI, SCR,
and H4/H1) identified by multivariate logistic regression
analysis (Figure 4). Each variable’s influence on the out-
come variable was quantified in the nomogram model:
gender (level 1 = 0 points, level 2 = 86 points), alcohol
consumption (level 1 = 100 points), SCR (level 1 = 0
points, level 2 = 16 points, level 3 = 75 points), and H4/H1

0 10 20 30 40 50 60 70 80 90 100

Points

Gender

Wine

BMIWHO 1

TVW

SCR

H4H1 = |

Total points 0 50 100 150 200 250 300 350
02 04 05 08
03 0.5 0.7 0.9

Diagnostic possibility

Figure 4 HTH onset risk prediction nomogram model

(Ievel 1 = 58 points, level 2 = 29 points, level 3 = 0 points).
The total score for each case of essential hypertension
was calculated by summing the points for all variables,
and the probability of HTH was derived from the total
score.

The ROC curve was used to evaluate the nomogram
model’s discrimination. An area under the ROC curve
(AUC) of 0.795 with 95% CI = (0.706 6 - 0.882 8), a speci-
ficity of 0.724, and a sensitivity of 0.799 indicated good
differentiation and diagnostic efficacy (Figure 5).

Al B 10

0, H 0.783 (0.724, 0.799) - 0.8

20 2 06
z £
= AUC: 0.795 =
z z

5 0444 £ 044
" 5]

0.2 024

; 04

o2 04 06 08 10 ] 02 04 06 08 10
Specificity Specificity

Figure 5 ROC curve of the nomogram model

A, ROC curve of the training set. B, ROC curve of the internal
verification set.

Calibration curves were used to assess the model’s
accuracy, with the bootstrap method applied for 200
repeated samplings to internally validate the model. The
Hosmer-Lemeshow goodness-of-fit test showed good cal-
ibration (x*> = 9.5002, P = 0.301 9). The calibration curve
closely matched the ideal curve when predicted probabil-
ity values were greater than 0.5, indicating that the pre-
dicted values were consistent with the measured values
and the model’s prediction accuracy was acceptable
(Figure 6).

The clinical decision curve indicated that the nomo-
gram model’s applicability was optimal when the thresh-
old for predicting HTH was between 0.38 and 1.00
(Figure 7).
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Figure 6 Calibration curve of the nomogram model

A, calibration curve of the training set. B, calibration curve of
the internal verification set.
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Figure 7 Decision analysis curve of the nomogram model

A, decision analysis curve of the training set. B, decision analy-
sis curve of the internal verification set.

4 Discussion

HTH represents the most prevalent form of hypertension
(three-quarters of all cases). In China, the incidence
of HTH has been on an annual upward trend and is a
significant risk factor for stroke . This is likely associa-
ted with the damage to the brain and cardiovascular
system caused by the release of catecholamines, which
is induced by homocysteine "l Patients with HTH
experience a higher frequency of cardiovascular events
with stroke risk increased by 12-fold, particularly in wom-
en ', Therefore, early screening, along with accurate
prevention and treatment of HTH, is of utmost impor-
tance in reducing the risk of hypertensive stroke.
According to TCM, vessels are the “palaces of blood”,
governed by the heart. Pulse manifestations reflect the
functions of the zang-fu organs and the balance of Yin,
Yang, Qi, and blood. TCM-identified pulse characteris-
tics, when linked to modern pulse wave analysis, can re-
veal physiological and pathological states of blood ves-
sels. Time domain analysis, a common method for pulse
diagram analysis, measures the amplitude and time val-
ues of pulse manifestations to analyze pulse wave charac-
teristics 'Y, The pulse diagram period aligns with the
heartbeat cycle and includes the main wave, pre-beat
wave, falling isthmus, and re-beat wave. The amplitude
and timing of these waves reflect peripheral resistance,
vascular structure, and arterial elasticity !"*). Thus, TCM
pulse detection could serve as a clinical tool for evaluat-
ing vascular function in cardiovascular disease patients.
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In this study, 168 patients were divided into HTH and
non-HTH groups to explore risk factors of HTH. The re-
sults showed significant differences in alcohol consump-
tion, gender, SCR, and H4/H1. Among them, the female
gender was an independent risk factor for HTH, which is
contrary to previous studies. The data did not show sig-
nificant collinearity among the variables in the model,
suggesting the potential presence of multiple confound-
ing effects from gender, alcohol consumption, and BMI.
SCR and the pulse diagram parameter H4/H1 were inde-
pendent risk factors for HTH, where high SCR values and
low H4/H1 values were positively correlated with the on-
setrisk of HTH.

4.1 The correlation between pulse diagram parameters
and the risk of HTH

In the presence of aortic valve insufficiency, blood back-
flow, an increased pulse pressure difference, or a sudden
drop in blood volume, the heart compensates by increas-
ing its beats, and H4/H1 may show a decreasing trend "\
FESLER et al. 'Y conducted a study and follow-up on 132
untreated primary hypertensive patients and found that
the pulse pressure difference was negatively correlated
with the decline in renal function in primary hyperten-
sives, which corroborates the results of this article. From
the perspective of TCM, the decline in renal function
in hypertensive patients is related to the long-term
imbalance of the Qi, blood, and Yin-Yang in the liver
and kidneys, and the inadequate nourishment of the
kidney meridians. This can ultimately result in the
partial or complete loss of the kidney’s main function
in regulating water and controlling its opening and clos-
ing for water excretion and retention ", Furthermore,
study has shown that the average 24-h pulse pressure dif-
ference of HTH patients was significantly greater than
that of non-HTH patients '*., This might be related to the
fact that Hcy promotes the proliferation and enlargement
of the middle layer of vascular smooth muscle cells, lead-
ing to vessel wall stiffening and reduced elasticity "
Therefore, changes in pulse wave parameters are related
to the onset risk of developing HTH.

4.2 The correlation between cardiovascular risk factors
and HTH

Serum creatinine is formed through irreversible non-en-
zymatic dehydration, released into the blood, and excret-
ed in urine, reflecting kidney function to some extent.
Many patients with hypertension at different stages can
have abnormal kidney function. The kidney is an impor-
tant metabolic site for homocysteine, so serum creati-
nine is closely linked to homocysteine ['’!. Declining renal
function leads to the accumulation of homocysteine in
the body. Studies have confirmed that homocysteine can
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contribute to kidney disease through oxidative stress and
other mechanisms, further reducing renal function [,
Additionally, elevated homocysteine levels may induce
renal vascular injury, and damage to the renal structure
can promote the generation of homocysteine . This
study showed a positive correlation between serum crea-
tinine and HTH, consistent with the positive correlation
between serum creatinine and homocysteine reported by
CHENG et al. ™. LENG et al. ™ also found that creati-
nine was positively correlated with the incidence of HTH
in women and was a risk factor.

4.3 The significance of the model

The nomogram model constructed in this study exhibit-
ed an AUC of 0.795, indicating that the model had good
diagnostic efficiency and was capable of predicting the
onset risk of HTH. The calibration curves and goodness-
of-fit tests confirmed that the model had high predictive
accuracy. The decision curve analysis showed that the
model could provide clinical benefits to patients. To
date, no nomogram for HTH has been reported. The de-
velopment of this nomogram holds significant promise
for clinical applications. It can facilitate early interven-
tion in HTH, thereby improving prevention and treat-
ment outcomes. Moreover, it can assist physicians in per-
sonalizing follow-up care, determining the appropriate
frequency of follow-up visits, and deciding whether addi-
tional testing is required. Consequently, constructing a
predictive model for HTH carries substantial potential
value for clinical practice.

These results suggest that pulse diagram parameters
can facilitate early screening and prevention of HTH. Fur-
thermore, integrating the assessment of pulse diagram
parameters into hypertension management programs
can enhance the effectiveness and comprehensiveness of
hypertension health management. The results represent
an initial foray into ascertaining the efficacy of pulse dia-
gram parameters in the self-management of HTH. These
findings will lay the groundwork for future research on
the translation of HTH risk factors within the framework
of an internet-based group health administration model.
The aim of this study is to improve the long-term lifestyle
intervention compliance and reduce the incidence of
HTH. The findings will strengthen the management of
risk factors. This, in turn, will enable individuals to make
well-informed decisions regarding their condition. How-
ever, the study has several limitations. First, being a retro-
spective study, it failed to establish the causal relation-
ship with HTH. Second, as a single-center study, it may
have potential selection bias. Third, confounding factors
might have influenced the model. Fourth, only internal
validation has been conducted, lacking external valida-
tion from other centers. Future research should focus on
controlling the confounding factors with prospective
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studies. Additionally, multi-center data collection, expan-
sion of sample sizes based on the population in different
regions, and performance of external validation are nec-
essary to improve the model. These endeavors would
provide a stronger theoretical basis for the applications of
pulse diagram parameters to assess the onset risk of car-
diovascular diseases.

5 Conclusion

The onset risk of HTH was related to gender, alcohol con-
sumption, serum creatinine, and the pulse diagram pa-
rameter H4/H1. Among these, H4/H1 emerged as an in-
dependent risk factor for HTH. The low value of H4/H1
not only mirrored the pathological manifestations of an
increased pulse pressure difference in HTH but also indi-
rectly indicated the pathological elevation of the SCR val-
ue in HTH. The findings will specifically improve health
outcomes of chronic cardiovascular and cerebrovascular
disease, enhance daily living functionality, and alleviate
direct medical costs for families while optimizing inpa-
tient resource allocation within the healthcare system.
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KTk E A% e HA & b R KT 5] & B AL R #y 12 5 I8 4E

EBPE 2 A F AT IR S SR F LR, L 201203, F H

(#H2) B A TREBARMEHA S RE (HTH) L% RSN 5] & BEA, 4 HTH #5216 & T
Fo i W R BIIRIE ., Fk AFTREI 20205 7 A 6 HE 202156 H 16 H VLA 20235 8H 11 H £
202451 A2 AR ELEPEARFHEBEELER, LETPEERALETPHELSERMARNGR
B f R B IR B R — A2 B A R A IS AR, A SMART-I F B AR AR E A gk, &
A % A &F e )2 54 HTH 4 &% B %, 48 RStudio 227 X B, H%4 X% L4454 (ROC) W
% . K/EWL (bootstrap A ByhAE 200 & ) Fele Rk R, IERA G R > E NG ELE, R HHAN
168 BIER A R A S /EEH, »AIEHTHZ (n=29) ##HTHZL (n=139) . HA S EH FIKR 2
¥4 (BMI) 2FAK T3 HTH 20, BB H A ARBZILH L% ZH TIEHTHL ( P<0.05) . HTH4E
BE¥SR (VWT) . £ SRR EZE (LCCIMWT) Fedfn ik LA (SCR) 2% % T3 HTHA (P<
0.05) . HTH 200k A 54k As © % & T4 HTH 48, H4/H1, T1/T 2 #4& T3 HTH 4L (P<0.05) , 7],
ARIE . ok IUET BObK B A%k H4/HL 525 HTH Ak 548 %09 B % (P<0.05) . 71 & EAER 4 ROC W& T
@A (AUC) 4 0.795[95% Bz X (CI) : (07066, 0.8828) |, &7 /Z A4 0.724, # R E A 0.799,
bootstrap B Bh4hif 200 K5, R /E W& R KL KRR MA R (¥¥=9.5002, P=0.3019) . &
REFRMER T, P EBAEATRN HTH 49 % £ B44E 0.38-1.00 Z a6, ZAERE AMRE, &4 AT
Bk B A My 3 69 9 4 B VT 5 HTH 89 2 0% R TR 44 A F R 4B, BB A4 e #m A B T HTH 694 75 &
AT .

(#4299 | HAZ 0 E; REFRAR; FIXE; RES; FnRE
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