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Abstract
Background and aims H-type hypertension is essential hypertension combined with high homocysteine, and both 
synergistically increase the risk of cardiovascular and cerebrovascular events. The aim of this study was to investigate 
the risk factors of H-type hypertension in Tibetan plateau population and correlation with MTHFR C677T gene.

Methods and results A multi-stage cluster random sampling method was used to select the research subjects in 
Tibet Autonomous Region from June 2020 to November 2021. Among Tibetans, the incidence of H-type hypertension 
accounted for 84.31% of hypertensive patients. The logistic regression analysis demonstrated that age, uric acid 
(UA), triglyceride (TG) and low-density lipoprotein cholesterol (LDL-C) were risk factors for the prevalence of H-type 
hypertension, the OR (95% CI) was 1.083(1.073–1.094), 1.002(1.001–1.004), 1.240(1.050–1.464) and 2.274(1.432–3.611), 
respectively. MTHFR C677T TT genotype patients with H-type hypertension OR (95% CI) was 1.629(1.004–2.643). Based 
on this, a nomogram model was established, and the reliability of the model was proved by area under ROC curve, 
Brier score and average absolute error. The model’s results indicate that for every five years of age, the score increases 
by 6 points; for a 2mmol/L increase in TG, the score increases by 5.5 points; for a 1mmol/L increase in LDL-C, the score 
increases by 10 points; and individuals with the TT genotype receive 8 points. The higher the score, the greater the risk 
of disease.

Conclusion The MTHFR C677T TT genotype is a risk locus for Tibetan patients with H-type hypertension, with age, 
TG, and LDL-C were identified as risk factors for the disease.
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Introduction
In the Chinese population, the prevalence of H-type 
hypertension was found to be 26.9% in the total popula-
tion, including 81.8% of men and 62.8% of women, and 
73.1% in patients with hypertension [1]. Hyperhomocys-
teinemia may be a potential independent risk factor for 
cardiovascular disease, dementia, and other related dis-
orders [2], and a degree of synergy between hyperten-
sion and hyperhomocysteinemia can lead to an increased 
burden on the cardiovascular system. This suggests that 
the coexistence of hypertension and hyperhomocystein-
emia may exacerbate the overall risk and impact of these 
conditions on individuals’ health. Studies have estimated 
that the incidence of adverse cardiovascular events in 
patients with H-type hypertension is approximately five 
times higher than in patients with essential hyperten-
sion alone and approximately 25–30 times higher than 
in the healthy population [3] 0.5,10-methylenetetrahy-
drofolate reductase (MTHFR) plays an important role 
as a key enzyme in folate metabolism and plasma Hcy 
remethylation in the body, and the C677T (rs1801133) 
locus gene of MTHFR is the most common one that can 
lead to reduced or diminished activity of the MTHFR 
enzyme and subsequent elevation of blood Hcy levels [4, 
5]. The C to T substitution at nucleotide 677 site leads 
to the substitution of valine codon for alanine, causing a 
decrease in the activity of MTHFR enzyme, which inhib-
its the remethylation of Hcy to methionine and affects 
the distribution of folate, leading to the accumulation of 
Hcy in the bloodstream in the presence of an impaired 
folate state [6–8].

There are significant geographic and ethnic differences 
in the prevalence of the MTHFR C677T gene frequency 
in China, and there are associations with a variety of 
diseases that affect the disease characteristics of certain 
populations [9]. However, they should not be viewed a 
priori as genetic defects that lead to disease, and there 
is a need for region- and/or race-specific gene-disease 
association databases to further validate whether sus-
ceptibility loci do indeed exist between diseases. [4]. The 
intricate interplay between the biochemical actions of 
MTHFR and its genetic variants highlights the impor-
tance of understanding these mechanisms in the context 
of diseases such as H-type hypertension [10].

Meta-analysis found that MTHFR C677T gene poly-
morphism was associated with cardiovascular disease, 
tumor, neurological disorders, and adverse pregnancy 
outcomes [11–14]. In addition, it is noteworthy that 
MTHFR C677T gene polymorphisms exhibit inter-
group, regional, and age-related variations, potentially 
contributing to heterogeneous susceptibilities to dis-
eases across diverse populations [15]. The aim of our 
study was to understand the genetic characteristics of 
the MTHFR C677T gene in Tibetan patients with H-type 

hypertension in the Tibetan population in the Tibetan 
region, and to clarify the relevant factors affecting the 
occurrence of H-type hypertension. To propose individu-
alized prevention and treatment of H-type hypertension 
in response to the findings and to decrease the preva-
lence of cardiovascular and cerebrovascular diseases in 
the region.

Methods
Design and study participants
During the period from June 2020 to November 2021, a 
multi-stage whole-group random sampling approach was 
used to select participants. Using a strict randomization 
process, 3 cities were first randomly selected from the 
7 cities in the autonomous region of Tibet; 1–3 coun-
ties were randomly selected from each city; 2 townships 
were selected from each county; and 2–3 neighbour-
hood or village committees were randomly selected from 
each township. A total of 2 313 people were included 
based on actual participation and valid questions and 
answers. The subjects were categorized into 4 distinct 
groups based on their blood pressure and plasma Hcy 
levels: H-type hypertension group, essential hyperten-
sion group, isolated Hyperhomocysteinemia group, and 
normal control group. Inclusion criteria:①individuals 
aged ≥ 18 years old;②Tibetan residents who had not 
relocated from their essential place of residence for a 
continuous period of 6 months preceding the data col-
lection phase. Exclusion criteria:①individuals suffering 
from mental illness, serious cardiovascular and cere-
brovascular diseases, liver and kidney failure, infectious 
diseases, autoimmune diseases and other significant 
medical conditions;②individuals who cannot cooper-
ate to complete the survey;③individuals with incomplete 
data;④pregnant and breastfeeding women. The study par-
ticipants provided voluntarily signed the informed con-
sent form, and the research protocol obtained approval 
from the Ethics Committee of Tibet University.

Clinical information
According to “the 2018 Chinese Guidelines for the Pre-
vention and Treatment of Hypertension” [16], Hyper-
homocysteinemia is defined as a plasma Hcy level ≥ 15 
µmol/L. Hypertension is defined as three on-site 
blood pressure measurements without antihyper-
tensive medication and averaged, with systolic blood 
pressure (SBP) ≥ 140 mmHg and/or diastolic blood 
pressure (DBP) ≥ 90 mmHg. H-type hypertension is 
defined as three measurements of systolic blood pres-
sure (SBP) ≥ 140 mmHg and/or diastolic blood pressure 
(DBP) ≥ 90 mmHg and a plasma Hcy level ≥ 15 µmol/L.
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Data collection and measurement
This study is from the project “Survey on the Current 
Situation of Chronic and Endemic Diseases and Their 
Influencing Factors among Tibetans in Tibetan Areas”. 
Questionnaires were used to collect basic personal infor-
mation such as age and gender.

Blood pressure was measured with calibrated elec-
tronic sphygmomanometer after at least 5-min while 
seated, using standardised procedures. We used the 
mean of three pressure readings.

A total of 5mL fasting venous blood of the subjects 
was collected and sent to the laboratory department of 
Tibetan Hospital of Tibet Autonomous Region for bio-
chemical tests. The analysis included the determination 
of plasma Hcy levels, blood lipid parameters, renal func-
tion markers, blood uric acid concentration, as well as 
other pertinent indices.

Oral mucosal cells were collected from the investi-
gated subjects using an oral mucosal cell sampler for 
subsequent gene detection. After collection, the speci-
mens were stored in a refrigerator at -20  °C and sent to 
Chengdu Yishan Medical Laboratory within 7 days for 
testing. The gene detection process involved routine 
PCR amplification was performed using the MTHFR 
C677T gene detection kit. High-quality genomic DNA 
was extracted from oral swabs using a highly efficient 
genomic DNA extraction kit. Subsequently, primers and 
probes were synthesized and debugged; then the MTHFR 
C677T locus was detected using the fluorescent probe-
based method. Ultimately, the results were output and 
analyzed.

Quality control
In order to ensure the quality of questionnaire, the sur-
vey process will be conducted by the unified training 
Tibetan-Chinese bilingual investigators with conducted 
face-to-face information inquiry and collection, and filled 
in the questionnaire truthfully.

The blood biochemical tests in this study were con-
ducted at the Department of Laboratory of Tibetan Hos-
pital of Tibet Autonomous Region, while the genetic tests 
were performed at the Institute of Chengdu Yishan Medi-
cal Laboratory. All the aforementioned testing institu-
tions adhered to the national qualification standards for 
testing and implemented regular quality control mea-
sures for both biochemical and genetic analyses.

Statistical analysis
The data were subjected to statistical analysis using SPSS 
26.0. The measurement data that adhered to a normal 
distribution were represented as mean ± standard devia-
tion (x ̅±SD), with the comparison between two groups 
and multiple groups, T-test, F-test, and one-way analy-
sis of variance (ANOVA) were utilized, respectively. 

The statistical data were expressed in terms of rates and 
composition ratios, with the comparison between groups 
conducted through the χ2 test. The distribution of gene 
frequencies was tested by Hardy-Weinberg genetic equi-
librium test.

Logistic regression was used to assess influencing fac-
tors related to H-type hypertension, followed by the con-
struction of a nomogram prediction model for H-type 
hypertension using R software version 4.3.1. The model’s 
goodness of fit was evaluated with the Hosmer-Lem-
eshow test, and its performance was further assessed 
through ROC curve analysis. A Calibration curve was 
generated through 1000 Bootstrap self-sampling itera-
tions. In the Hosmer-Lemeshow goodness-of-fit curve, 
if p > 0.05, it indicates good accuracy of the predictive 
model. The discriminative ability is assessed using Har-
rell’s C statistical concordance index (C-index). Typi-
cally, if the C-index is > 0.7, it is considered indicative 
of reasonable discrimination. An area under the ROC 
curve > 0.75 suggests strong discrimination.A prediction 
model is considered more accurate when the calibra-
tion curve closely aligns with the standard curve. Two-
tailed p < 0.05 were considered to indicate statistical 
significance.

Results
Characteristics of the study population
Patients with H-type hypertension accounted for 21.14% 
and 84.31% of the total population and hypertensive pop-
ulation. The four groups showed statistically significant 
differences in age, gender, systolic blood pressure(SBP), 
diastolic blood pressure(DBP), Hcy, fasting plasma 
glucose(FPG), total cholesterol(TC), triglycerides, HDL 
cholesterol(HDL-C), LDL cholesterol(LDL-C), urea 
nitrogen(UREA), creatinine(CREA), and uric acid(UA)
(all p < 0.05). In the H-type hypertension group, the levels 
of age, DBP, Hcy, FPG, TC, TG, LDL-C, CREA, and UA 
are all significantly higher compared to the other three 
groups, with statistical significance (all p < 0.05) (Table 1).

Hardy-Weinberg genetic equilibrium test
The results of genetic balance test showed that the dis-
tribution of MTHFR C677T genotype in the four groups 
was in genetic balance (H-type hypertension group, 
χ2 = 2.089, p = 0.352; essential hypertension group, 
χ2 = 0.288, p = 0.866; isolated Hyperhomocysteinemia 
group, χ2 = 0.380, p = 0.827; control group, χ2 = 1.612, 
p = 0.447), indicating that the enrolled subjects were 
genetically, representative of the Tibetan population in 
Tibet.

Distribution of MTHFR C677T genotypes and alleles
There were statistically significant differences in the dis-
tribution frequencies of CC, CT, and TT genotypes, 
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recessive model CC + CT, and TT genotypes, and C and 
T alleles between the four groups (all p < 0.05). The dis-
tribution frequencies of the CC, CT, and TT genotypes 
of MTHFR C677T in the H-type hypertension group 
were statistically significant (all p < 0.05) when com-
pared to the other three groups. However, the distri-
bution frequencies of the C and T alleles in the H-type 
hypertension group did not show statistical significance 

when compared to the other three groups (all p > 0.05). 
Compared to the control group, there was a statistically 
significant difference in the distribution frequencies of 
the recessive genotype in both the H-type hypertension 
group and the isolated Hyperhomocysteinemia group (all 
p < 0.05) (Table 2).

Table 1 General demographic characteristics
Variables Control Isolated Hyperhomocysteinemia Essential hypertension H-type hypertension F/χ2 p-value
Gender
(M/F)

419
(96/323)

1314
(584/730)a

91
(18/73)b

489
(242/247)a c

94.758 < 0.001

Age
(years)

39.38 ± 11.28 42.01 ± 13.60a 48.90 ± 12.73a b 54.99 ± 12.07a b c 150.581 < 0.001

Smoking 26 155a 7 47a 11.801 0.008
Drinking 53 209 17 89 5.770 0.123
SBP
(mm Hg)

111.89 ± 12.06 114.26 ± 11.04a 148.40 ± 51.35a b 148.19 ± 20.95a b 595.561 < 0.001

DBP
(mm Hg)

73.84 ± 8.58 75.94 ± 8.18a 95.43 ± 8.56a b 99.04 ± 10.73a b c 989.013 < 0.001

Hcy
(µmol/L)

12.10 ± 2.40 23.63 ± 9.91a 12.24 ± 2.71b 24.50 ± 9.48a c 240.827 < 0.001

FPG
(mmol/L)

4.61 ± 0.83 4.74 ± 0.97a 4.85 ± 1.49 5.03 ± 1.17a b 14.481 < 0.001

TC
(mmol/L)

4.65 ± 1.39 6.20 ± 1.65a 5.05 ± 1.41b 6.47 ± 1.74a b c 127.210 < 0.001

TG
(mmol/L)

0.85 ± 0.55 1.28 ± 0.83a 1.08 ± 0.64a b 1.51 ± 0.88a b c 54.565 < 0.001

HDL-C
(mmol/L)

1.51 ± 0.58 1.83 ± 0.64a 1.50 ± 0.52b 1.75 ± 0.59a c 35.055 < 0.001

LDL-C
(mmol/L)

2.28 ± 0.78 3.20 ± 1.00a 2.62 ± 0.86a b 3.49 ± 1.12a b c 132.913 < 0.001

UREA
(mmol/L)

5.04 ± 1.55 6.45 ± 2.14a 4.63 ± 1.75b 6.25 ± 2.37ac 64.450 < 0.001

CREA
(µmol/L)

48.96 ± 15.30 71.07 ± 35.63a 48.97 ± 16.89b 71.24 ± 26.61a c 70.292 < 0.001

UA
(µmol/L)

281.96 ± 97.01 421.94 ± 127.99a 301.35 ± 104.55b 443.83 ± 140.46a b c 176.479 < 0.001

Note : SBP Systolic blood pressure, DBP Diastolic blood pressure, Hcy Homocysteine, FPG Fasting plasma glucose, TC Total cholesterol, TG Triglycerides, HDL-C High-
density lipoprotein cholesterol, LDL-C Low-density lipoprotein cholesterol, UREA Urea nitrogen, CREA Creatinine, UA Uric acid.1 mmHg = 0.133 kPa. ap<0.05 vs. Control 
group, bp<0.05 vs. isolated Hyperhomocysteinemia group,cp<0.05 vs. essential hypertension group

Table 2 Polymorphism, recessive and allele frequencies of MTHFR C677T gene [n (%)]
Groups Genotype Recessive model genotype Allele

CC CT TT CC + CT TT C T
Control 273

(65.16)
137
(32.69)

9
(2.15)

410
(97.85)

9
(2.15)

683
(81.50)

155
(18.50)

Isolated
Hyperhomocy-
steinemia

747
(56.85)a

495
(37.67)a

72
(5.48)a

1242
(94.52)a

72
(5.48)a

1989
(75.68)a

639
(24.32)a

Essential hypertension 59
(64.84)b

32
(35.16)b

0
(0.00)b

91
(100.00)b

0
(0.00)b

150
(82.42)b

32
(17.58)b

H-type
hypertension

307
(62.78)abc

152
(31.08)abc

30
(6.14)abc

459
(93.87)a

30
(6.13)a

766
(78.32)

212
(21.68)

χ2 23.972 14.275 15.592
p-value 0.001 0.003 0.001
Note: ap<0.05 vs. Control group, bp<0.05 vs. isolated Hyperhomocysteinemia group, cp < 0.05 vs. essential hypertension group
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Association of different genotypes of MTHFR C677T with 
Hcy and lipids in H-type hypertension population
In the H-type hypertension group, the Hcy levels for 
the MTHFR C677T genotypes CC, CT, and TT were 
(23.28 ± 7.59), (24.72 ± 9.20), and (35.84 ± 17.72) µmol/L, 
respectively. There was a statistically significant differ-
ence among the genotypes (F = 26.593, p < 0.001). Specifi-
cally, the TT genotype exhibited the highest Hcy levels, 
followed by CT, with significant differences noted in 
comparisons between TT and CT (p < 0.001), TT and CC 
(p < 0.001), while the comparison between CT and CC 
did not yield statistical significance (p = 0.107). Among 
the lipid components, only low-density lipoprotein cho-
lesterol (LDL-C) showed a statistically significant dif-
ference between the 3 groups of genotypes (F = 3.065, 
P < 0.05) (Table 3).

Logistic regression analysis of factors related to H-type 
hypertension
Using H-type hypertension status as the dependent vari-
able, a logistic regression analysis was conducted with 

age, gender, smoking, FPG, TC, TG, HDL-C, LDL-C, UA, 
CREA, UREA and MTHFR C677T genotype as indepen-
dent variables. The results showed that age, Urea, UA, 
TC, TG, LDL-C and MTHFR C677T TT genotype were 
related to Tibetan H type hypertension (p < 0.05).Age, 
UA, TG, LDL-C were risk factors for the prevalence of 
H-type hypertension, the OR (95% CI) was 1.083(1.073–
1.094), 1.002(1.001–1.004), 1.240(1.050–1.464) and 
2.274(1.432–3.611),respectively. MTHFR C677T TT 
genotype patients with H-type hypertension OR (95% CI) 
was 1.629(1.004–2.643) (Table 4).

Nomogram construction and validation
To construct a nomogram based on the logistic regres-
sion results, which includes seven factors: age, UREA, 
UA, TC, TG, LDL-C, and MTHFR C677T TT genotype. 
This model can calculate scores for each independent 
factor and aggregate a total score, where the total score 
corresponds to the predicted probability of developing 
H-type hypertension. The model’s results indicate that 
for every five years of age, the score increases by 6 points; 
for a 200µmol/L increase in UA, the score increases by 9 
points; for a 2mmol/L increase in TG, the score increases 
by 5.5 points; for a 1mmol/L increase in LDLC, the score 
increases by 10 points; and individuals with the TT geno-
type receive 8 points (Fig. 1). The higher the total score, 
the greater the risk of developing H-type hypertension.

By calculating the C-index of this model (equivalent 
to the AUC under the ROC curve) as 0.808 (95% CI: 
0.788–0.828), it suggests that the model exhibits a rela-
tively strong discriminatory ability (Fig. 2).The calibration 
curve shows that the calibration curve is basically close 
to the predicted curve and the ideal curve, with the Brier 
score = 0.132 and the Mean absolute error = 0.013,indi-
cates a satisfactory level of accuracy in the model’s 

Table 3 Association of different genotypes of MTHFR C677T 
with Hcy and lipids in H-type hypertension population
Variables CC mould CT mould TT mould F P value
Hcy
(µmol/L)

23.28 ± 7.59 24.72 ± 9.20 35.84 ± 17.72ab 26.593 < 0.001

TC
(mmol/L)

6.46 ± 1.70 6.35 ± 1.80 7.20 ± 1.71 2.970 0.052

TG
(mmol/L)

1.50 ± 0.90 1.47 ± 0.81 1.81 ± 1.06 1.942 0.144

HDL-C
(mmol/L)

1.73 ± 0.59 1.77 ± 0.57 1.89 ± 0.63 0.949 0.388

LDL-C
(mmol/L)

3.50 ± 1.08 3.38 ± 1.18 3.93 ± 1.11b 3.065 0.048

Note: ap<0.05 vs. CC genotype, bp<0.05 vs. CT genotype

Table 4 Multivariate logistic regression analysis of the influencing factors of H-type hypertension
Variables β SE Wald p-value OR(95%CI)

Age 0.080 0.005 273.319 < 0.001 1.083(1.073–1.094)
Gender -0.031 0.141 0.049 0.825 0.969(0.735–1.278)
Smoking 0.044 0.203 0.048 0.826 1.046(0.702–1.556)
FPG 0.013 0.054 0.058 0.810 1.013(0.911–1.126)
UREA -0.075 0.030 6.292 0.012 0.928(0.875–0.984)
CREA 0.002 0.002 0.580 0.446 1.002(0.998–1.006)
UA 0.002 0.001 16.205 < 0.001 1.002(1.001–1.004)
TC -0.453 0.179 6.396 0.011 0.636(0.448–0.903)
TG 0.215 0.085 6.413 0.011 1.240(1.050–1.464)
HDL-C 0.242 0.200 1.465 0.226 1.273(0.861–1.883)
LDL-C 0.821 0.236 12.108 0.001 2.274(1.432–3.611)
MTHFR C677T
TT genotype

0.488 0.247 3.913 0.048 1.629(1.004–2.643)

Note: FPG Fasting plasma glucose, UREA Urea nitrogen, CREA Creatinine, UA Uric acid, TC Total cholesterol, TG Triglycerides, HDL-C High-density lipoprotein cholesterol, 
LDL-C Low-density lipoprotein cholesterol

Assignments, dependent variable, H-type hypertension(No = 0,Yes = 1); independent variables, Gender (Male = 0,Female = 1); Smoking(No = 0,Yes = 1); MTHFR 
genotypes (CC + CT = 0,TT = 1) and age, FPG, UREA, CREA, UA, TC, TG, LDL-C and HDL-C were continuous variables for the analysis
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predictions (Fig. 3).Furthermore, the Hosmer-Lemeshow 
(H-L) fit curve was χ2 = 11.848, p = 0.158 > 0.05, the differ-
ence was not statistically significant, indicating that the 
model had a strong explanatory power and a good degree 
of fit.

Discussion
This study showed that the prevalence of H-type hyper-
tension in Tibetan areas among the Tibetan population 
has reached a notable prevalence of 21.14%, surpassing 
the previous estimate of 15.1% among Tibetans resid-
ing in high-altitude regions [17]. Patients with H-type 
hypertension accounted for 84.31% of the total hyperten-
sive population, higher than the baseline data of H-type 
hypertension in 79.68% of the hypertensive population in 
China from the Essential Stroke Prevention Study [18]. 
These results may be related to the local population’s 

exposure to low-pressure, low-oxygen environments, 
high salt and high-fat diets, and low intake of fresh fruits 
and vegetables.The H-type hypertension group exhib-
its a higher average age, with elevated levels of Hcy, TC, 
TG, LDL-C, UA and CREA compared to the other three 
groups. This may be due to a decrease in digestive and 
absorptive capacity with age, as well as impaired hepatic 
and renal metabolic function, resulting in decreased 
Hcy clearance. Furthermore, a high-sodium diet may 
impede the absorption of folate and B-complex vitamins, 
resulting in an abnormal elevation of plasma Hcy levels, 
thereby promoting the occurrence of H-type hyperten-
sion [19, 20]. High plasma Hcy interacts with disorders of 
lipid metabolism and may play a synergistic and facilita-
tive role in causing vascular endothelial damage and sub-
sequent hypertension [21].

Fig. 2 ROC curve of the nomogram model

 

Fig. 1 Nomogram for predicting the probability of H-type hypertension
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Our study showed that the frequencies of CC, CT, and 
TT genotypes in the MTHFR C677T gene were 62.78%, 
31.08%, and 6.14%, and the frequencies of C and T alleles 
were 78.32% and 21.68%, in Tibetan patients with H-type 
hypertension located in the southwest, and the CC geno-
type and C allele had the highest distribution frequency. 
However, the frequencies of the three genotypes were 
13.51%, 45.94%, and 50.45%, and the frequencies of the 
C and T alleles were 44.3% and 55.7%, among the Qin-
ghai Han people located in the northwest region, and 
the TT genotype and T allele had the highest distribu-
tion frequency [22]. In Guangxi Zhuang people, which 
is located in South China, the frequencies of the three 
genotypes were 67.1%, 25%, and 7.89%, and the frequen-
cies of C and T alleles were 40.74% and 42.47%, with the 
highest frequency of CC genotype and T allele distribu-
tion [23]. This may suggest that there is uncertainty in the 
distribution of the C677T gene variant among Tibetan 
H-type hypertension patients, with gene mutations 
exhibiting regional and ethnic specificity. Joint com-
parison of the relationship between different genotypes 
of MTHFR C677T and Hcy levels in the H-type hyper-
tension population showed that Hcy levels were much 
higher in the TT group than in the CT and TT groups. 
It was further hypothesized that the TT genotype may 

be responsible for the development of H-type hyperten-
sion and for the worsening of H-type hypertension due 
to elevated Hcy levels.Among the lipid components, only 
low-density lipoprotein cholesterol (LDL-C) showed a 
statistically significant difference between the 3 groups 
of genotypes. It has been suggested that the association 
between MTHFR C677T and lipids is inconclusive and 
may be related to genetic heterogeneity between different 
regions or ethnic groups [24].

Logistic regression analysis showed that the MTHFR 
gene C677T TT genotype had an increased risk of devel-
oping H-type hypertension (OR = 1.692). At the same 
time, logistic regression results also mentioned that age, 
UA, TG, LDL-C were the risk factors of H-type hyperten-
sion. This is generally consistent with previous research 
findings, and if there are variations in influencing fac-
tors, they should be considered from the perspective of 
individual pathophysiology and lifestyle [25, 26]. The 
study suggests that TG and LDL-C are independent vari-
ables influencing disease progression [27]. Meta-analysis 
results indicate that in the overall genetic model of the 
human population, individuals carrying the TT genotype 
have an increased risk of developing H-type hyperten-
sion [28]. Most studies rely on single logistic regression 
analysis, which has limitations in interpreting the results. 

Fig. 3 Calibration curves
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Therefore, combining the construction of a risk predic-
tion model tailored to the local population is of signifi-
cant practical importance in preventing and controlling 
the development of H-type hypertension.Based on the 
results of multifactor logistic regression analysis, this 
study has developed a nomogram prediction model 
for H-type hypertension, incorporating seven factors. 
The model showed that the score increased by 6 points 
for every 5-year increase in age; the score increased by 
9 points for every 200 umol/L increase in UA; the score 
increased by 5.5 points for every 2-mmol/L increase in 
TG; the score increased by 10 points for every 1-mmol/L 
increase in LDLC; and individuals with the TT genotype 
received a score of 8 points. The higher the total score, 
the greater the risk of developing type h hypertension. 
Abnormal increases in the above indicators lead to vary-
ing degrees of risk for the development of H-type hyper-
tension; therefore, it is recommended that the above 
indicators be included in the monitoring and manage-
ment of H-type hypertension in the daily management of 
H-type hypertension.The model’s accuracy and discrimi-
native ability were assessed using the H-L goodness-of-fit 
curve, AUC, and C-index index. The results indicate that 
this model possesses a high degree of discrimination and 
accuracy, making it a valuable tool for healthcare profes-
sionals from various fields to preliminarily assess indi-
vidual disease risk and provide targeted prevention and 
treatment measures. Studies have demonstrated the effi-
cacy of regular aerobic exercise in stabilizing blood pres-
sure in individuals diagnosed with H-type hypertension 
[29]. This exercise program not only enhances cardiore-
spiratory endurance, but contributes to the improvement 
and management of the patient’s pathological state. Aer-
obic exercise may be considered as a treatment and man-
agement approach for the H-hypertensive population.

The participants in this study were Tibetan people in 
Tibet who have been living in a high-altitude environ-
ment at an average altitude of 4200 m. Further in-depth 
studies are needed to determine whether the group’s abil-
ity to adapt to high altitude, low pressure and low oxygen 
leads to a different genetic basis and whether the unique 
Tibetan dietary pattern of high salt and high fat, and low 
intake of fresh fruits and vegetables due to the survival 
environment causes differences in the prevalence of 
H-type hypertension.

Conclusion
The mutation occurring at the MTHFR C677T TT locus 
is a potential contributing factor to the development of 
H-type hypertension in the Tibetan population residing 
in Tibet. Additionally, age, UA, TG, LDL-C and the TT 
genotype are considered as risk factors for the onset of 
H-type hypertension in this population. Therefore, it is 
advocated that hypertensive patients should, in addition 

to routine blood pressure measurements, regularly moni-
tor their homocysteine (Hcy) levels to prevent the syn-
ergistic effects between the two, and implement targeted 
preventive and control measures. These measures include 
strengthening health education in agricultural and pasto-
ral regions, improving dietary patterns, promoting sci-
entifically validated aerobic exercise, and incorporating 
rational interventions such as adequate folate intake.All 
of these efforts aim to improve the occurrence of adverse 
cardiovascular and cerebrovascular events.

Limitations
Our study has limitations due to its cross-sectional 
design, which precludes establishing causal relation-
ships between risk factors and the occurrence of H-type 
hypertension. In terms of model validation, we only con-
ducted internal validation and lack external validation to 
assess the model’s generalizability. Additionally, there is 
currently limited research on the genotypes of H-type 
hypertension patients in the Tibetan region. Therefore, 
it is necessary to conduct prospective multicenter cohort 
studies with larger sample sizes, encompassing various 
altitudes and geographical regions, to explore the rela-
tionship between genetic factors and H-type hyperten-
sion in the Tibetan population.
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