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Objective: This study aims to explore the correlates of frailty in hospitalized elderly hypertensive patients and its impact on clinical 
prognosis, and to construct a predictive model for the occurrence of frailty in this population.
Methods: A cross-sectional and prospective observational cohort study was conducted, involving 312 elderly hypertensive patients 
diagnosed at the institution from January to June 2022. Frailty was diagnosed using the Fried Frailty Phenotype (FP), while the 
Charlson Comorbidities Index (CCI) assessed the presence of chronic conditions. Data analysis was performed using SPSS 22.0. 
Binary logistic regression analysis was conducted with frailty as the dependent variable to identify risk factors. Patients were followed 
for one year to monitor readmission rates and all-cause mortality.
Results: Multivariate logistic regression identified CCI grade (P=0.030), gender (OR=21.618, 95% CI: 4.062–115.061, P < 0.001), 
age (OR=1.147, 95% CI: 1.086–1.211, P < 0.001), bedridden state (OR=11.620, 95% CI: 3.282–41.140, P < 0.001), arrhythmia 
(OR=14.414, 95% CI: 4.558–45.585, P < 0.001), heart failure (OR=5.439, 95% CI: 1.029–28.740, P < 0.05), along with several 
biochemical markers, as independent predictors of frailty. A predictive model was developed, demonstrating a robust discriminative 
ability with an area under the receiver operating characteristic curve (AUC) of 0.915. Statistically significant differences in read-
mission rates and all-cause mortality were observed among the frail, pre-frail, and non-frail groups (P<0.001), with the frail group 
exhibiting the highest incidence of these adverse outcomes. Notably, frailty emerged as a significant predictor of readmission (P<0.05) 
but not of all-cause mortality in this cohort.
Conclusion: This study establishes a robust frailty prediction model for elderly hypertensive patients, highlighting the influence of 
CCI grade, gender, age, and other clinical and biochemical factors on frailty. The model offers a valuable tool for healthcare providers 
to identify at-risk elderly individuals, facilitating targeted intervention strategies for cardiovascular disease management.
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Introduction
The Burden of Hypertension in the Geriatric Population
Hypertension is highly prevalent among the elderly population and constitutes one of the most common non- 
communicable chronic diseases in this group.1 A Study2 indicate that over half of Chinese individuals aged 60 years 
and above have hypertension. Foreign epidemiological survey reports reveal that the proportion of hypertension among 
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the elderly over 65 years old has exceeded 60%, and the incidence of hypertension in those over 80 years old has 
surpassed 70%.3 A systematic review of community-dwelling elderly individuals over 65 years old demonstrated that the 
prevalence of frailty reached 10%, and the prevalence among those over 85 years old reached 26.1%.4 With the 
acceleration of population aging and the elongation of human life expectancy, the proportion of elderly hypertensive 
patients complicated with frailty is gradually escalating, which renders the prognosis assessment and management of 
elderly hypertension more complex and challenging.5 Elderly patients with hypertension are typically accompanied by 
a variety of other disorders and are prone to debilitating symptoms. The incidence of frailty rises with age and gradually 
increases due to physical deterioration and multiple complications.6

Frailty: A Growing Concern in Geriatric Health
Frailty, often accompanying hypertension, is a syndrome with profound implications for health outcomes in the elderly. 
Its prevalence is on an upward trajectory, linked to physiological decline and the accumulation of comorbid conditions. In 
the National Health and Nutrition Examination survey of 4352 elderly people, the prevalence of hypertension in the frail 
elderly was 67.8%, which was higher than that in the pre-frail and non-frail elderly.7 A meta-analysis of 7656 elderly 
people showed that the prevalence of hypertension was 72% in frail individuals and 14% in hypertensive patients.8 

Frailty is a clinical syndrome, referring to a nonspecific state where the physical reserves of the elderly decrease, leading 
to an increase in weakness and a decline in anti-stress ability, which could result in falls, fractures, hospitalizations, 
disabilities, lower quality of life, and death, among other negative health outcomes.9–12

The Interconnection Between Frailty and Hypertension
Studies have shown that the prognosis of elderly patients with hypertension is closely associated with frailty during 
disease progression.11 In patients whose disease progression is predominantly characterized by frailty, the cause of death 
is highly correlated with higher blood pressure levels.12 With the extensive mention of the concept of frailty, an 
increasing number of studies have explored the pathogenesis of frailty and hypertension in the elderly.13,14 A study 
indicated that frail older adults had higher levels of arterial stiffness, which might contribute to explaining the relation-
ship between frailty and cardiovascular disease.14 A study have discovered that frailty in the elderly is associated with 
target organ damage of hypertension, and arteriosclerosis may be the common mechanism leading to frailty, hyperten-
sion, and target organ damage.15

The Reversible Nature of Frailty and Its Clinical Implications
Despite the adverse outcomes associated with frailty, there is evidence of its reversibility. Early detection and risk factor 
analysis in the elderly are critical for the implementation of targeted interventions that can potentially reverse or mitigate 
frailty’s progression, thereby reducing the incidence of adverse health outcomes. This is particularly important for 
clinicians when assessing treatment risks and making prognostic evaluations. In recent years, although some studies have 
investigated the potential relationship between frailty and hypertension,16 the risk factors for frailty and the influence of 
frailty-related risk factors on the clinical prognosis of elderly hypertensive patients remain unclear.

While the relationship between frailty and hypertension has begun to be explored, a thorough understanding of the 
specific risk factors for frailty in the elderly hypertensive population and their impact on clinical prognosis is still lacking. 
Therefore, this study intends to clarify the epidemiological characteristics of frailty within the context of hypertension, 
identify its risk factors, and investigate its impact on all-cause mortality. Additionally, a predictive model for frailty in elderly 
hypertensive patients hospitalized will be developed, aiming to facilitate the early identification of at-risk populations, assess 
their prognosis, and inform the development of personalized management strategies for elderly patients with hypertension.

Methods
Participants
A total of 320 older patients with hypertension who were hospitalized in the Second Medical Center of PLA General 
Hospital from January to June 2022 were studied. 312 patients were eventually included in the study analysis. Six 
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patients did not complete frailty assessment, and 2 patients had incomplete data, which was excluded. Inclusion criteria 
for the study were: 1) age≥60 years old, 2) Meet the diagnostic criteria of essential hypertension, 3) Regular use of 
antihypertensive drugs. Exclusion criteria were: 1) secondary hypertension, 2) malignant tumor, 3) severe cognitive 
dysfunction or mental illness, 4) Personal reasons or inability to cooperate with the completion of comprehensive 
geriatric assessment (CGA).

Sample Size Calculation
The sample size of logistic regression is generally required to be more than 5–10 times the number of observation 
indicators. Thirty-seven indexes were included in this study, with a sample size of 185–370. Considering the number of 
hospitalized patients and shedding, 320 cases were included. During the study, some patients fall off, and eventually were 
analyzed in 312 cases of patients, satisfies the requirement of data analysis.

Clinical Interview and Assessment
A cross-sectional and prospective observational cohort study was used. All enrolled patients received routine CGA within 
1 week of admission (if admitted as an emergency, within 1 week after their condition stabilized). FP scale, which is the 
most widely used in the world, was adopted and evaluated by geriatric medical staff who had received standardized 
training, including 5 items (1) unexplained weight loss (2) fatigue (3) decreased grip strength (4) Walking speed 
decreased (5) decreased physical activity ability (decreased physical activity). Meeting ≥3 items is frail, meeting 1 or 
2 items is pre-frail, 0 items is non-frail. The FP scale was used to evaluate frailty in 312 hospitalized older patients with 
hypertension. According to FP score, patients were divided into three groups, the frail group (150 cases), the pre-frail 
group (144 cases) and the non-frail group (18 cases). The older patients with hypertension were followed up for one year. 
Major adverse events (including readmissions and deaths from various causes) were observed and recorded in each group 
through outpatient visits or telephone calls after discharge. All procedures involving human participants were performed 
in accordance with the basic principles of the Declaration of Helsinki. Ethical approval was obtained from the PLA 
General Hospital (No.S2022-262-02). In this study, patients gave informed consent. All patient data were anonymized 
and maintained with confidentiality.

Data Collection
General Information
Basic data were collected and recorded, including age, gender, smoking, drinking, Charlson comorbidity index, and past 
medical history (coronary heart disease, arrhythmia, valvular heart disease, cardiomyopathy, heart failure, diabetes, 
chronic lung disease, and chronic kidney disease). According to the range of CCI scores, suggestions from clinicians and 
literature reports,17 the degree of complications was divided into three grades. Grade 0 is no/mild comorbidities (CCI 
score 0~1), grade 1 is moderate comorbidities (CCI score 2~3), and grade 2 is severe comorbidities (CCI score≥4).

Echocardiography
After admission, all patients underwent echocardiography to measure left ventricular ejection fraction (LVEF), left 
ventricular posterior wall diastole (LVPWD), interventricular septal thickness at diastole (IVSD), left ventricular end- 
diastolic diameter (LVEDD) and left ventricular end-systolic diameter(LVESD).

Laboratory Examination
The enrolled patients received fasting blood on the day of admission or the next day. Hemoglobin, red blood cell count, 
white blood cell count, platelet count, NT-proBNP, serum albumin, urea nitrogen, creatinine, fasting blood glucose and so 
on were measured and recorded.

Hypertension Criteria
In accordance with the 2019 Chinese Guidelines for the Management of Hypertension in Older Adults,18 hypertension is 
diagnosed when systolic and/or diastolic blood pressure reaches or exceeds 140 mmHg and/or 90 mmHg, respectively, as 
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recorded during three separate clinical visits while the patient is not receiving antihypertensive medication. Isolated 
systolic hypertension is defined by a systolic blood pressure (SBP) of 140 mmHg or greater and a diastolic blood pressure 
(DBP) of less than 90 mmHg. Furthermore, individuals with a documented history of hypertension who are undergoing 
treatment with antihypertensive medications are considered hypertensive, even if their blood pressure readings fall below 
the threshold of 140/90 mmHg.

Statistical Analysis
Statistical analyses were conducted using SPSS 22.0. The Kolmogorov–Smirnov test was applied to ascertain whether all 
variables conformed to normal distributions, while the Levene test assessed the homogeneity of variances. Continuous 
variables with a normal distribution were detailed as mean ± standard deviation and analyzed using Analysis of Variance 
(ANOVA). For those continuous variables that did not adhere to a normal distribution, the Kruskal–Wallis test was 
employed. Categorical variables were presented as frequencies and percentages and analyzed using the Chi-Square Test. 
Univariate analysis was performed on both frail and non-frail subgroups of cardiac inpatients to uncover the risk factors 
associated with frailty. To further investigate the relationship between frailty and cardiac disease, binary logistic 
regression analysis was conducted on factors that showed significant differences post-univariate analysis, with frailty 
set as the dependent variable. The significance threshold was established at p < 0.05.

Quality Control
According to the criteria for the inclusion and exclusion of cases, completed unified data collection forms were used to 
screen and collect cases that met the study criteria. Double data entries and logic verification were used to ensure data 
accuracy. Upon completion, all data were checked, missing data were completed, and duplicated or erroneous data were 
removed.

Results
Frailty Incidence in Older Hypertensive Patients
In this study, the results showed that the incidence of frailty was 48.1%.

Univariate Analysis of Factors Related to Frailty in Older Patients with Hypertension
The normality test of continuous variables showed that all variables did not conform to normal distribution, so the rank 
sum test was adopted. Categorical variable grouping belongs to ordered grouping, and rank sum test is used to test the 
difference among the three groups. The results showed that patients in the three groups had significant differences in 
gender, age, bedridden, smoking, drinking, coronary heart disease, Hb, RBC, LVEF, IVSD and so on showed statistical 
difference (P < 0.05), as shown in Table 1.

Logistic Regression Analysis of Factors Related to Frailty in Older Patients with 
Hypertension
The ordered logistic multifactor analysis was conducted for the indicators with statistical significance in univariate 
analysis, and the Test of parallel lines was selected, χ2=66.112, P= 0.000, indicating that the hypothesis of parallelism 
was not valid, that is, the regression equations were not parallel to each other. An ordered Logistic procedure cannot be 
used for analysis. In this study, whether patients were frailty or not was divided into frail group and non-frail group as 
dependent variable segmentation points, and binary Logistic regression was performed. The factors with statistical 
significance in univariate analysis, including age, were analyzed by binary logistic regression, the model was selected for 
backward (wald model) stepwise regression, and the CCI grade was treated with dummy variables. The significance level 
of the selected variable was set at 0.05, and the significance level of the retained variable was set at 0.10. After 
comparison, it was found that there were statistically significant differences in CCI grade(X0)(P<0.05), gender(X1) 
(OR=21.618, P<0.001), age(X2)(OR=1.147, P<0.001), bedridden(X3)(OR=11.620, P<0.001), arrhythmia(X4) 
(OR=14.414, P<0.001), heart failure(X5)(OR=5.439, P<0.05), CRP(X6)(OR=0.625, P<0.05), FIB(X7)(OR=2.562, 
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P<0.05), D-dimmer(X8)(OR=5.079, P<0.05), TC(X9)(OR=0.344, P<0.05), TNI(X10)(OR=1.300, P<0.05), GLU(X11) 
(OR=1.489, P<0.05) and LVEDD(X12)(OR=0.913, P<0.05) between the two groups (P < 0.05), which were the related 
factors for the weakness of older patients with hypertension, as shown in Table 2.

Table 1 Univariate Analysis of Factors Related to Frailty in Old Patients with Hypertension

Patient Characteristics Non-Frail(n=18) Pre-Frail(n=144) Frail (n=150) Z P

Male 18(100) 141(97.9) 126(84) 19.746 0.000
Age 75(71,76) 81(71,87) 93(86,96) 89.189 0.000

Bedridden 3(16.7) 9(6.3) 45(30.0) 27.698 0.000

Smoking 6(33.3) 63(43.8) 39(26) 10.208 0.006
Drinking 3(16.7) 69(47.9) 36(24.0) 21.219 0.000

CCI grade 19.480 0.001

Grade 0 6(33.3) 18(12.5) 15(10.0)
Grade 1 12(66.7) 57(39.6) 75(50.0)

Past medical history
Coronary heart disease 6(33.3) 102(70.8) 120(80.0) 18.414 0.000

Hyperlipidemia 9(50.0) 51(35.4) 54(36) 1.499 0.473

Arrhythmology 3(16.7) 81(56.3) 114(76.0) 30.301 0.000
Valvular disease 3(16.7) 6(4.2) 6(4.0) 5.856 0.054

Cardiomyopathy 3(16.7) 9(6.3) 6(4.0) 4.841 0.089

Heart failure 3(16.7) 3(2.1) 15(10.0) 10.306 0.006
Diabetes 9(50.0) 63(43.8) 69(46.0) 0.327 0.849

Peptic ulcer disease 12(66.7) 81(56.3) 84(56.0) 0.768 0.681

Chronic kidney disease 0(0.0) 6(4.2) 15(10.0) 5.344 0.069
Chronic lung disease 3(16.7) 27(18.8) 21(14.0) 1.210 0.546

Tumor 3(16.7) 6(4.2) 6(4.0) 5.856 0.054

Laboratory results
Hb 131(116,141) 130(119,137) 122(110,133) 14.969 0.001

RBC 4.36(3.62,4.47) 4.10(3.79,4.40) 3.88(3.38,4.11) 17.549 0.000

WBC 7.12(6.63,8.65) 5.79(5.14,6.72) 5.72(4.85,7.42) 12.210 0.002

PLT 189(188,254) 177(144,200) 157(132,211) 19.778 0.000

CRP 0.06(0.03,0.08) 0.13(0.05,0.28) 0.15(0.08,0.41) 14.662 0.001

FIB 2.84(2.74,3.02) 2.79(2.51,3.32) 3.32(2.74,4.01) 21.988 0.000
D-dimer 0.24(0.23,0.70) 0.35(0.22,0.71) 0.71(0.37,1.22) 37.299 0.000

ALB 40.2(38.7,41.3) 39.1(36.8,41.8) 36.2(33,39.7) 54.397 0.000

TC 3.48(3.13,3.58) 3.15(2.89,3.72) 2.97(2.60,3.70) 10.035 0.007
BUN 8.1(6.6,9.2) 6.9(5.5,9.0) 7.6(5.5,10.3) 1.726 0.422

SCr 75(69,90) 90(78,111) 94(74,115) 9.473 0.009

TG 1.48(1.16,1.57) 1.04(0.79,1.53) 1.03(0.80,1.46) 3.482 0.175
TNI 0(0,0) 0.001(0,0.015) 0.007(0,0.025) 30.926 0.000

NT-proBNP 48(24.8,72.3) 160.9(79.4,694) 392.7(198.2,1739) 47.546 0.000

GLU 4.41(4.41,4.49) 4.92(4.52,5.44) 5.28(4.64,6.53) 17.974 0.000
Echocardiography
LVEF 64(61,66) 61(58,65) 61(56,63) 16.803 0.000

IVSD 10(9,10) 10(10,11) 11(10,12) 11.256 0.004
LVPWD 10(10,11) 10(10,11) 10(10,10) 0.966 0.617

LVEDD 46(45,50) 50(47,53) 48(46,52) 9.568 0.008

LVESD 33(28,33) 33(31,36) 33(31,36) 4.061 0.131

Note: Data are shown as number (percentage) or median (min and max). 
Abbreviations: CCI, Charlson comorbidities index; Hb, Hemoglobin; RBC, Erythrocyte; WBC, Leukocyte; PLT, Platelets; CRP, 
C-reactive protein; FIB, Fibrinogen; ALB, Serum albumin; TC, Serum total cholesterol; BUN, Urea nitrogen; SCr, Serum creatinine; 
TG, Triglyceride; TNI, Troponin I; NT-proBNP, N-terminal pro-B-type natriuretic peptide; GLU, Fasting blood glucose; LVEF, left 
ventricular ejection fraction; IVSD, Interventricular Septal Thickness at Diastole; LVPWD, left ventricular posterior wall; LVEDD, 
Left ventricular end diastolic dimension; LVESD, Left ventricular end-systolic dimension.

International Journal of General Medicine 2024:17                                                                             https://doi.org/10.2147/IJGM.S465973                                                                                                                                                                                                                       

DovePress                                                                                                                       
3377

Dovepress                                                                                                                                                               Xu et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Establish Logistic Regression Prediction Model
Logistic Regression Prediction Model of Frailty in Older Hypertensive Patients

(1) CCI grade 0: P=1/(1+exp(16.069–3.074X1-0.137X2-2.453X3-2.668X4-1.694X5+0.470X6-0.941X7-1.625X8 
+1.067X9-0.262X10-0.398X11+0.091X12))

(2) CCI grade 1: P=1/(1+exp(16.069+0.014X0-3.074X1-0.137X2-2.453X3-2.668X4-1.694X5+0.470X6-0.941X7- 
1.625X8+1.067X9-0.262X10-0.398X11+0.091X12))

(3) CCI grade 2: P=1/(1+exp(16.069+1.014X0-3.074X1-0.137X2-2.453X3-2.668X4-1.694X5+0.470X6-0.941X7- 
1.625X8+1.067X9-0.262X10-0.398X11+0.091X12))

This model is used for preliminary prediction of frailty in older hypertensive patients to predict whether frailty will occur 
in older hypertensive patients. The closer the P-value is to 1, the more likely the patient is to have frailty. The closer the 
P-value is to 0, the less likely the patient is to have frailty.

Prediction Effect Evaluation of Logistic Regression Models
(1) Wald test was used, χ2= 9.617, df=1, P=0.002, the coefficient of regression equation was statistically significant.
(2) Goodness of fit test of Logistic regression equations. 

The Hosmer-Lemeshow goodness of fit test results obtained χ2=12.287, df=8, P=0.139, indicating a good fit of the 
model.

(3) Discriminant ability of logistic regression equations.

The ROC curve was drawn with “1-specificity” as the abscissa and “sensitivity” as the ordinate. When 0.5≤the area under 
the curve (AUC) <0.7, it was considered that the discriminant value of the model was acceptable When 0.7≤AUC<0.9, it 
was considered that the discriminant value of the model was favorable. When 0.9≤AUC, the value of the model was 
considered outstanding.

The results of this study show that the AUC of the prediction probability of the new variable was 0.915, indicating 
that the discriminant effect of the model was very good. The AUC of the comprehensive index was higher than that of 

Table 2 Logistic Regression Analysis of Factors Related to Frailty in Old 
Hypertension Patients

Correlation Factor B S.E. Wald P OR 95% CI

CCI grade 7.021 0.030

Grade 1 −0.014 0.559 0.001 0.980 0.986 0.329–2.952

Grade 2 −1.014 0.567 3.202 0.074 0.363 0.120–1.101
Gender 3.074 0.853 12.982 0.000 21.618 4.062–115.061

Age 0.137 0.028 24.558 0.000 1.147 1.086–1.211

Bedridden 2.453 0.645 14.459 0.000 11.620 3.282–41.140
Arrhythmia 2.668 0.587 20.629 0.000 14.414 4.558–45.585

Heart failure 1.694 0.849 3.975 0.046 5.439 1.029–28.740
CRP −0.470 0.210 4.987 0.026 0.625 0.414–0.944

FIB 0.941 0.328 8.208 0.004 2.562 1.346–4.875

D-dimmer 1.625 0.500 10.579 0.001 5.079 1.907–13.522
ALB 0.114 0.066 2.969 0.085 1.121 0.984–1.276

TC −1.067 0.336 10.083 0.001 0.344 0.178–0.665

TNI 0.262 0.120 4.779 0.029 1.300 1.028–1.645
GLU 0.398 0.133 8.912 0.003 1.489 1.146–1.933

LVEDD −0.091 0.042 4.704 0.030 0.913 0.842–0.991

Constant −16.069 5.182 9.617 0.002 0.000

Abbreviations: CCI, Charlson comorbidities index; CRP, C-reactive protein; FIB, Fibrinogen; ALB, 
Serum albumin; TC, Serum total cholesterol; TNI, Troponin I; GLU, Fasting blood glucose; LVEDD, 
Left ventricular end diastolic dimension.
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other indices (P<0.05), indicating that the comprehensive index more accurately identified frailty, and performed better 
than that of the single index for the identification of frailty (Figure 1 and Table 3).

Analysis of Clinical Prognosis of Follow-Up Patients
Difference in Clinical Prognosis of Patients
The patients were followed up and 273 patients were discharged. There were 51 cases (51.5%) in the frail group, 27 cases 
(23.1%) in the pre-frail group, and none in the non-frail group. The difference between the three groups was statistically 
significant (χ2 = 26.442, P<0. 001) (see Table 4). There were 24 (16%) all-cause deaths in the frail group, 6 (4.2%) in the 
pre-frail group, and no deaths in the non-frail group. The mortality difference among the three groups was statistically 
significant (P= 0.001) (see Table 5).

Analysis of Factors Influencing the Clinical Prognosis of Older Hypertensive Patients
The factors influencing readmissions in older patients with hypertension were studied, and the single factors with statistical 
significance were analyzed by binary logistic regression (backward Wald). It was found that frailty score, coronary heart 
disease, left ventricular ejection fraction, and statistically significant differences in left ventricular end-diastolic diameter were 
independent risk factors influencing readmissions in older patients with hypertension (Tables 6 and 7). The factors affecting 
the death of older patients with hypertension were studied, and the single factors with statistical significance were analyzed by 
binary logistic regression (backward Wald), and statistically significant differences were found in age, length of hospital stay, 
smoking, LVEF, LVEDD and LVESD (Tables 6 and 8).

Discussion
Hypertension is recognized as a significant factor influencing the health of older adults. Antihypertensive treatments can 
reduce strokes, cardiovascular events, and mortality in older hypertensive patients. However, managing blood pressure in 
older adults is complex due to the coexistence of geriatric syndromes like frailty and other comorbidities. Recent 
guidelines19 recommend considering the functional status of older individuals when setting blood pressure targets, 

Figure 1 Logistic regression prediction model ROC curve.
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Table 3 Area Under Curve

Test Result Variable Area chart The Standard Errora Asymptotically  
Significant Levelb

95% CI

CCI grade 0.488 0.034 0.717 0.420–0.555

Gender 0.564 0.034 0.062 0.497–0.631

Age 0.805 0.026 0.000 0.754–0.856
Bedridden 0.607 0.034 0.002 0.542–0.673

Arrhythmia 0.612 0.033 0.001 0.547–0.677

Heart failure 0.543 0.034 0.212 0.476–0.610
CRP 0.595 0.034 0.006 0.529–0.661

FIB 0.675 0.032 0.000 0.612–0.737
D-dimmer 0.710 0.030 0.000 0.651–0.769

TC 0.409 0.034 0.008 0.342–0.476

TNI 0.645 0.033 0.000 0.581–0.709
GLU 0.625 0.033 0.000 0.560–0.690

LVEDD 0.417 0.034 0.015 0.351–0.483

Forecast probability 0.910 0.017 0.000 0.877–0.942

Notes: aAssume nonparametric. bOriginal hypothesis: real area =0.5. 
Abbreviations: CCI, Charlson comorbidities index; CRP, C-reactive protein; FIB, Fibrinogen; TC, Serum total cholesterol; TNI, 
Troponin I; GLU, Fasting blood glucose; LVEDD, Left ventricular end diastolic dimension.

Table 4 Follow-Up Readmissions of Old Patients with Hypertension

Frailty State Zero Times One Time Two Times Three Times χ2 P

Non-frail group(n=15) 15(100.0) 0(0.0) 0(0.0) 0(0.0) 26.442 <0.001

Pre-frail group(n=117) 90(76.9) 24(20.5) 3(2.6) 0(0.0)

Frail group(n=99) 48(48.5) 48(48.5) 0(0.0) 3(3.0)

Table 5 Follow-Up Outcomes of Old Patients with Hypertension

Frailty State The Alive The Dead χ2 P

Non-frail group(n=18) 18(100.0) 0(0.0) 13.870 0.001
Pre-frail group(n=142) 138(97.2) 6(4.2)

Frail group(n=150) 126(84.0) 24(16.0)

Table 6 Univariate Analysis of Readmissions and All-Cause Death in Old Patients with Hypertension

Patient Characteristics Non- Readmissions Readmissions P The Alive The Dead P

Male 144 (94.1) 69 (88.5) 0.129 258 (91.5) 27 (90.0) 1.000

Age 81 (71,90) 87.5 (83,94) 0.000 84 (75,93) 95 (93,97) 0.000

Length of stay 21 (14,31) 23 (13,34) 0.524 22 (14,40) 101 (25,269) 0.000
Bedridden 15 (9.8) 15 (19.2) 0.044 42 (14.9) 15 (50.0) 0.000

Smoking 57 (37.3) 18 (23.1) 0.030 105 (37.2) 3 (10.0) 0.003
Drinking 69 (45.1) 27 (34.6) 0.126 99 (35.1) 9 (30.0) 0.576

Frailty score 2 (1,3) 3 (2,4) 0.000 2 (1,3) 3 (3,4) 0.007

CCI grade 0.008 0.027
Grade 1 27 (17.6) 3 (3.8) 132 (46.8) 12 (40.0)

Grade 2 57 (37.3) 39 (50.0) 111 (39.4) 18 (60.0)

(Continued)
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Table 6 (Continued). 

Patient Characteristics Non- Readmissions Readmissions P The Alive The Dead P

Past medical history

Coronary heart disease 96 (62.7) 69 (88.5) 0.000 201 (71.3) 27 (90.0) 0.028
Hyperlipidemia 54 (35.3) 24 (30.8) 0.492 108 (38.3) 6 (20.0) 0.048

Arrhythmology 93 (60.8) 60 (76.9) 0.014 177 (62.8) 21 (70.0) 0.434

Valvular disease 9 (5.9) 0 (0) 0.068 12 (4.3) 3 (10.0) 0.342
Cardiomyopathy 9 (5.9) 0 (0) 0.068 15 (5.3) 3 (10.0) 0.526

Heart failure 6 (3.9) 9 (11.5) 0.026 18 (6.4) 3 (10.0) 0.713

Diabetes 66 (43.1) 39 (50.0) 0.322 123 (43.6) 18 (60.0) 0.087
Peptic ulcer disease 90 (58.8) 45 (57.7) 0.869 165 (58.5) 12 (40.0) 0.052

Chronic kidney disease 9 (5.9) 9 (11.5) 0.129 15 (5.3) 6 (20.0) 0.008

Chronic lung disease 18 (11.8) 27 (34.6) 0.000 45 (16.0) 6 (20.0) 0.757
Tumor 12 (7.8) 3 (3.8) 0.244 15 (5.3) 0 (0) 0.398

Echocardiography
LVEF 62 (58,65) 60 (56,63) 0.003 61 (58,64) 54.5 (44,58) 0.000
IVSD 10 (10,11) 11 (10,11) 0.300 10 (10,11) 10.5 (10,11) 0.851

LVPWD 10 (10,11) 10 (10,10) 0.808 10 (10,11) 10 (10,10) 0.544

LVEDD 50 (47,53) 48.5 (46,51) 0.022 50 (46,52) 46.5 (43,50) 0.012
LVESD 33 (31,36) 32 (32,36) 0.784 33 (31,35) 35.5 (33,37) 0.004

Abbreviations: CCI, Charlson comorbidities index; LVEF, left ventricular ejection fraction; IVSD, Interventricular Septal Thickness at Diastole; 
LVPWD, left ventricular posterior wall; LVEDD, Left ventricular end diastolic dimension; LVESD, Left ventricular end-systolic dimension.

Table 7 Logistic Analysis of Readmissions Risk Factors in Old Patients with 
Hypertension

Risk Factor B S.E. Wald P OR 95% CI

Frailty score 0.365 0.142 6.587 0.010 1.441 1.090–1.905
CCI grade 5.236 0.073

Grade 1 0.540 0.756 0.511 0.475 1.717 0.390–7.552

Grade 2 −0.312 0.777 0.162 0.688 0.732 0.160–3.354
Coronary heart disease 1.546 0.477 10.518 0.001 4.693 1.844–11.948

Chronic lung disease 1.520 0.412 13.645 0.000 4.574 2.042–10.248

LVEF −0.111 0.032 12.247 0.000 0.895 0.841–0.952
LVEDD −0.085 0.036 5.473 0.019 0.918 0.855–0.986

Constant 7.674 3.162 5.890 0.015 2151.470

Abbreviations: CCI, Charlson comorbidities index; LVEF, left ventricular ejection fraction; LVEDD, Left 
ventricular end diastolic dimension.

Table 8 Logistic Analysis of All-Cause Mortality Risk Factors in Old 
Patients with Hypertension

Risk Factor B S.E. Wald P OR 95% CI

Age 0.183 0.059 9.719 0.002 1.201 1.070–1.348

Length of stay 0.005 0.002 4.906 0.027 1.005 1.001–1.009
Smoking −2.315 0.835 7.689 0.006 0.099 0.019–0.507

Hyperlipidemia 1.307 0.725 3.246 0.072 3.694 0.892–15.309

LVEF −0.182 0.045 16.204 0.000 0.834 0.763–0.911
LVEDD −0.249 0.081 9.480 0.002 0.780 0.666–0.914

LVESD 0.265 0.087 9.288 0.002 1.304 1.099–1.546

Constant −6.310 6.705 0.886 0.347 0.002

Abbreviations: LVEF, left ventricular ejection fraction; LVEDD, Left ventricular end diastolic 
dimension; LVESD, Left ventricular end-systolic dimension.
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underscoring the importance of understanding and controlling frailty risk factors to improve the prognosis of older adults 
with hypertension. Managing hypertension in frail older patients presents unique challenges. Current hypertension 
guidelines have suggested frailty screening among older hypertensive patients, with new recommendations for blood 
pressure-lowering treatment in the frail population. However, the quality and consistency of these guidelines, as well as 
the supporting evidence for antihypertension treatment recommendations for frail older patients, are still unclear. 
A systematic review20 of existing guidelines found considerable variations in methodology and reporting quality, and 
the recommendations were varied and inconsistent. This points to an urgent need for further trials to optimize treatment 
and develop specific guidelines for managing frail older hypertensive patients. A systematic review and meta-analysis8 

aimed to understand the association between hypertension and frailty in observational studies. The review, which 
included 27 studies out of an initial 964 articles, provided conflicting results. While some studies reported 
a significantly higher prevalence of frailty in hypertensive participants, others found no significant association. The 
pooled prevalence of hypertension in frail individuals was 72%, and the prevalence of frailty in individuals with 
hypertension was 14%. These findings indicate that frailty is common in persons with hypertension, and highlight the 
importance of assessing frailty in hypertensive patients due to its potential influence on the risk-benefit ratio of 
hypertension treatment.

In this study, the FP scale was used to evaluate frailty in 312 hospitalized older patients with hypertension, and the results 
showed that the detection rate of frailty was 48.1%. A meta-analysis of 23 cross-sectional studies showed that the prevalence of 
frailty was 14% in people over 60 years of age with hypertension.11 In recent years, relevant domestic studies have found that the 
detection rate of frailty in hospitalized patients in the geriatric department is 50%-80%,21 while the detection rate of frailty in 
Chinese community older people with hypertension is 19.6%.22 The reason for the high frailty detection rate in this study may be 
that the included patients were older, with more older patients and skewed age distribution. In addition, in this study, the detection 
rate of pre-frail was as high as 46.2%. Over time, patients may transition between different stages of frailty (non-frail, pre-frail, 
frail), with their condition potentially deteriorating, improving, or remaining stable A study23 by Fudan University on the 
transitions in frailty status found that during the follow-up period, the proportion of older individuals who remained in the pre- 
frail stage was 34.39%, while those transitioning to frailty and death were 28.14% and 27.27%, respectively. Among those in the 
frail stage, 30.69% remained frail, with 9.38% reverting to pre-frailty and 58.24% leading to death. Therefore, early identification 
and intervention for these patients are crucial to avoid or delay the progression of frailty. Because frailty is reversible, studies have 
found that frailty can be improved or prevented with appropriate interventions. For example, proper nutrition is essential to 
prevent and improve frailty. Studies have shown that protein and vitamin D supplementation can improve muscle mass and 
function.24 Regular physical exercise, especially the combination of resistance training and aerobic exercise, can significantly 
improve the physical function of frail elderly people.25 Through pharmacological intervention, certain medications may help 
improve frailty-related symptoms, such as sarcopenia.26 Other studies have found that social support and psychological 
intervention can improve the quality of life and functional status of the debilitated elderly. However, frailty is a complex problem 
with many influencing factors, so how to develop personalized and targeted intervention measures for patients with frailty is very 
important. In this study, a frailty prediction model for older hypertensive patients was developed. This risk prediction model can 
assist healthcare professionals in identifying high-risk older individuals, guiding the formulation of personalized intervention 
measures, in hopes of achieving an early reversal of the frailty status.

In current research,27,28 the prevalence of frailty exhibits inconsistencies and may be underestimated. It is a multifactorial 
syndrome associated with many factors. Studies show that frailty increases with the number of health deficits and the presence 
of multiple comorbidities. A 2023 systematic review with meta-analysis29 examined the risk factors associated with (pre) 
frailty in this population. The authors included only 14 articles and concluded that frailty and prefrailty are prevalent in 
community dwelling older adults with hypertension, but limited risk factors were identified. This study further clarifies the 
influencing factors of this population and provides a basis for the development of targeted and individualized intervention 
measures. In this study, by binary logistic regression analysis, it was found that Charson’s grade, gender, age, whether or not to 
immutate, arrhythmia, heart failure, CRP, FIB, Ddimmer (D-dimer), TC, TNI, GLU and LVEDD were related factors affecting 
the weakness of older patients with hypertension (P < 0.05). Frailty in the older people and many chronic diseases, such as 
hypertension, arrhythmias, and heart failure, often interact with each other, forming a complex network of interactions. 
Delving into the relationship between frailty in the older people and cardiovascular diseases helps to understand the 
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interactions and comorbid mechanisms between the two. A large-scale prospective cohort study30 investigated 5015 com-
munity-dwelling individuals aged 55 and above, free of cardiovascular disease (CVD), over a 10-year period. The study found 
that pre-frailty and frailty were significantly associated with an increased overall risk of CVD. The research indicates that 
frailty often coexists with cardiovascular diseases such as coronary artery disease (CAD), heart failure, and atrial fibrillation.31 

Frail patients undergoing revascularization for CAD have higher complication rates. A study32 of 1432 older adults aged 65 to 
88 years from the Longitudinal Aging Study examined the bidirectional longitudinal association between CVD and frailty 
over 17 years. It found that patients with HF had a significantly increased risk of frailty after a median follow-up of 8.4 years, 
independent of potential confounders like age, sex, and several comorbidities. The functional decline caused by cardiovascular 
diseases can lead to reduced blood flow, affecting the supply of oxygen and nutrients to various parts of the body. This, in turn, 
may result in a decrease in muscle mass and function, which is one of the primary manifestations of frailty in the older people. 
Cardiovascular diseases are often accompanied by chronic inflammatory responses, and chronic inflammation is an important 
factor in frailty. For example, inflammatory markers such as C-reactive protein and white blood cells are typically higher in 
patients with cardiovascular diseases, and this is also associated with the development of frailty in the older patients. Patients 
with cardiovascular diseases often have limited mobility, which can lead to reduced physical activity, thereby accelerating the 
loss of muscle mass and the progression of frailty. There is a complex interrelationship between frailty and cardiovascular 
diseases, and these findings are significant for improving the treatment and management of patients with cardiovascular 
diseases.

Existing research29–34 has confirmed that frailty is an important risk factor for adverse health outcomes such as falls, death, 
and hospitalization, although the impact of frailty on the life expectancy of the older people is not fully clear. In this study, by 
following up on readmission and all-cause mortality in older patients with hypertension, it was found that the rate of readmission 
was significantly higher in the frail and pre-frail groups compared to the non-frail group, with a statistically significant difference. 
Multivariate logistic regression analysis confirmed that frailty is an independent risk factor for readmission in older hypertensive 
patients. When older hypertensive patients are frail, adverse events such as cognitive decline, falls, and malnutrition may occur, 
reducing their daily living abilities and quality of life, increasing the risk of illness, and further leading to readmission. This study 
also found that frailty is not an independent risk factor for all-cause mortality in patients. This conclusion may be inconsistent 
with existing research, possibly due to the shorter duration of the follow-up period.

This study had several limitations. This study only included older hypertensive patients hospitalized in the geriatric 
department of our hospital, mostly male patients, with a small sample size, there is a certain bias, and more multi-center, 
large-sample studies are needed to confirm. The current research on how to effectively intervene in the frailty state of 
hypertensive patients may not be sufficient, and the long-term effectiveness and safety of intervention measures still need 
further verification. Hypertension and frailty may be related to other health conditions and lifestyle factors, and 
accurately separating and controlling the impact of these factors on research results is a challenge. There is insufficient 
long-term tracking research on the frailty status of hypertensive patients, which limits a deeper understanding of the 
development process and outcomes of frailty.

Conclusion
In 312 hospitalized elderly patients with hypertension, the frailty detection rate was 48.1%. Frailty is associated with 
readmission in older patients with hypertension, but not with all-cause mortality. The CCI grade, gender, age, bedridden, 
arrhythmias, heart failure, CRP, LVEDD, etc., are closely related to frailty in older hypertensive patients. A frailty 
prediction model for older hypertensive patients has been established. This risk prediction model can help healthcare 
professionals identify high-risk older individuals. It aids in the development of specific intervention measures for 
cardiovascular disease patients, focusing on high-risk patients and influential factors. Molecular biological research is 
being conducted to explore the molecular and cellular mechanisms between age-related frailty and chronic diseases, such 
as inflammatory pathways, insulin signaling, and oxidative stress responses. These studies contribute to a better under-
standing of the complex relationships associated with aging.
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