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Background: As a new obesity-related index, the weight-adjusted waist 
circumference index (WWI) seems to be a good predictor of cognitive decline in 
hypertensive patients. This study aimed to verify the relationship between WWI 
and cognitive decline in Chinese hypertensive patients.

Methods: Data were obtained from the Hypertension Follow-up System of 
Shandong Province. WWI was calculated by dividing waist circumference by the 
square root of body weight, and cognitive decline was judged based on Mini-
Mental State Examination (MMSE) scale scores. Multivariate logistic regression 
models and subgroup analyses were used to assess the relationship between 
WWI and cognitive decline in hypertensive patients.

Results: A total of 2,204 participants were included. There was a positive 
association between WWI and cognitive decline in hypertension (HCD). After 
adjusting for all covariates, a one-unit increase in WWI was associated with a 
12% increase in the risk of cognitive decline in hypertensive patients (OR: 1.12, 
95%CI: 1.04–1.21). In addition, the multivariable-adjusted OR for the highest 
quartile (11.16–16.76) compared with the lowest quartile of WWI (7.00–10.11) 
was 1.61 (95% CI: 1.30–2.00).

Conclusion: In Chinese hypertensive patients, high levels of WWI were 
significantly associated with an increased risk of cognitive decline. This finding 
suggests that WWI may be an indicator of the risk of cognitive decline affecting 
hypertensive patients.
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Introduction

The relationship between hypertension and cognitive decline is 
garnering increasing attention. Hypertension is not only a significant 
risk factor for cardiovascular disease but may also contribute to 
cognitive deterioration. Research has demonstrated that hypertensive 
patients face a markedly elevated risk of cognitive decline attributable 
to various etiologies, encompassing vascular dementia and Alzheimer’s 
disease (1–3). In a study involving women, those with hypertension 
who did not effectively manage their blood pressure exhibited a 30% 
higher risk of cognitive decline compared to untreated patients with 
well-controlled blood pressure (4).

The social burden of hypertension accompanied by cognitive 
decline is significant and cannot be ignored. As ages, cognitive decline 
not only diminishes the quality of life for patients (5), but also places 
significant strain on families and the broader community (6). 
Moreover, hypertension associated with cognitive decline is 
recognized as a critical factor influencing all-cause mortality among 
the older adults. Studies have shown that patients with both cognitive 
impairment and hypertension have an increased risk of all-cause 
death compared to patients with only cognitive impairment or 
hypertension (7). Consequently, there is an urgent need to identify a 
variable and measurable indicator that can help reduce the incidence 
of cognitive decline in individuals with hypertension.

Park et  al. proposed the weight-adjusted waist circumference 
index (WWI) as a novel measurement in 2018 (8, 9). Unlike the body 
mass index (BMI) or waist circumference (WC), WWI considers the 
relationship between waist circumference and body weight, offering a 
more comprehensive understanding of body fat distribution (10). 
WWI was calculated as WC (cm) divided by the square root of weight 
(kg) (9), because the calculation of WWI only needs to measure waist 
circumference and weight, and the data is easy to obtain, it is suitable 
for large-scale epidemiological investigation and clinical screening. 
Recent studies have indicated that WWI may be  linked to the 
development of hypertension (8, 11) and dementia (12).

Therefore, the aim of this study was to evaluate the association 
between WWI and cognitive decline in a hypertensive population in 
China, thereby providing a foundation for the early identification of 
cognitive decline among hypertensive patients.

Methods

Study design and data sources

This study was a multicenter observational investigation involving 
hospitalized patients with hypertension. The Affiliated Hospital of 
Shandong University of Traditional Chinese Medicine collaborated 
with nine hospitals located in Jinan, Weifang, Yantai, Tai’an, Dongying, 
and Jining. Hypertensive patients underwent comprehensive 
evaluation of: (a) general health status, (b) physical activity levels, (c) 
sleep quality, and (d) cognitive function. A total of 6,098 patients were 
enrolled from May 2022 to July 2024. The subjects of this study were 
patients with essential hypertension aged over 40 years. Patients with 
secondary hypertension, renal impairment, comorbid mental 
disorders, and those with a history of alcohol or psychotropic drug 
abuse were excluded. After matching patients with hypertension and 
cognitive decline to cognitively normal hypertensive patients by age 

and sex in a 1:1 ratio, 2,726 patients were included in the final analysis, 
comprising 1,363 patients with cognitive decline and 1,363 cognitively 
normal patients.

Sample size calculation
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Among them, α is the type I error, β is the type II error, p0, and p1 
represent the estimated exposure values of the control and exposed 
groups of the target population, respectively, q1 = (1 − p1), q0 = (1 − 
p0), and p1 = p0OR/ [1 + p0(OR − 1)] (13).

In a previous meta-analysis of the relationship between 
hypertension and cognitive decline, the prevalence of cognitive 
decline in hypertensive patients was 30% (14), so p0 = 0.30, then 
p1 = 0.46, with an expected OR = 2.0, α = 0.05, and β = 0.10. 
Substituting into the above formula, and since this study used 1:1 for 
matching, a minimum of 186 case groups and 186 control samples. 
Considering the follow-up miss rate, a total of 2,726 patients were 
finally included in this study.

Diagnostic criteria

Hypertension is defined as a systolic blood pressure (SBP) of 
140 mmHg or higher, a diastolic blood pressure (DBP) of 90 mmHg 
or higher, or the current use of antihypertensive medications (15). It 
is classified into three grades, Grade 1: SBP 140–159 mmHg and/or 
DBP  90–99 mmHg; Grade 2: SBP  160–179 mmHg and/or 
DBP  100–109 mmHg; Grade 3: SBP ≥ 180 mmHg and/or 
DBP ≥ 110 mmHg. Cognitive function was assessed using the Mini-
Mental State Examination (MMSE), which evaluates five cognitive 
domains: orientation, attention, memory, language, and visuospatial 
abilities. The MMSE is a validated screening tool for cognitive decline 
and impairment that detects and differentiates between patients with 
cognitive decline and those with intact cognition (16, 17). The total 
score for the MMSE is 30, with higher scores reflecting better cognitive 
function. In this study, MMSE scores ranging from 18 to 27 were 
defined as early cognitive decline (18).

The WWI is determined by dividing the waist circumference (WC, 
measured in centimeters) by the square root of body weight (measured 
in kilograms) (10). Body weight and WC were assessed 
anthropometrically by trained healthcare professionals, whose 
proficiency was regularly verified. To ensure accuracy, subjects were 
advised to wear minimal clothing during weighing. Waist circumference 
was measured using a tape measured at specific anatomical landmarks.

Ascertainment of covariates

Blood pressure was measured by a qualified nurse in a quiet 
environment. Additionally, fasting blood glucose (FBG), triglycerides 
(TG), total cholesterol (TC), high-density lipoproteins (HDL-C), 
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low-density lipoproteins (LDL-C), and serum creatinine (Scr) levels 
were assessed in all subjects after an overnight fast.

Physical activity levels were measured using the Chinese version 
of the International Physical Activity Questionnaire Long Form 
(IPAQ-LC), which is reliable and shows adequate evidence of validity 
(19, 20).

Statistical analysis

Continuous variables collected from participants were tested for 
normality according to the characteristics of the data; data conforming 
to a normal distribution were expressed as mean ± standard deviation 
(SD), and data not conforming to a normal distribution were 
expressed as median and interquartile range (IQR). Qualitative 
variables were expressed as relative numbers or percentages. WWI 
was transformed from a continuous variable to a categorical variable 
(quartile), and differences between subjects grouped by quartiles of 
WWI were compared in a multivariate logistic regression using 
quartile (Q1) as the reference group: Model 1 was not adjusted for any 
confounding variables and represented a univariate analysis. Model 2 
was adjusted for sex, age, education level, marital status, type of work, 
smoking and drinking. The primary physiological and biochemical 
indicators (SBP, DBP, BMI, FBG, TG, TC, HDL-C, LDL-C, Scr) were 
incorporated into Model 2 to develop Model 3. Considering the 
impact of sleep disorders on HCD, Model 4 included the prevalence 
of sleep disorders in hypertensive patients. Data processing and 
analysis were performed using R version 4.4.0, along with Zstats 1.0.1

Results

Baseline clinical characteristics of subjects

Table  1 summarizes the baseline characteristics of hypertensive 
patients with normal cognitive function and those with cognitive decline. 
The mean age of the participants in this study was 72 years. The gender 
distribution was 44.7% male and 55.3% female. The risk of cognitive 
decline was higher among the older adults with hypertensive patients 
(p < 0.05).

Table 2 categorizes the participants into quartiles based on their 
WWI values. Q1 corresponds to values ranging from 7.00 to 10.11, Q2 
from 10.11 to 10.62, Q3 from 10.62 to 11.16, and Q4 from 11.16 to 
16.76. The prevalence of cognitive decline significantly increased with 
higher WWI index among hypertensive patients (Q1: 41.75%; Q2: 
50.07%; Q3: 54.37%; Q4: 53.64%, p < 0.001).

Associations between MMSE scores and 
multidimensional factors

Figure 1 shows a significant negative correlation between age, 
WWI, PSQI, and MMSE scores in this study (p < 0.001). 
Additionally, significant positive correlations were observed 

1 www.zstats.net

TABLE 1 Baseline characteristics of hypertensive patients with normal 
cognitive function and cognitive decline.

Variables Normal 
cognitive 
function

(n = 1,363)

Cognitive 
decline

(n = 1,363)

p

Age, years 72.72 ± 8.62 72.75 ± 8.68 0.926

Sex (Male), n (%) 615 (45.12) 604 (44.31) 0.672

Smoking, n (%) 153 (11.23) 132 (9.68) 0.189

Drinking, n (%) 178 (13.06) 150 (11.01) 0.099

MMSE score 29.31 ± 0.79 25.23 ± 2.34 < 0.001*

Marital status, n (%) 0.011*

Unmarried, divorced, or 

widowed

58 (4.26) 88 (6.46)

Married 1,305 (95.74) 1,275 (93.54)

Educational level, n (%) < 0.001*

Illiteracy 132 (9.68) 188 (13.79)

Primary school 588 (43.14) 711 (52.16)

Middle school and above 643 (47.18) 464 (34.04)

Type of work, n (%) < 0.001*

Manual labor 912 (66.91) 1,071 (78.58)

Mental labor 176 (12.91) 106 (7.78)

Both manual and brain 

labor

275 (20.18) 186 (13.65)

Physiological and biochemical indicators

SBP, mmHg 147.67 ± 19.17 146.93 ± 20.12 0.326

DBP, mmHg 84.54 ± 12.12 84.72 ± 11.86 0.694

Body weight, kg 68.98 ± 9.72 67.53 ± 10.43 < 0.001*

WC, cm 87.73 ± 10.13 87.78 ± 9.61 0.885

BMI, kg/m2 25.34 ± 3.04 25.09 ± 3.27 0.044*

FBG, mmol/L 5.92 (5.26, 7.29) 5.91 (5.20, 7.20) 0.560

TG, mmol/L 1.27 (0.92, 1.82) 1.25 (0.89, 1.79) 0.292

TC, mmol/L 4.55 (3.79, 5.35) 4.40 (3.58, 5.28) 0.003*

HDL-C, mmol/L 1.21 (1.02, 1.45) 1.22 (0.99, 1.47) 0.995

LDL-C, mmol/L 2.72 (2.08, 3.42) 2.54 (1.90, 3.24) < 0.001*

Scr, mg/dl 0.74 (0.63, 0.89) 0.75 (0.63, 0.88) 0.889

WWI index
10.54 (9.99, 11.10) 10.68 (10.21, 

11.18)

0.001*

Sleep parameters

PSQI score 6.00 (4.00, 8.00) 8.00 (6.00, 10.00) < 0.001*

Sleep disorders, n (%) 478 (35.07) 700 (51.36) < 0.001*

Physical activity level, n (%) < 0.001*

Light 291 (21.35) 347 (25.46)

Moderate 784 (57.52) 842 (61.78)

Vigorous 288 (21.13) 174 (12.77)

Data are presented as the mean ± SD, median [IQR], or n (%). MMSE, Mini-mental 
State Examination; WC, waist circumference; BMI, body mass index; FBG, fasting 
blood glucose; TG, triglyceride; TC, total cholesterol; HDL-C, High density lipoprotein 
cholesterol; LDL-C, low-density lipoprotein cholesterol; Scr, serum creatinine; WWI, 
weight-adjusted waist; PSQI, Pittsburgh sleep quality index. *Statistically significant (p 
< 0.05).
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TABLE 2 Baseline characteristics of the study population based on the weight-adjusted waist index.

Variables Q1 (7.00 ~ 10.11)
(n = 673)

Q2 (10.11 ~ 10.62)
(n = 681)

Q3 (10.62 ~ 11.16)
(n = 686)

Q4 (11.16 ~ 16.76)
(n = 686)

p

Age, years 73.27 ± 9.47 72.62 ± 8.57 71.81 ± 8.24 73.23 ± 8.19 0.005*

Sex (Male), n (%)

365 (54.23) 326 (47.87) 294 (42.86) 234 (34.11) < 0.001*

Smoking, n (%)

94 (13.97) 64 (9.40) 76 (11.08) 51 (7.43) < 0.001*

Drinking, n (%)

101 (15.01) 74 (10.87) 75 (10.93) 78 (11.37) < 0.001*

MMSE score

27.78 ± 2.38 27.31 ± 2.66 27.02 ± 2.81 26.99 ± 2.79 < 0.001*

Cognitive decline, n (%)

281 (41.75) 341 (50.07) 373 (54.37) 368 (53.64) < 0.001*

Marital status, n (%) 0.049*

Unmarried, divorced, or widowed

25 (3.71) 33 (4.85) 40 (5.83) 48 (7.00)

Married

648 (96.29) 648 (95.15) 646 (94.17) 638 (93.00)

Educational level, n (%) < 0.001*

Illiteracy

69 (10.25) 80 (11.75) 78 (11.37) 93 (13.56)

Primary school

272 (40.42) 335 (49.19) 351 (51.17) 341 (49.71)

Middle school and above

332 (49.33) 266 (39.06) 257 (37.46) 252 (36.73)

Type of work, n (%) < 0.001*

Manual labor

420 (62.41) 512 (75.18) 539 (78.57) 512 (74.64)

Mental labor

73 (10.85) 68 (9.99) 71 (10.35) 70 (10.20)

Both manual and brain labor

180 (26.75) 101 (14.83) 76 (11.08) 104 (15.16)

Physiological and biochemical indicators

SBP, mmHg

146.56 ± 19.04 148.97 ± 20.22 147.63 ± 20.08 146.05 ± 19.14 0.032*

DBP, mmHg

84.18 ± 11.83 86.10 ± 11.58 85.06 ± 12.83 83.17 ± 11.50 < 0.001*

Body weight, kg

69.92 ± 9.84 68.94 ± 9.69 67.70 ± 9.25 66.51 ± 11.22 < 0.001*

WC, cm

79.04 ± 7.18 85.85 ± 6.19 89.21 ± 6.14 96.75 ± 10.01 < 0.001*

BMI, kg/m2

25.12 ± 3.08 25.23 ± 2.97 25.17 ± 2.89 25.34 ± 3.65 0.623

FBG, mmol/L

5.94 (5.20, 7.40) 5.93 (5.29, 7.21) 5.81 (5.25, 7.21) 5.98 (5.22, 7.19) 0.702

(Continued)
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between TC, LDL-C and MMSE scores (p < 0.001). Although the 
correlations between these variables and MMSE scores were 
relatively weak, the findings suggest that increases in age, WWI, and 
PSQI scores may negatively impact cognitive functioning. On the 
contrary, higher TC and LDL-C levels were associated with better 
cognitive function. This finding seems to be contradictory because 
TC and LDL-C are usually associated with adverse cardiovascular 
outcomes. Previous studies have also obtained conflicting data on 
the relationship between blood lipids and cognitive function (21–
24), suggesting that the effects of TC and LDL-C on cognitive 
function may be dual.

Logistic regression analysis

Table 3 shows the relationship between WWI and HCD and the 
results of the multivariate logistic regression analysis. In the original 
model, there was a statistically significant positive correlation between 
WWI and HCD, with an OR of 1.13 (95% CI: 1.05 ~ 1.22; p < 0.001). 
In Model 2, after adjusting for factors such as age, sex, educational 
level, marital status, type of work, smoking and drinking, the positive 
association remained highly significant (OR = 1.11; 95% CI: 
1.03 ~ 1.20; p < 0.001). In Model 3, even after adjusting for additional 
variables including BMI, FBG, TG, TC, HDL-C, LDL-C, and Scr, the 
correlation between WWI and HCD continued to be  statistically 
significant (OR = 1.10; 95% CI: 1.02 ~ 1.19; p < 0.001). In Model 4, 
which was developed based on Model 3, this significant correlation 
persisted (OR = 1.12; 95% CI: 1.04 ~ 1.21; p < 0.001), even after 

accounting for sleep disorders. This indicates that the prevalence of 
cognitive decline among hypertensive patients increased by 12% with 
each unit increase in WWI. The statistical significance of the trend test 
showed that the strong correlation between WWI and cognitive 
decline in hypertensive patients persisted even after stratifying WWI 
into quartiles (p < 0.001). In Model 4, the prevalence of cognitive 
decline in hypertensive patients rose by 53% when comparing the 
highest quartile of WWI to the lowest quartile.

Discussion

In this case-control study based on a large sample size, 
we examined the association between a new obesity index WWI and 
cognitive decline in hypertensive populations. Cognitive decline 
involves multiple factors (25, 26). Therefore, understanding the risk 
factors associated with HCD is essential for effective prevention and 
treatment strategies, and WWI shows promise as a new predictor in 
the diagnosis of HCD.

With the rising prevalence of obesity and obesity-related 
diseases worldwide (27), it is essential to accurately assess obesity 
and identify individuals at risk for HCD in clinical practice. 
Previous studies have reported that the relationship between 
cognitive decline and obesity-related parameters is controversial, 
that is, the ‘obesity paradox’. Some studies have shown that the 
lower BMI, the better the cognitive function, and the higher BMI, 
the worse the cognitive function (28, 29). However, some other 
studies have shown that a higher BMI prevents cognitive decline, 

TABLE 2 (Continued)

Variables Q1 (7.00 ~ 10.11)
(n = 673)

Q2 (10.11 ~ 10.62)
(n = 681)

Q3 (10.62 ~ 11.16)
(n = 686)

Q4 (11.16 ~ 16.76)
(n = 686)

p

TG, mmol/L

1.24 (0.87, 1.72) 1.27 (0.91, 1.80) 1.25 (0.93, 1.87) 1.26 (0.93, 1.82) 0.296

TC, mmol/L

4.38 (3.59, 5.23) 4.56 (3.76, 5.32) 4.42 (3.67, 5.37) 4.54 (3.64, 5.38) 0.132

HDL-C, mmol/L

1.20 (1.00, 1.44) 1.22 (1.01, 1.46) 1.21 (1.00, 1.46) 1.23 (1.03, 1.47) 0.363

LDL-C, mmol/L

2.60 (2.04, 3.32) 2.67 (2.02, 3.39) 2.64 (2.02, 3.34) 2.58 (1.93, 3.34) 0.433

Scr, mg/dl

0.77 (0.64, 0.91) 0.74 (0.63, 0.88) 0.73 (0.62, 0.88) 0.73 (0.61, 0.86) < 0.001*

Sleep parameters

PSQI score

7.00 (5.00, 9.00) 7.00 (5.00, 9.00) 7.00 (5.00, 9.00) 7.00 (5.00, 9.00) 0.167

Sleep disorders, n (%)

294 (43.68) 277 (40.68) 314 (45.77) 293 (42.71) < 0.001*

Physical activity level, n (%) < 0.001*

Light 190 (28.23) 137 (20.12) 131 (19.10) 180 (26.24)

Moderate 386 (57.36) 408 (59.91) 452 (65.89) 380 (55.39)

Vigorous 97 (14.41) 136 (19.97) 103 (15.01) 126 (18.37)

Data are presented as the mean ± SD, median [IQR], or n (%). MMSE, Mini-mental State Examination; WC, waist circumference; BMI, body mass index; FBG, fasting blood glucose; TG, 
triglyceride; TC, total cholesterol; HDL-C, High density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Scr, serum creatinine; WWI, weight-adjusted waist; PSQI, 
Pittsburgh sleep quality index. *Statistically significant (p < 0.05).
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FIGURE 1

Associations between MMSE score and multidimensional factor, the x-axis and y-axis represent variable names, including BMI, FBG, MMSE score, TG, 
TC, LDL-C, Age, Scr, PSQI score, WWI, HDL-C. Each cell shows the correlation coefficient between the two variables, ranging from − 1 (dark red, 
indicating negative correlation) to 1 (dark blue, indicating positive correlation). *Indicates a significance level of p < 0.05, ** indicates a significance level 
of p < 0.01, *** indicates a significance level of p < 0.001.

while a lower BMI increases the likelihood of poor cognitive 
performance (30, 31). The reason may be  that anthropometric 
indicators related to obesity (such as BMI) have inherent 
limitations due to the inability to distinguish between muscle mass 
and fat mass (8, 32, 33). To better explore the correlation between 
obesity and cognitive decline, recent studies have tended to use 
non-traditional obesity indicators to measure obesity and test the 
exact relationship between the two. A meta-analysis showed that 
subjects with a high triglyceride-glucose index (TyG) index were 
significantly associated with a higher risk of cognitive impairment 
compared to subjects with a low TyG index [RR: 1.39, 95% CI: 1.22 
to 1.59, p < 0.001; I2 = 45%] (34). In addition, another clinical 
study showed that a higher lipid accumulation product (LAP) 
(OR = 1.037, 95% CI = 1.025–1.050, p < 0.01) was associated with 
a higher risk of mild cognitive impairment (MCI). After correcting 
for age, gender, lifestyle risk factors, duration of diabetes mellitus, 
LDL, HbA1c, education, insulin use, statin use, and diabetic 
peripheral neuropathy, a high LAP index was still associated with 
an increased risk of MCI (OR = 1.047, 95% CI = 1.031–1.063, 
p < 0.01) (35). However, most of these non-traditional obesity 
indicators are computationally complex and are poorly 
operationalized in practical applications.

The weight-adjusted waist index, as a newly developed obesity 
parameter, combines the advantages of WC while weakening the 
correlation with BMI compared to traditional formulas based on 
BMI, enabling the assessment of fat and muscle mass components 
independent of BMI. Previously, Kim et al.’s cross-sectional study 
of 602 participants aged 65 years in the Anshan Geriatric Study 
found that WWI was better able to differentiate between adiposity 
and muscle mass components compared with BMI (36). Therefore, 
WWI may be more reliable for detecting cognitive decline than 
commonly used body composition indices such as BMI. A previous 
cross-sectional study has reported that WWI is positively 
associated with dementia in a population of hypertensive patients 
(12), which is highly consistent with our findings. Although the 
interaction effects between several subgroups (such as education 
level, marital status, type of work, and physical activity) were not 
statistically significant in our study, these findings do not 
completely rule out the possibility of subgroup differences.

The mechanism by which WWI is positively associated with 
cognitive decline may be  related to obesity, inflammatory 
responses, and metabolic abnormalities. WWI was positively 
correlated with the abdominal fat area and visceral fat area but 
negatively correlated with the abdominal muscle area, suggesting 
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that an increase in WWI may reflect a state of excessive fat 
accumulation in the body as well as dysfunction of adipose tissue 
(8, 36, 37). Obesity is a chronic, persistent inflammatory state. It 
increases the production of various pro-inflammatory cytokines 
and adipocytokines, leading to an inflammatory response, 
endothelial dysfunction, and consequent adverse effects on 
cognitive function (38–41); At the same time, excess 
pro-inflammatory factors can lead to insulin resistance, which in 
turn triggers metabolic syndrome, which is associated with an 
increased risk of cognitive decline (42–44). Secondly, obesity-
related inflammation can lead to leptin resistance and decreased 
adiponectin secretion, and induce cerebral neurodegeneration and 
neurodegenerative diseases (44–47). Finally, obesity harms 
cerebrovascular function and the blood–brain barrier, thus 
affecting cognitive ability (48, 49). In addition, increased age may 
also partially explain the mechanism of the association between 
WWI and cognitive decline. As individuals age, changes in body 
composition, including increased visceral fat and changes in 
adipose tissue distribution, can affect cognitive function (50). 
Future studies involving larger and more diverse populations may 
help clarify the role of these factors in moderating the relationship 
between WWI and HCD.

Limitations and strengths

Our study is based on the hypertension follow-up system in 
Shandong Province, which is a hypertension sampling survey system 
in Shandong Province, following strict research programs and quality 
control measures. To enhance the reliability of our research results, 
we have adjusted multiple potential covariates to ensure the reliability 
of the results. Due to the simplicity and ease of calculation, WWI may 
become a practical tool for managing and intervening cognitive 
decline in patients with hypertension in clinical practice.

However, this study has several limitations. First, as a case-
control study, it cannot establish a causal relationship between WWI 
and HCD. Second, although we  adjusted to many important 
covariates, we  could not completely exclude the effects of other 
potential confounders. While WWI predicted a decline in cognitive 

ability in our study, we recognized that other indicators derived from 
anthropometric indicators [e.g., TyG-body mass index (51)] may 
also complement cardiovascular risk prediction. Future studies 
should explore the combined utility of WWI and these indicators to 
better understand their influence on cognitive function in patients 
with hypertension.

Furthermore, we found that higher TC and LDL-C levels were 
associated with better cognitive performance. This finding seems 
contradictory, as high levels of these lipids are often associated 
with negative health outcomes, particularly cardiovascular risk 
(52, 53). However, combined with previous studies (21–24) and 
our findings, the relationship between TC, LDL-C, and cognitive 
function does not seem to be  one-way but is influenced by a 
series of physiological and pathological factors. Therefore, the 
effect of blood lipid levels on cognitive function in patients with 
hypertension needs further study.

Finally, since the sample of this study is limited to individuals with 
hypertension in Shandong Province, the generalization of our results 
in the wider population of hypertension in China remains to be verified.

Conclusion

Our study demonstrated that elevated levels of WWI in 
hypertensive patients were significantly associated with an increased 
risk of cognitive decline. This finding suggests that WWI may serve 
as a potential intervention indicator for mitigating the risk of 
cognitive decline in hypertensive individuals. However, further 
longitudinal studies are necessary to clarify the precise causality of 
this relationship.
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TABLE 3 Prevalence of HCD and 95% confidence intervals based on WWI.

Variables Model1 Model2 Model3 Model4

OR (95%CI) p OR (95%CI) p OR (95%CI) p OR (95%CI) p

WWI (continuous) 1.13 (1.05 ~ 1.22) < 0.001* 1.11 (1.03 ~ 1.20) < 0.001* 1.10 (1.02 ~ 1.19) < 0.001* 1.12 (1.04 ~ 1.21) < 0.001*

WWI quantile

Q1 (7.00 ~ 10.11) 1.00(Reference) 1.00(Reference) 1.00(Reference) 1.00(Reference)

Q2(10.11 ~ 10.62) 1.40 (1.13 ~ 1.73) 0.002* 1.28 (1.03 ~ 1.60) 0.027* 1.28 (1.02 ~ 1.59) 0.030* 1.32 (1.05 ~ 1.65) 0.030*

Q3 (10.62 ~ 11.16) 1.66 (1.34 ~ 2.06) < 0.001* 1.51 (1.21 ~ 1.88) < 0.001* 1.51 (1.21 ~ 1.89) < 0.001* 1.52 (1.21 ~ 1.90) < 0.001*

Q4 (11.16 ~ 16.76) 1.61 (1.30 ~ 2.00) < 0.001* 1.50 (1.21 ~ 1.88) < 0.001* 1.48 (1.18 ~ 1.85) < 0.001*
1.53

(1.22 ~ 1.92)
< 0.001*

In multiple logistic regression analyses, WWI was converted from a continuous variable to a categorical variable (quartiles).
OR: odds ratio; 95% Cl: 95% confidence interval.
Model1: Crude.
Model2: Adjust: Age, Sex, Educational level, Marital status, Type of Work, Smoking, Drinking.
Model3: Adjust: Age, Sex, Educational level, Marital status, Type of Work, Smoking, Drinking, SBP, DBP, BMI, FBG, TG, TC, HDL-C, LDL-C, Scr.
Model4: Adjust: Age, Sex, Educational level, Marital status, Type of Work, Smoking, Drinking, SBP, DBP, BMI, FBG, TG, TC, HDL-C, LDL-C, Scr and sleep disorders. 
*Statistically significant (p < 0.05).
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Glossary

HCD - cognitive decline in hypertension

WWI - waist circumference index

MMSE - Mini-mental State Examination

WC - waist circumference

BMI - body mass index

FBG - fasting blood glucose

TG - triglyceride

TC - total cholesterol

HDL-C - High density lipoprotein cholesterol

LDL-C - low-density lipoprotein cholesterol

Scr - serum creatinine

WWI - weight-adjusted waist

PSQI - Pittsburgh sleep quality index

ACEI - angiotensin-converting enzyme inhibitors

ARB - angiotensin receptor blocker

CCB - calcium channel blocker

IPAQ-L - International Physical Activity Questionnaire Long Form

TyG - triglyceride-glucose index

LAP - lipid accumulation product

MCI - mild cognitive impairment
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