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Background: H-type hypertension is associated with an increased risk of cognitive impairment, but the relationship between muscle
ultrasound parameters and cognitive function in this population remains unclear. This cross-sectional study investigated the association
between muscle ultrasound parameters and cognitive function in patients with H-type hypertension and sought to identify ultrasound
parameters associated with cognitive status.

Methods: This cross-sectional study included 125 patients with H-type hypertension. Cognitive function was assessed using the
Montreal Cognitive Assessment (MoCA). Participants were classified into non-cognitive impairment (n = 68) and cognitive impair-
ment (n = 57) groups. Muscle thickness (MT), muscle cross-sectional area (MCSA), shear wave velocity (SWV), and pennation angle
(PA) were measured at selected upper- and lower-limb muscles. Partial correlation analysis, multivariable linear regression, and binary
logistic regression were performed to examine associations between ultrasound parameters and cognitive status.

Results: Compared with the non-cognitive impairment group, the cognitive impairment group had significantly lower MT and MCSA
at multiple sites, including the biceps brachii, brachioradialis, rectus femoris, and lateral gastrocnemius (all P < 0.05), whereas SWV
and PA did not differ significantly. After adjustment, rectus femoris MT showed the strongest correlation with total MoCA score
(r =0.470, P < 0.001). Rectus femoris MT remained independently associated with total MoCA score (B = 0.509, 95% CI: 0.330-
0.688, P < 0.001) and cognitive impairment (OR = 0.811, 95% CI: 0.706-0.933, P = 0.003).

Conclusion: Reduced rectus femoris MT is independently associated with poorer cognitive function and the presence of cognitive
impairment in patients with H-type hypertension. Rectus femoris MT may serve as a useful adjunctive ultrasound marker of concurrent
cognitive status, but prospective studies are needed to determine its clinical utility.
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Introduction

Population aging has emerged as a major global public health challenge, accompanied by an escalating burden of chronic
diseases and functional decline. Hypertension is a well-established risk factor for cognitive impairment (CI) and
dementia.' In China, approximately 75% of hypertensive patients exhibit the H-type phenotype, defined as essential
hypertension with concurrent hyperhomocysteinemia (homocysteine [Hey] > 10 pmol/L).>* Elevated plasma Hcy levels
contribute to the pathophysiology of CI through several established mechanisms, including oxidative stress, neuroin-
flammation, endothelial dysfunction, and disruption of cerebral microcirculation.*” Owing to these neurotoxic and

vasculotoxic properties, individuals with H-type hypertension are at increased risk for cognitive decline, necessitating
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objective and efficient strategies for early risk identification. Although cognitive screening tools such as the Montreal
Cognitive Assessment (MoCA) are widely used in clinical practice, their performance may be influenced by education
level, participant cooperation, fatigue, and testing environment, and they provide limited information on concurrent
physical reserve or peripheral functional status. Therefore, complementary markers reflecting systemic or neuromuscular
vulnerability may help characterize cognitive status more comprehensively in this population.

Recent investigations have identified an inter-organ crosstalk between skeletal muscle and the central nervous system,
often described as the brain-muscle axis.*’ Skeletal muscle functions as an active endocrine organ, secreting various
myokines that modulate neuroplasticity, neurogenesis, and cerebral energy metabolism.™® Sarcopenia, characterized by
progressive loss of muscle mass and function, frequently co-occurs with CI, suggesting shared biological determinants
such as chronic low-grade inflammation, insulin resistance, and endocrine dysregulation.'® In the context of H-type
hypertension, systemic metabolic disturbances may concurrently affect both skeletal muscle structure and cognitive
integrity. This shared vascular-metabolic vulnerability provides a biological rationale for examining whether peripheral
muscle characteristics are associated with cognitive status in this high-risk population.”’

While conventional assessments of muscle status primarily emphasize mass or global function, they often exhibit limited
sensitivity in detecting early morphological alterations. Musculoskeletal ultrasound has emerged as a reliable and non-
invasive modality for the quantitative evaluation of diverse structural muscle attributes. Compared with routine anthropo-
metric assessment or global functional evaluation, ultrasound can provide site-specific information on muscle morphology and
mechanical properties. In addition, compared with magnetic resonance imaging (MRI) and computed tomography (CT),
ultrasound is more accessible, radiation-free, less costly, and suitable for repeated bedside assessment; compared with DXA
and bioimpedance analysis, it provides site-specific information on muscle morphology and architecture rather than only
whole-body or segmental estimates of muscle mass. Muscle thickness and muscle cross-sectional area mainly reflect muscle
quantity and structural reserve, whereas shear wave velocity and pennation angle provide complementary information on
muscle stiffness and architecture.'' Preliminary evidence suggests that specific sonographic muscle parameters correlate with
cognitive performance in certain geriatric populations.'*'® Therefore, ultrasound-derived muscle parameters may help
characterize different dimensions of muscle status that are potentially related to cognitive function. Given the metabolic
and vascular vulnerability inherent in H-type hypertension, these ultrasound-derived metrics may serve as adjunctive
information related to cognitive status. However, the specific associations between multi-site muscle ultrasound parameters
and cognitive status in this high-risk population remain to be fully elucidated.

The selected muscles were chosen to represent both upper- and lower-limb muscle groups with different functional
roles. The biceps brachii and brachioradialis were included as representative upper-limb muscles, whereas the rectus
femoris and gastrocnemius lateralis were selected as lower-limb muscles related to mobility, postural control, and
functional reserve in older adults. Because muscle changes in older adults may vary across anatomical sites, a multi-
site ultrasound assessment may provide a more comprehensive evaluation of muscle status than a single target muscle.'

The primary objective of this study was to evaluate the correlation between various skeletal muscle ultrasound
parameters and cognitive function in patients with H-type hypertension. We hypothesized that specific morphological
metrics of skeletal muscle would demonstrate significant associations with cognitive scores and could potentially
function as supplementary indicators of cognitive status in this population.

Methods

Study Participants
This cross-sectional study recruited a total of 125 patients with H-type hypertension attending the Department of
Geriatric Medicine at Suzhou Municipal Hospital between April 2025 and November 2025.

Inclusion criteria were as follows: (D age > 60 years; 2 diagnosis of H-type hypertension, defined as essential hyperten-
sion with a plasma Hcey level >10 pmol/L, according to the China Guidelines for Prevention and Treatment of Hypertension
(Revised Edition 2024)."> Hypertension was defined as systolic blood pressure >140 mmHg and/or diastolic blood pressure
>90 mmHg on repeated measurements, current use of antihypertensive medication, or a documented physician diagnosis in
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the medical record; @ sufficient capacity to understand the study instructions and complete all clinical, cognitive, and
ultrasound assessments.

Exclusion criteria were as follows: (O secondary hypertension; @) a confirmed diagnosis of dementia; 3) severe
sensory impairments (eg, hearing or visual deficits) that precluded cognitive assessment; ¥ active malignancy, auto-
immune diseases, thyroid disorders, diabetes mellitus, or other significant metabolic conditions; & severe hepatic or
renal dysfunction (defined as liver enzymes exceeding three times the upper limit of normal, or serum creatinine
>256 pumol/L); ® history of major surgery within the preceding six months; ) use of medications known to affect
plasma Hcy levels within the previous six months, including folic acid, vitamin B supplements, or methotrexate;
musculoskeletal or joint conditions that interfered with the accurate measurement of muscle ultrasound parameters.

Sample Size

No formal a priori sample size calculation was performed. The final sample included all eligible patients with H-type
hypertension who completed the required clinical, cognitive, laboratory, and ultrasound assessments during the recruit-
ment period; therefore, the sample size was determined by feasibility and available eligible participants.

Baseline Demographic and Clinical Data

Baseline demographic and clinical data were collected by trained researchers using standardized case report forms.
Anthropometric measurements, including height and weight, were obtained for calculation of body mass index (BMI).
Additional variables included age, sex, years of education, smoking status, alcohol consumption, medication history, and
duration of hypertension.

Laboratory Measurements

Venous blood samples were collected in the morning after an overnight fast. All biochemical parameters were measured
using an automated clinical chemistry analyzer according to standardized laboratory procedures. Assessed biomarkers
included renal function markers [blood urea nitrogen (BUN), serum creatinine (SCr), uric acid (UA), and cystatin
C (CysQ)], lipid profile parameters [triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), and low-density
lipoprotein cholesterol (LDL-C)], nutritional and hematological markers [albumin (ALB) and hemoglobin (Hb)], and
other metabolic markers [homocysteine and 25-hydroxyvitamin D, 25(OH)D].

Assessment of Cognitive Function

Cognitive function was assessed using the Beijing version of the MoCA.'® This screening instrument evaluates multiple
cognitive domains, including attention and concentration, executive function, memory, language, visuoconstructional
ability, conceptual reasoning, and orientation. Total scores range from 0 to 30, with higher scores indicating better
cognitive performance. For participants with <12 years of formal education, 1 point was added to the total score, with the
adjusted score capped at 30.'7 Cognitive impairment (CI) was defined as an education-adjusted MoCA score <26.
Participants with education-adjusted MoCA scores >26 were classified as the non-cognitive impairment (Non-CI) group.

Muscle Ultrasonographic Measurement

Muscle ultrasound was performed using a high-resolution color Doppler system (ACUSON Oxana 3, Siemens, Germany)
equipped with a 9L4 linear-array transducer (4-9 MHz). All examinations were conducted by a single sonographer with
five years of experience in musculoskeletal ultrasonography, who was blinded to the participants’ clinical characteristics,
laboratory findings, and cognitive status. All examinations followed a standardized study-specific scanning protocol,
including participant positioning, anatomical landmark identification, probe orientation, minimal-pressure technique,
region-of-interest placement, and offline measurement procedures. A written operating protocol was used throughout the
study to ensure consistency across all examinations. Each parameter was measured three times from separate image
acquisitions, with the transducer lifted and repositioned between measurements, and the mean value was used for
analysis. Intra-rater reliability was evaluated in 20 randomly selected participants, with repeat measurements obtained
one week apart. Reliability was quantified using intraclass correlation coefficients (ICCs). The ICC for rectus femoris
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shear wave velocity was 0.884 (95% CI: 0.812—0.934). For all remaining parameters, intra-observer reliability was
excellent, with all ICCs exceeding 0.90.

A standardized minimal-pressure (“floating”) technique was used to minimize compression artifacts. The transducer
was applied with only sufficient pressure to maintain acoustic coupling, and a generous amount of acoustic gel was used.
For the biceps brachii (BB), brachioradialis (BR), and rectus femoris (RF), participants were examined in the supine
position with muscles fully relaxed. For the gastrocnemius lateralis (GL), participants were examined prone with the
knee fully extended and the ankle maintained in a neutral position using a standardized foam support. Ultrasound
settings, including gain, depth, and frequency, were kept constant for each muscle across all participants.

For each target muscle (BB, BR, RF, and GL), the transducer was first positioned perpendicular to the muscle
fascicles at the point of maximal muscle belly to obtain a transverse image. Muscle cross-sectional area (MCSA) was
measured by manually tracing the inner fascial border along the epimysium while excluding subcutaneous fat and
intermuscular adipose tissue. The transducer was then rotated 90° at the same site to obtain a longitudinal image, and
muscle thickness (MT) was defined as the perpendicular distance between the superficial and deep aponeuroses. Mean
values from both limbs were used for analysis.

For shear wave velocity (SWV), the transducer was aligned parallel to the muscle fibers on a standard longitudinal
view, and the system was switched to shear wave elastography mode. A region of interest was placed in the middle of the
muscle belly while avoiding fascia, vessels, and tendons. After image stabilization, a 3-mm-diameter Q-box was
positioned at the center of the region of interest, and the mean shear wave speed was recorded. Pennation angle (PA)
of the GL was measured on the longitudinal view as the angle between the muscle fascicles and the deep aponeurosis. All
images were anonymized and randomly reordered before offline analysis to reduce measurement bias.

Statistical Analysis

Data were analyzed using SPSS version 26.0 (IBM Corp., Armonk, NY, USA) and GraphPad Prism version 10.0
(GraphPad Software, San Diego, CA, USA). Normality was assessed using the Shapiro—Wilk test. Continuous variables
are presented as mean * standard deviation (SD) or median (interquartile range [IQR]), as appropriate, and categorical
variables as number (percentage). Between-group differences were assessed using the independent-samples ¢ test, Mann—
Whitney U-test, or chi-square test, as appropriate.

Partial correlation analyses adjusted for age, sex, and years of education were performed to examine associations
between ultrasound parameters and MoCA scores. Multivariable linear regression and binary logistic regression were
used to evaluate independent associations of ultrasound parameters with cognitive performance and cognitive impair-
ment, respectively. Covariates were selected a priori based on clinical relevance, prior literature, and baseline between-
group differences. Age, sex, and years of education were included as core covariates, and Hey, TG, 25(OH)D, and ALB
were further included in the fully adjusted models because they differed significantly between the cognitive impairment
and non-cognitive impairment groups and may reflect metabolic or nutritional status. No stepwise variable selection was
used in order to preserve model stability, and multicollinearity was assessed using the variance inflation factor (VIF),
with VIF > 5 considered indicative of collinearity.

Because multiple ultrasound parameters were examined, correlation analyses were considered exploratory. No formal
adjustment for multiple comparisons was applied; instead, P < 0.01 and 0.01 < P < 0.05 were interpreted as robust and
nominal significance, respectively. Because of the cross-sectional design, all regression models were used to evaluate
associations rather than causal or predictive relationships. All tests were two-sided, and P < 0.05 was considered
statistically significant, except for the tiered interpretation applied to the exploratory correlation analyses.

Results

Baseline characteristics of the 125 participants are presented in Table 1. The Non-CI (n=68) and CI (n=57) groups were
comparable in age, sex, years of education, BMI, and hypertension-related characteristics (all P > 0.05). Laboratory
findings showed that the CI group had significantly higher Hey levels [14.70 (12.40-18.50) vs. 13.35 (12.00-15.15)
pmol/L], but significantly lower 25(OH)D, ALB, and TG levels than the Non-CI group (all P < 0.05). No other
laboratory parameters differed significantly between the groups (all P > 0.05).
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Table | Baseline Demographic and Clinical Characteristics of Participants According to Cognitive

Status
Variable Non-CI (n=68) ClI (n=57) t/ZIy* value | P value
Demographic Characteristics
Age (years) 73.03 + 8.6l 75.77 £ 8.17 —-1.816 0.072
Female, n (%) 49 (72.06%) 39 (68.42%) 0.061 0.805
Education year (years) 1041 + 4.25 10.28 + 3.93 0.178 0.859
BMI (kg/m?) 23.75 (21.56-25.39) | 22.96 (20.31-25.74) I.115 0.265
Current smoking, n (%) 21 (16.80%) Il (16.18%) 0.000 1.000
Alcohol drinking, n (%) 17 (13.60%) Il (16.18%) 0.430 0.512
Hypertension grade
Grade 1-2 43 (63.24%) 36 (63.16%) 0.000 1.000
Grade 3 25 (36.76%) 21 (36.84%)
Duration of hypertension (years)
<10 36 (52.94%) 35 (61.40%) 0.593 0.441
=10 32 (47.06%) 22 (38.60%)
MoCA total score 28.00 (27.00-29.00) | 23.00 (21.00-24.00) 9.505 <0.001
Clinical laboratory parameters
BUN (mmol/L) 6.10 £ 1.24 6.28 + 1.56 —0.697 0.487
SCr (umol/L) 57.60 (49.97-67.33) | 58.80 (52.50-72.80) —0.630 0.529
UA (umol/L) 308.08 + 64.66 290.14 + 74.81 1.438 0.153
CysC (mg/L) 1.00 (0.85-1.17) 1.04 (0.95-1.22) —1.480 0.139
TG (mmol/L) 1.16 (0.87-1.72) 0.94 (0.70-1.34) 2.288 0.022
HDL-C (mmol/L) 1.34 (1.08-1.64) 1.29 (1.12-1.52) 0.704 0.481
LDL-C (mmol/L) 2.72 £ 0.99 2.39 £ 0.93 1.956 0.053
25(OH)D (ng/mL) 19.05 (14.85-23.92) | 16.40 (10.90-21.90) 2.347 0.019
Hb (g/L) 125.69 *+ 14.30 122.28 + 11.50 1.450 0.150
Hcy (umol/L) 13.35 (12.00-15.15) | 14.70 (12.40-18.50) —2.471 0.013
ALB (g/L) 42.33 (39.99-43.91) | 40.30 (38.1643.10) 2.771 0.006

Note: Bold indicates statistical significance (p < 0.05).

Abbreviations: Non-Cl, non-cognitive impairment; Cl, cognitive impairment; BMI, body mass index; MoCA, Montreal Cognitive
Assessment; BUN, blood urea nitrogen; SCr, serum creatinine; UA, uric acid; CysC, cystatin C; TG, triglycerides; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; 25(OH)D, 25-hydroxyvitamin D; Hb, hemoglobin;
Hcy, homocysteine; ALB, albumin.

The comparison of musculoskeletal ultrasound metrics between groups is detailed in Table 2. All parameters for MT
and MCSA were significantly lower in the CI group than in the Non-CI group (all P < 0.05). Specifically, MT was
markedly reduced in the CI group across all anatomical sites, including the BB-MT (18.81 + 4.05 vs. 21.69 £ 3.57 mm),
BR-MT (11.08 + 2.39 vs. 12.38 + 2.55 mm), RF-MT (P < 0.001), and GL-MT (P < 0.001). Similarly, MCSA was
significantly smaller in the CI group for the BB (P < 0.001), BR (P = 0.039), RF (P < 0.001), and GL (P = 0.023)
compared to the Non-CI group. In contrast, no statistically significant differences were observed in SWV across any of
the assessed muscles, nor in the PA of the gastrocnemius lateralis (all P > 0.05).

Partial correlation analysis, adjusted for age, sex, and education years, was performed to evaluate the relationship
between MoCA total scores and muscle ultrasound metrics (Table 3).

The results showed that MT at all assessed anatomical sites was significantly and positively correlated with MoCA
total scores (all P < 0.05). Notably, RF-MT exhibited the strongest association with cognitive function (r = 0.470, P <
0.001). This positive correlation is illustrated in Figure 1.

Regarding MCSA, significant positive correlations were observed for the BB-MCSA (r = 0.192, P = 0.034) and BR-
MCSA (r=0.211, P = 0.02), both of which were nominally significant (as 0.01 < P < 0.05). No significant associations
were found for the RF-MCSA or GL-MCSA (P > 0.05). Furthermore, no statistically significant correlations were
identified between MoCA scores and any SWV parameters or GL-PA (all P > 0.05).
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Table 2 Comparison of Muscle Ultrasound Parameters Between the Non-Cl and

Cl Groups
Variable Non-CI (n=68) Cl (n=57) t/Z value | P value
BB-MT (mm) 21.69 £ 3.57 18.81 + 4.05 4.226 <0.001
BR-MT (mm) 12.38 + 2.55 11.08 + 2.39 2.908 <0.001
RF-MT (mm) 14.80 (12.49-16.30) | 12.50 (10.30-15.50) 3.019 <0.001
GL-MT (mm) 13.00 (11.61-15.00) | 11.60 (10.50-13.15) 3.227 <0.001
BB-MCSA (cm?) | 836 (6.79-10.55) 7.30 (5.82-8.64) 2.885 <0.001
BR-MCSA (cm?) 3.33 (2.15-3.93) 2.60 (1.59-3.76) 2.065 0.039
RF-MCSA (cm?) 4.80 (4.29-6.16) 3.85 (3.25-5.50) 3.492 <0.001
GL-MCSA (cm?) 4.93 (3.84-5.73) 4.36 (3.67—4.90) 2273 0.023
BB-SWYV (mls) 3.48 (3.18-3.98) 3.65 (3.34-3.95) —0.744 0.457
BR-SWYV (m/s) 3.20 (2.89-3.46) 3.33 (2.90-3.58) —0.890 0.374
RF-SWYV (mls) 2.26 (2.00-2.72) 2.35 (2.03-2.61) —0.424 0.672
GL-SWYV (m/s) 2.14 (1.83-2.43) 2.20 (1.95-2.48) —0.657 0.511
GL-PA (°) 17.52 (15.61-19.99) | 16.73 (14.70-18.95) 1.569 0.117

Note: Bold indicates statistical significance (p < 0.05).

Abbreviations: Non-Cl, non-cognitive impairment; Cl, cognitive impairment; BB, biceps brachii; BR,
brachioradialis; RF, rectus femoris; GL, gastrocnemius lateralis; MT, muscle thickness; MCSA, muscle cross-
sectional area; SWV, shear-wave velocity; PA, pennation angle.

Table 3 Partial Correlations Between
MoCA Total Score and Muscle Ultrasound
Parameters in All Participants

Variable r P value
BB-MT 0.252 0.005
BR-MT 0.300 <0.001
RF-MT 0.470 <0.001
GL-MT 0.219 0.015
BB-MCSA 0.192 0.034
BR-MCSA 0.211 0.020
RF-MCSA 0.113 0.216
GL-MCSA 0.162 0.074
BB-SWV 0.018 0.843
BR-SWV 0.032 0.729
RF-SWV 0.017 0.856
GL-SWV —0.067 0.466
GL-PA —0.006 0.951

Notes: Adjusted for age, sex, and education years.
Bold indicates statistical significance (p < 0.05).
Abbreviations: MoCA, Montreal Cognitive
Assessment; BB, biceps brachii; BR, brachioradialis; RF,
rectus femoris; GL, gastrocnemius lateralis; MT, muscle
thickness; MCSA, muscle cross-sectional area; SWV,
shear-wave velocity; PA, pennation angle.

Domain-specific analyses further indicated that these correlations were primarily concentrated in the visuospatial and
attention domains (Supplementary Table 1). Stratified analysis confirmed that RF-MT was the only parameter that

remained significantly correlated with MoCA scores in both the Non-CI and CI subgroups (Supplementary Table 2); all

other muscle parameters lost statistical significance in the stratified cohorts (all P > 0.05).

Multivariable linear regression was performed to further examine the independent associations between significant
ultrasound parameters and MoCA score (Supplementary Table 3). When entered separately, several MT metrics,
particularly BB-MT, BR-MT, and RF-MT, remained associated with MoCA scores after adjustment for demographic
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Figure | Scatter plot of Rectus femoris MT versus MoCA total score. Scatter plot of RF-MT versus total MoCA score in patients with H-type hypertension (n = 125). Each
black dot represents an individual participant. The solid line shows the fitted linear regression line, and the dashed lines indicate the 95% confidence interval. After
adjustment for age, sex, and years of education, partial correlation analysis demonstrated a significant positive correlation between RF-MT and total MoCA score (r = 0.470,
P < 0.001).

and metabolic covariates, whereas the associations for MCSA metrics were attenuated in the fully adjusted model
(Models 1 and 2, Supplementary Table 3). In the mutually adjusted model including the MT parameters that remained
significant after full adjustment (Model 3, Supplementary Table 3), only RF-MT maintained an independent association
with cognitive function (B = 0.471, 95% CI: 0.279-0.663, P < 0.001), whereas the other MT metrics lost statistical
significance.

Based on this screening, RF-MT was selected for focused multivariable analysis (Table 4). In the final fully adjusted
model (Model 2, Table 4), RF-MT remained independently associated with cognitive performance (B = 0.509, 95% CI:
0.330-0.688, P < 0.001), even after rigorous adjustment for Hcy, TG, 25(OH)D, and ALB. Education years remained
a significant covariate (P = 0.008), whereas no circulating biochemical markers reached independent significance in the
final model (all P > 0.05).

Binary logistic regression was performed to evaluate the association between RF-MT and the presence of cognitive
impairment (Table 5). In Model 1, after adjusting for age, sex, and education years, RF-MT was inversely associated with
cognitive impairment (OR = 0.817, 95% CI: 0.716-0.932, P = 0.003). In the fully adjusted Model 2, which further
accounted for Hey, TG, 25(OH)D, and ALB, RF-MT remained independently associated with cognitive status (OR =0.811,

Table 4 Multivariable Linear Regression Analysis of Rectus Femoris Muscle Thickness Associated with MoCA Total Score

Variable Model | Model 2

B (95% CI) Standardized # | P value B (95% CI) Standardized # | P value
RF-MT 0.517 (0.339-0.694) 0.455 <0.001 0.509 (0.330-0.688) 0.449 <0.001
Age —0.025 (—0.091-0.041) —0.059 0.453 —0.004 (—0.074-0.065) —0.010 0.900
Sex —0.382 (—1.598-0.834) —0.048 0.535 —0.563 (—1.790-0.665) —0.071 0.366
Education years 0.193 (0.059-0.328) 0.219 0.005 0.186 (0.049-0.323) 0.211 0.008
Hcy — — — 0.008 (—0.027-0.044) 0.037 0.637
TG — — — 0.285 (—0.467—1.036) 0.061 0.455
25(OH)D — — — 0.039 (-0.039-0.117) 0.078 0.326
ALB — — — 0.138 (—0.022-0.298) 0.135 0.090

Notes: Model |: adjusted for age, sex, and education years. Model 2: further adjusted for Hcy, TG, 25(OH)D, and ALB based on Model |. Bold indicates statistical

significance (p < 0.05).
Abbreviations: 95% Cl, 95% confidence interval; MoCA, Montreal Cognitive Assessment; RF, rectus femoris; MT, muscle thickness; B, unstandardized coefficient;

Hcy, homocysteine; TG, triglycerides; 25(OH)D, 25-hydroxyvitamin D; ALB, albumin.
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Table 5 Binary Logistic Regression Analysis of Rectus Femoris MT Associated with
Cognitive Impairment

Variable Model | Model 2
OR (95% CI) P value OR (95% CI) P value

RF-MT 0.817 (0.716-0.932) 0.003 0.811 (0.706-0.933) 0.003
Age 1.030 (0.984-1.079) 0.199 1.006 (0.957-1.057) 0.817
Sex 1.320 (0.577-3.017) 0.511 1.143 (0.474-2.758) 0.767
Education years | 1.020 (0.930-1.119) 0.680 1.032 (0.934-1.140) 0.532
Hcy — — 0.993 (0.963-1.023) 0.636
TG — — 0.622 (0.326-1.186) 0.149
25(OH)D — — 0.942 (0.889-0.998) 0.042
ALB — — 0.896 (0.799-1.006) 0.064

Notes: Model I: adjusted for age, sex, and education years. Model 2: further adjusted for Hcy, TG, 25(OH)
D, and ALB based on Model I. Bold indicates statistical significance (p < 0.05).

Abbreviations: 95% Cl, 95% confidence interval; OR, odds ratio; RF, rectus femoris; MT, muscle thickness;
Hcy, homocysteine; TG, triglycerides; 25(OH)D, 25-hydroxyvitamin D; ALB, albumin.

95% CI: 0.706—0.933, P = 0.003). Specifically, each 1-mm increase in RF-MT was associated with approximately 18.9%
lower odds of cognitive impairment.

Additionally, 25(OH)D was also independently associated with cognitive impairment in the final model (OR = 0.942,
95% CI: 0.889-0.998, P = 0.042), whereas no significant independent associations were observed for age, sex, Hey, TG,
or ALB (all P > 0.05).

Discussion

The present study investigated the association between CI and skeletal muscle ultrasound parameters in patients with
H-type hypertension. Our analysis yielded several key findings. First, patients with H-type hypertension and CI showed
lower ultrasound-derived muscle size indices, reflected by reduced MT and MCSA at multiple anatomical sites. In
contrast, stiffness- and architecture-related parameters, including SWV and PA, did not differ significantly between
groups. This pattern suggests that differences associated with cognitive status were more evident in ultrasound-derived
muscle size indices than in stiffness- or architecture-related parameters. Second, among the evaluated metrics, RF-MT
showed the strongest correlation with MoCA scores and remained independently associated with cognitive function after
adjustment for metabolic and demographic confounders. Therefore, RF-MT was selected as the representative ultrasound
metric for further interpretation, although this association should not be interpreted as evidence of a predictive relation-
ship. The relatively consistent association observed for RF-MT may be partly related to the functional importance of the
rectus femoris as a major lower-limb muscle involved in mobility and physical reserve. In addition, its larger muscle size
and clearer anatomical landmarks may facilitate more reproducible ultrasound measurement compared with smaller
upper-limb muscles. However, this interpretation remains speculative and requires confirmation in future studies.

A notable pattern in our findings is that significant results were predominantly clustered in MT and MCSA rather than
in SWV and PA. This observation is consistent with methodological expectations. From a phenotypic perspective, MT
and MCSA generally reflect muscle quantity and structural reserve, whereas SWV and PA—indices of muscle stiffness
and architectural configuration—are more susceptible to confounding factors such as scanning posture, passive tension,
equipment presets, and operator-dependent protocols.'"*!® Existing systematic reviews have confirmed that ultrasound has
good reliability and validity for quantifying muscle size in older adults, with muscle thickness and cross-sectional area
being among the most consistently supported parameters.'’ Therefore, the concentration of significant results on these
metrics is consistent with the current evidence base in musculoskeletal ultrasonography.

Contextualizing these findings within the clinical background of H-type hypertension underscores their potential relevance,
although the present study was not designed to test mechanistic pathways. Our results suggest that the association between
muscle and cognitive function in this population may not be solely age-related and could be influenced by multiple vascular and
metabolic factors. Previous studies have reported that the coexistence of hypertension and hyperhomocysteinemia is associated
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with cognitive decline and brain structural changes.'® ' In this high-risk cohort, both the brain and skeletal muscle may be
affected by systemic vascular and metabolic stress, including endothelial dysfunction and oxidative stress.”>** Therefore, the
observed association between RF-MT and cognitive function should be interpreted as a cross-sectional correlation, and further
longitudinal studies are needed to clarify its underlying mechanisms.

Exploratory domain-specific analyses further showed that the correlations between muscle parameters and cognitive
function were primarily concentrated in the visuospatial/executive and attention domains. This pattern is consistent with
prior evidence suggesting that vascular-related cognitive impairment often affects executive control and attentional
efficiency in its early stages.”* However, these findings must be interpreted with caution: although recent studies indicate
that MoCA domain scores correspond to some extent with standardized neuropsychological tests, they are not a substitute
for a comprehensive neuropsychological battery.!” Therefore, these domain-specific results should be viewed as
hypothesis-generating rather than definitive.

Comparison with previous studies. Several previous studies have reported associations between muscle ultrasound
parameters and cognitive function in older adults, although findings have varied across populations and methodologies. In
a cross-sectional study of 20 institutionalized older adults (mean age 85 years), Mateos-Angulo et al found that rectus femoris
echo intensity, rather than muscle thickness, was the strongest correlate of cognitive function, explaining a substantial
proportion of variance in Pfeiffer Short Portable Mental Status Questionnaire scores (adjusted R* = 0.605)."* In contrast,
our study—conducted in a larger sample of older outpatients with H-type hypertension from a geriatric medicine clinic—
identified muscle thickness, not echo intensity, as the dominant correlate. This discrepancy may be explained by several
factors. First, the very high mean age (85 years) and institutionalized setting of the Mateos-Angulo cohort may have resulted in
more advanced muscle quality deterioration (eg, fatty infiltration), rendering echo intensity a more sensitive marker, whereas
our outpatient population (mean age approximately 74 years) had relatively preserved muscle quality. Second, we measured
SWV as a proxy for muscle stiffness, whereas echo intensity reflects tissue composition (eg, fat and fibrous tissue infiltration).
Alternatively, in this cohort of patients with H-type hypertension, muscle size indices may have been more closely related to
cognitive status than stiffness- or architecture-related parameters, although this interpretation requires confirmation in studies
that directly examine metabolic markers and muscle ultrasound features.

Ulger et al (2022) examined 221 older adults and reported that gastrocnemius muscle thickness measured by ultrasound
was significantly lower in patients with dementia compared to those without dementia, and the presence of dementia
independently increased the risk of sarcopenia diagnosed by ultrasound (OR = 5.109, 95% CI: 2.002-13.033)."* Our findings
extend these observations by demonstrating that the association between muscle thickness and cognitive function persists in
H-type hypertensive patients without a formal dementia diagnosis, and that rectus femoris thickness remains independently
associated with MoCA scores after rigorous adjustment for homocysteine, vitamin D, and nutritional markers.

Beyond ultrasound-specific studies, large-scale meta-analyses support the muscle-cognition link. Huang et al reported
that sarcopenia was associated with cognitive impairment (OR = 1.83) across 32 studies,?® and Amini et al found similar
associations with mild cognitive impairment (OR = 1.58), Alzheimer’s disease (OR = 2.97), and other dementias (OR =
1.68) across 77 studies.”® However, none of these analyses specifically focused on the H-type hypertensive population or
used ultrasound-derived muscle parameters.

Prior evidence suggests a possible shared vascular-metabolic background in H-type hypertension. Elevated homo-
cysteine has been associated with lower skeletal muscle mass in large cohorts. Kositsawat et al found that each 1-pmol/L
increase in homocysteine was linked to a 0.09-kg decrease in appendicular lean mass (NHANES, n = 1480),”* and
a meta-analysis of 114,583 adults reported that hyperhomocysteinemia was associated with low muscle mass (OR =
1.958).%” However, because the present study did not directly examine the pathway linking Hey, muscle ultrasound
parameters, and cognitive outcomes, these findings should be interpreted as a biologically plausible background rather
than direct mechanistic evidence.

One possible explanation is that lower RF-MT may reflect reduced lower-limb muscle reserve under cumulative
vascular-metabolic stress in older patients with H-type hypertension. Previous studies have suggested that hyperhomo-
cysteinemia may contribute to endothelial dysfunction, oxidative stress, impaired vasodilation, autonomic dysregulation,
and skeletal muscle abnormalities.”® ' However, the present study did not directly test the pathway linking Hcy, muscle
ultrasound parameters, and cognitive outcomes. Therefore, RF-MT should be interpreted as a peripheral correlate of
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muscle reserve associated with cognitive status, rather than as direct evidence of Hcy-mediated muscle injury or
microvascular damage.

From a clinical perspective, musculoskeletal ultrasound is non-invasive, convenient, and reproducible. In the present
cross-sectional setting, RF-MT should be interpreted as a concurrent marker associated with cognitive status rather than as
a predictive biomarker. Its potential value may lie in providing adjunctive information on physical and muscular reserve in
older patients with H-type hypertension, particularly when cognitive complaints coexist with functional decline or reduced
mobility.**** However, whether RF-MT provides additional value beyond direct cognitive assessment or improves long-
itudinal cognitive risk stratification requires validation in future prospective studies incorporating physical activity, frailty
assessment, functional measures, and mechanistic biomarkers.

In the fully adjusted logistic regression model, 25(OH)D was independently associated with cognitive impairment
(OR = 0.942, 95% CI: 0.889-0.998, P = 0.042), whereas albumin showed only borderline significance. These findings
should be interpreted with caution, as they were secondary observations. The association is biologically plausible given
previous evidence linking vitamin D with neuroprotective mechanisms and cognitive function in older adults.***> Recent
evidence also suggests that the co-occurrence of vitamin D deficiency and hyperhomocysteinemia may be associated with
executive dysfunction in older adults with hypertension.>® This observation may be considered alongside our exploratory
domain-specific findings, which showed that correlations between muscle parameters and MoCA scores were mainly
localized to visuospatial/executive domains. However, given the modest effect size and the exploratory nature of this
finding, it should be considered hypothesis-generating rather than definitive.

Several limitations should be acknowledged. First, the cross-sectional design precludes causal inference regarding
the directionality of the observed associations and does not allow us to determine whether reduced RF-MT precedes or
follows cognitive impairment. Therefore, RF-MT should be interpreted as a concurrent marker associated with
cognitive status rather than as a predictor of future cognitive decline. Second, the exclusion of patients with diabetes,
thyroid disorders, and other common comorbidities limits the generalizability of our findings to the broader H-type
hypertensive population. Third, cognitive assessment relied solely on the MoCA, a screening tool; therefore, our
domain-specific findings are exploratory. Fourth, although we adjusted for several demographic, metabolic, and
nutritional covariates, residual confounding cannot be excluded. In particular, physical activity, frailty status, dietary
intake, and detailed functional measures were not systematically assessed which may have introduced residual
confounding. Fifth, no formal a priori sample size calculation was performed, and the modest sample size limited
subgroup and sensitivity analyses. Future prospective, multicenter studies with larger samples, comprehensive neu-
ropsychological assessments, and longitudinal follow-up are needed to validate our findings and elucidate underlying
mechanisms.

Conclusion

In conclusion, this cross-sectional study found that reduced rectus femoris muscle thickness was independently asso-
ciated with poorer cognitive performance and the presence of cognitive impairment in patients with H-type hypertension.
RF-MT was emphasized because it showed the most consistent association with cognitive status among the evaluated
ultrasound parameters. These findings should be interpreted as preliminary associations rather than evidence of causality
or prediction. Future prospective studies with larger samples are needed to confirm whether RF-MT provides additional
information on cognitive status in this population.
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