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Abstract

Background: Wrist circumference is emerging as a potential indicator of vascular health, but its relationship with vascular

stiffening remains under explored.

Objectives: This study investigates the mediating roles of Body Mass Index (BMI), weight, body surface area (BSA), and waist

circumference (WC) in the association between Wrist circomfrence and vascular stiffness.

Methods: This cross-sectional study was conducted to examine the mediating effects of BMI, weight, BSA, and WC on the

association between wrist circumference and vascular stiffness in children and adolescents aged 5 - 18 years who referred to the

pediatric clinics affiliated with Zahedan University of Medical Sciences (ZaUMS) in the years 2022 and 2023. Physical

examinations and standardized measurements of wrist circumference, BMI, weight, BSA, and WC were conducted, with vascular

stiffness parameters including arterial distensibility, Aortic Stiffness Beta Index, and pressure strain elastic modulus evaluated.

Results: The analysis revealed that BMI, weight, BSA, and WC significantly mediated the relationship between wrist

circumference and specific vascular stiffness measures, notably for Aortic Stiffness Beta Index and pressure strain elastic

modulus. Sobel test results indicated significant mediation effects for BMI, BSA, and WC in both right and left wrist

circumferences, though mediation was not significant for arterial strain.

Conclusions: The findings underscore the importance of body composition variables in cardiovascular health assessments,

suggesting that indirect effects (IDE) of wrist circumference on vascular stiffness can vary by the type of body composition

metric and vascular parameter. These insights offer potential pathways for identifying at-risk populations and tailoring

cardiovascular interventions based on anthropometric assessments.
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1. Background

Cardiovascular disease (CVD) remains a major health

burden worldwide, and understanding the factors
involved in its development is important for prevention

and effective treatment (1). Atherosclerosis, which is a

characteristic of CVD, reflects the loss of elasticity of

arterial walls and efficiency and is also a predictor of

adverse cardiovascular outcomes (2). Among these,
waist circumference (WC), an easily measurable human

parameter, has received increasing attention as a

potential marker (3-5). However, the mechanism by

which WC influences arterial stiffness remains unclear.

Body composition plays an important role in

cardiovascular health. The most widely used measure of

obesity is Body Mass Index (BMI). However, BMI does not
fully capture differences in body composition because it

cannot differentiate between muscle mass and fat mass

(6). A higher BMI usually reflects increased body fat,

which is associated with increased atherosclerosis.

Excess adipose tissue can cause systemic inflammation,
oxidative stress, and changes in fat metabolism, all of

which contribute to arterial stiffness. Therefore, BMI
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may mediate the relationship between WC and arterial

stiffness, reflecting the distribution of fat in the body

and its effect on arterial health (7).

Although weight is a simple measurement, it can also

be affected by factors other than body fat, such as

muscle mass and bone density (8). Body weight, which is

directly linked to the body's total mass and

composition, is one of the factors that affect

cardiovascular health. Excessive body weight due to fat

is a common factor to be considered when checking

whether the load applied to the vascular system is

excessively high, leading to arterial stiffness. This is not

only about the wrist, but it does mean that weight can

act as a mediator on the wrist-to-vascular pathway;

people with a dystrophic body suffer greater vascular

oppression (7).

Body size, as reflected in body surface area (BSA),

which takes both height and weight into account,

provides a more accurate picture of one's dimensions

(9). Body surface area has recently been shown to be a

more representative metric of body size by measuring
the total BSA rather than just height and weight. It gives

an index of body size, which is a function of height and

weight. Although BSA is not the main element of fat

distribution in comparison to BMI, it can still affect

vascular stiffness by the size and metabolic demands of
the body. It may be that larger BSA in this population is

associated with higher cardiovascular load and

therefore, greater vascular stiffening, thus playing an

intermediary role (10).

Waist circumference, which is used specifically for

abdominal obesity, is said to have the most potent
connection with vascular stiffness (11). Waist

circumference is a central adiposity index, describing

the amount of fat that has accumulated around the

abdomen. Central obesity, which is one of the

components of metabolic syndrome, the cluster of
conditions that increase cardiovascular risk, is closely

related to it. The most dangerous part of abdominal fat

is the time of accompanying higher levels of excretory

products (cytokines) and insulin resistance, which, in

turn, make blood vascular stiffening. Therefore, WC
could mediate the activity of wrist circumference in

regard to vascular stiffening through its degree of
central obesity and its associated risks (12).

Wrist circumference, which is a simple, cost-effective,

and non-invasive measurement, has recently emerged

as a new indicator of heart disease risk (3).

2. Objectives

Researchers have revealed that WC, a newly

recognized anthropometric parameter, is not an

accurate measure of anxiety, stress, and CVDs such as

heart disease and stroke (13). Based on the evidence, we

state that BMI, weight, BSA, and WC may be the
intermediaries of the wrist circumference and vascular

stiffness relationship.

3. Methods

3.1. Study Design and Participants

This cross-sectional study sought to evaluate the

mediating roles of BMI, weight, BSA, and WC on the

association between wrist circumference (both right

and left) and vascular stiffness. Study participants

included children and adolescents from 5 through 18

years of age who referred to the pediatric clinics

affiliated with Zahedan University of Medical Sciences

(ZAUMS) in the years 2022 and 2023. According to the

protocol requirements, subjects to be admitted must be

free from any cardiac diseases, diabetes, or other

chronic disorders that could directly impact vascular

health. Participants on corticosteroids or medications

that could theoretically alter vascular stiffness were

excluded from the analysis.

3.2. Data Collection

Trained health professionals carried out the physical

examination and questionnaire surveys for the purpose

of data collection. The circumference of the wrist was

measured at its thinnest part, using a flexible measuring

tape, while the participant had their arms relaxed with

their palms facing towards the ceiling. Key

anthropometric data were also collected, including BMI,

calculated as weight in kilograms divided by height in

meters squared (kg/m2). Weight was measured using a

calibrated digital scale, and BSA was determined using

the DuBois formula: BSA = 0.007184 × (height in cm)0.725

× (weight in kg)0.425. Waist circumference was measured

at the midpoint between the lowest rib and the top of
the iliac crest.

3.3. Ethical Considerations

The study was approved by the ethical committee of

the Research Deputy, Zahedan University of Medical

Sciences, Iran (IR.ZAUMS.REC.1400.095).

3.4. Statistical Analysis

Statistical analyses were conducted using SPSS

software to aid mediation analysis such as Pearson

correlation.
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3.5. Formulas and Measures

Mediation analysis is a statistical method that helps

us understand how an independent variable (IV)
impacts a dependent variable (DV) through a mediator

variable (MV). The MV clarifies the process by which the
IV influences the DV. The analysis generally follows these

steps and formulas:

(1) Defining the relationships: In a mediation model,

the aim is to determine how the MV accounts for the

relationship between the IV and the DV. The

relationships can be outlined in the following paths:

- Path a: The effect of the IV on the MV.

- Path b: The effect of the MV on the DV, while
accounting for the IV.

- Path c: The total effect (TE) of the IV on the DV.

- Path c': The direct effect (DE) of the IV on the DV,

while controlling for the MV.

(2) Formulas and calculation:

- Total effect (c): The TE represents the overall impact

of the IV on the DV, without considering the mediator. c

= Effect of IV on DV

- Direct effect (c'): The DE is the effect of the IV on the

DV when accounting for the mediator. c′ = Effect of IV on

DV (controlling for MV)

- Indirect effect (a × b): The indirect effect (IDE)
represents the portion of the IV-DV relationship that is

explained by the mediator. It is the product of the effect
of the IV on the MV (path a) and the effect of the MV on

the DV (path b). IDE = a × b

- Mediation effect: Mediation effect is quantified as

the difference between the TE and the DE. Mediation

effect = c−c’

(3) Statistical testing: To determine whether the

mediation effect is statistically significant, several

methods can be used:

- Sobel test: This test assesses whether the IDE (a × b)

is significantly different from zero. The Sobel test

formula is: Z = a × b (b2 × σa2) + (a2 × σb2)

- Correlation analysis: Pearson correlation

coefficients were computed to explore the bivariate

relationships between wrist circumference, vascular

stiffness, and mediating variables. This preliminary

analysis helped establish the associations necessary for

subsequent mediation analysis.

- Mediation analysis: Mediation analysis was

employed to explore how BMI, weight, BSA, and WC

mediate the relationship between wrist circumference

and vascular stiffness. The analysis was conducted using

the Sobel test to assess the significance of the IDEs. The

following steps were performed:

• Step 1: Regressed vascular stiffness on wrist

circumference to determine the TE.

• Step 2: Regressed each mediator (BMI, weight, BSA,

WC) on wrist circumference to assess the effect of wrist
circumference on the mediator (path a).

• Step 3: Regressed vascular stiffness on the

mediators while controlling for wrist circumference to

estimate the DE and the effect of the mediators on

vascular stiffness (path b).

• Step 4: Calculated the IDE as the product of paths a

and b (a × b). The significance of the IDEs was evaluated

using the Sobel test and bootstrapping to provide

confidence intervals (14).

4. Results

This section presents the findings from the

mediation analyses exploring the relationships between

wrist circumference and vascular stiffness parameters,

specifically examining the roles of BMI, Weight, BSA, and

WC. The results highlight significant mediation effects

across various vascular stiffness metrics for both left

and right wrist circumferences.

Table 1 summarizes the findings from the mediation

analysis involving BMI. For the left WC, significant
results include: Arterial Distensibility, with a TE of

0.00038, yielding a Sobel value of -2.564 and a P-value of
0.010, which indicates a notable IDE. The Aortic Stiffness

Beta Index showed an IDE of 0.855, with a Sobel value of

2.205 and a P-value of 0.027, suggesting significant
mediation. Additionally, the pressure strain elastic

modulus had a TE of -11.407, a Sobel value of 2.252, and a

P-value of 0.024, highlighting a significant mediation

effect. In the right WC analysis, arterial distensibility

demonstrated a TE of -0.00004, with a significant Sobel

value of -2.896 and a P-value of 0.004, indicating strong

mediation. The Aortic Stiffness Beta Index exhibited an

IDE of 1.14, accompanied by a Sobel value of 2.388 and a P-

value of 0.017, suggesting significant mediation. Lastly,

the pressure strain elastic modulus reflected an IDE of

10.7199, with a Sobel value of 2.396 and a P-value of 0.017,

confirming significant mediation.

Table 2 presents the findings from the mediation

analysis involving Weight. For the Left WC, significant

results include: Arterial distensibility, with a TE of

0.00038, yielding a Sobel value of -2.726 and a P-value of

0.006, indicating a notable mediation effect. The Aortic

Stiffness Beta Index showed an IDE of 0.898, with a Sobel

value of 2.153 and a P-value of 0.031, suggesting

significant mediation. Additionally, the pressure strain

https://brieflands.com/articles/ircrj-160791
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Table 1. Body Mass Index Mediation on the Relationship Between Left and Right Wrist Circumference on Vascular Stiffness Parameters

Dependent and IVs TE DE IDE α σα β σβ Sobel Value P-Value

Left WC

Arterial strain 0.415 0.599 -0.184 1.221 0.339 -0.151 -0.147 -0.987823 0.3232394

Arterial distensibility 0.00038 -0.00023 0.00061 1.221 0.339 -0.000157 0.000043 -2.564121 0.0103438

Aortic Stiffness Beta Index -1.308 -2.163 0.855 1.221 0.339 0.7 0.251 2.2050937 0.0274475

Pressure strain elastic modulus -11.407 -19.664 8.257 1.221 0.339 6.764333 2.343369 2.2524663 0.0242928

Right WC

Arterial strain 0.282 0.531 -0.249 1.595 0.333 -0.156355 0.090203 -1.62992 0.1031182

Arterial distensibility -0.00004 0.000216 -0.00026 1.595 0.333 -0.00016 0.000044 -2.89626 0.0037763

Aortic Stiffness Beta Index -0.7294 -1.8694 1.14 1.595 0.333 0.714912 0.259375 2.3889775 0.0168953

Pressure strain elastic modulus -4.1791 -14.899 10.7199 1.595 0.333 6.722983 2.429738 2.39592 0.0165789

Abbreviations: WC, waist circumference; IV, independent variable, TE, total effect; DE, indirect effects; IDE, indirect effects.

elastic modulus exhibited a TE of -11.407, a Sobel value of

2.310, and a P-value of 0.021, highlighting a significant

mediation effect. In the right WC analysis, arterial

distensibility demonstrated a TE of -0.00004, with a

significant Sobel value of -2.958 and a P-value of 0.003,

indicating strong mediation. The Aortic Stiffness Beta

Index exhibited an IDE of 1.09, accompanied by a Sobel

value of 2.207 and a P-value of 0.027, suggesting

significant mediation. Lastly, the pressure strain elastic

modulus reflected an IDE of 10.879, with a Sobel value of

2.326 and a P-value of 0.020, confirming significant

mediation.

Table 3 highlights the key findings from the

mediation analysis involving BSA. For the Left WC,

significant results include: Arterial distensibility, with a

TE of 0.00038, resulting in a Sobel value of -2.249 and a

P-value of 0.025, indicating a notable mediation effect.

The Aortic Stiffness Beta Index showed an IDE of 0.8645,

with a Sobel value of 2.158 and a P-value of 0.031,

suggesting significant mediation. Additionally, the

pressure strain elastic modulus had a TE of -11.407, a

Sobel value of 2.305, and a P-value of 0.021, highlighting

a significant mediation effect. In the right WC analysis,

arterial distensibility demonstrated a TE of -0.00004,
with a significant Sobel value of -2.392 and a P-value of

0.017, indicating strong mediation. The Aortic Stiffness
Beta Index exhibited an IDE of 1.05418, accompanied by a

Sobel value of 2.215 and a P-value of 0.027, suggesting

significant mediation. Finally, the pressure strain elastic
modulus reflected an IDE of 10.5875, with a Sobel value

of 2.343 and a P-value of 0.019, confirming significant
mediation.

Table 4 presents the key findings from the mediation

analysis involving WC. For the Left WC, significant

results include the Aortic Stiffness Beta Index, which

exhibited an IDE of 0.984, accompanied by a Sobel value

of 2.396 and a P-value of 0.017, indicating a notable

mediation effect. Additionally, the pressure strain elastic

modulus showed a TE of -11.407, with a Sobel value of

2.419 and a P-value of 0.016, highlighting a significant

mediation effect. In the Right WC analysis, arterial

distensibility demonstrated a TE of -0.00004, with a

significant Sobel value of -2.697 and a P-value of 0.007,

indicating strong mediation. The Aortic Stiffness Beta

Index exhibited an IDE of 1.2816, with a Sobel value of

2.609 and a P-value of 0.009, suggesting significant

mediation. Finally, the pressure strain elastic modulus

reflected an IDE of 11.8669, with a Sobel value of 2.594

and a P-value of 0.009, confirming significant

mediation.

5. Discussion

Vascular stiffness, commonly assessed by pulse wave

velocity (PWV), refers to increased systemic membrane

rigidity, which is also known as the indices of arterial

strain, arterial distensibility, Aortic Stiffness Beta Index,

and pressure strain elasticity modulus (15). It is highly

predictive of heart attack and stroke (1, 16, 17). The

primary purpose of the present study was to find the

useful mediators in the connection between wrist

circumference and vascular stiffness. Body Mass Index,

BSA, weight, and WC were the parameters that showed a

mediating effect in this association, although there were

only slight differences in their effects, as the results

showed. Recently, the anthropometric features of

vascular stiffness have been proposed as a phenotype to

vascular stiffness in the latest studies (15, 18).

Nevertheless, this relationship is only probably

intervened by other anthropometric methods that need

to be cogitated to grasp the rooted mechanisms

correctly.
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Table 2. Weight Mediation on the Relationship Between Left and Right Wrist Circumference on Vascular Stiffness Parameters

Dependent and IVs TE DE IDE α σα β σβ Sobel Value P-Value

Left WC

Arterial strain 0.415 0.577 -0.162 4.63 1.116 -0.035 0.027 -1.2373047 0.215974

Arterial distensibility 0.00038 0.000251 0.000129 4.63 1.116 -0.000047 0.000013 -2.7256568 0.0064174

Aortic Stiffness Beta Index -1.308 -2.206 0.898 4.63 1.116 0.194 0.077 2.1534825 0.0312808

Pressure strain elastic modulus -11.407 -20.604 9.197 4.63 1.116 1.986 0.714 2.3103199 0.0208705

Right WC

Arterial strain 0.282 0.479 -0.197 5.646 1.098 -0.035 0.027 -1.2569698 0.2087646

Arterial distensibility -0.00004 0.000226 -0.00027 5.646 1.098 -0.000047 0.000013 -2.9575274 0.0031012

Aortic Stiffness Beta Index -0.7294 -1.82 1.09 5.646 1.098 0.193 0.079 2.2066495 0.0273386

Pressure strain elastic modulus -4.1791 -15.058 10.879 5.646 1.098 1.927 0.739 2.3256406 0.0200377

Abbreviations: WC, waist circumference; IV, independent variable, TE, total effect; DE, indirect effects; IDE, indirect effects.

Table 3. Body Surface Area Mediation on the Relationship Between Left and Right Wrist Circumference on Vascular Stiffness Parameters

Dependent and IVs TE DE IDE α σα β σβ Sobel Value P-Value

Left WC

Arterial strain 0.415 0.564 -0.149 0.074 0.019 -2.025591 1.581 -1.21704901 0.22358557

Arterial distensibility 0.00038 0.000238 0.000142 0.074 0.019 -0.002755 0.001 -2.24917441 0.0245014

Aortic Stiffness Beta Index -1.308 -2.1725 0.8645 0.074 0.019 11.745536 4.531655 2.15775671 0.03094675

Pressure strain elastic modulus -11.407 -20.296 8.889 0.074 0.019 120.82388 42.246351 2.30521992 0.02115426

Right WC

Arterial strain 0.282 0.463329 -0.181329 0.09 0.019 -2.014798 1.624504 -1.19980907 0.2302135

Arterial distensibility -0.00004 0.00021 -0.00025 0.09 0.019 -0.002772 0.001 -2.39244908 0.01673635

Aortic Stiffness Beta Index -0.7294 -1.78358 1.05418 0.09 0.019 11.699928 4.668196 2.21532026 0.02673809

Pressure strain elastic modulus -4.1791 -14.7666 10.5875 0.09 0.019 117.512 43.5988 2.34261705 0.01914903

Abbreviations: WC, waist circumference; IV, independent variable, TE, total effect; DE, indirect effects; IDE, indirect effects.

The measurement of wrist circumference becomes a

promising rough proxy in cardiovascular studies

because this feature is correlated with the variability of

both lean mass and fat mass. It is a lot easier to be

measured and less susceptible to short-term weight

changes than new techniques, such as WC (19). On the

other hand, the pure connection between the wrist

circumference and vascular stiffness is not an easy case;

hence it is plausible that wrist circumference would be

more of a marker than a direct cause of vascular

stiffness increment (4).

The cutoff point was that the BMI factor was a

mediator in the relationship between wrist

circumference and various vascular stiffness

parameters. The significant mediation effects were

found for arterial distensibility, Aortic Stiffness Beta

Index, and pressure-strain elastic modulus for both left

and right wrist circumference. In particular, these

results indicated the importance of BMI in the

explanations of how wrist circumference influenced

these vascular parameters, thus emphasizing the role of

body composition in the cardiovascular evaluation.

Increased BMI appears to be a cardiovascular risk factor,

including hypertension, dyslipidemia, and diabetes,

driving the active center (15) effect resulting in vascular

stiffness. Several studies have demonstrated that people

who have larger wrist circumference also have a higher

BMI, which hints that the BMI might be the factor that

links the wrist circumference to vascular stiffness. The

reason for all of these observations would be, of course,

the fact that having a thicker wrist would be associated

with increased obesity (20), and, further, inflammation

and fat build-up, which are both mechanisms leading to

vascular stiffness (15). Thus, BMI could be a link between

obesity and vascular stiffness, as obesity allows the

endothelium to be damaged, a major player that has

been oftentimes defined as the key to vascular stiffness.

Higher BMI is associated with more fatty tissue, which
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Table 4. Waist Circumference Mediation on the Relationship Between Left and Right Wrist Circumference on Vascular Stiffness Parameters

Dependent and IVs TE DE IDE α σα β σβ Sobel Value P-Value

Left WC

Arterial strain 0.415 0.535 -0.12 3.65 0.995 -0.033 0.03 -1.05364863 0.29204382

Arterial distensibility 0.00038 0.000213 0.000167 3.65 0.995 0.0000048 0.000015 0.31878937 0.74988624

Aortic Stiffness Beta Index -1.308 -2.292 0.984 3.65 0.995 0.269 0.085 2.39622292 0.01656501

Pressure strain elastic modulus -11.407 -20.737 9.33 3.65 0.995 2.554 0.794 2.41852527 0.01558356

Right WC

Arterial strain 0.282 0.438 -0.156 4.674 0.978 -0.0334 0.031 -1.05104124 0.29323965

Arterial distensibility -0.00004 0.000189 -0.000229 4.674 0.978 -0.000049 0.000015 -2.69686391 0.00699959

Aortic Stiffness Beta Index -0.7294 -2.011 1.2816 4.674 0.978 0.274 0.088 2.60881249 0.0090857

Pressure strain elastic modulus -4.1791 -16.046 11.8669 4.674 0.978 2.539 0.822 2.5941562 0.00948234

Abbreviations: WC, waist circumference; IV, independent variable, TE, total effect; DE, indirect effects; IDE, indirect effects.

may result in inflammation that is recurrent in a

human’s body and endothelial dysfunction, which is the

second main area of exercise. Adipose tissue is the

richest deposit of one of the key inflammatory

cytokines, namely, TNF-alpha and IL-6, which are capable

of destroying the elastic fibers in the arterial wall,

thereby causing stiffness (21, 22). Besides, the

accumulation of visceral fat, that is measured in BMI,

has been particularly associated with the stiffening of

the blood vessels, and it is implicitly BMI that takes on

the role of a mediator in this association (23).

The analysis focused on the weight indicated that it

was a factor that mediated the relationship between the

wrist circumference and the parameters of the vascular

stiffness. Significant mediation effects were shown for

arterial distensibility, Aortic Stiffness Beta Index, and

pressure-strain elastic modulus for left and right wrist

circumference. Thus, the results confirmed the

hypothesis that weight is a major determining factor in

mediating wrist circumference and vascular stiffness,

which emphasizes the importance of body weight as

part of the cardiovascular health evaluation. Body

weight is a fundamental measure closely related to BMI

but provides additional insights when it is considered

independently. While BMI provides a normalized weight

for height, the actual body weight might additionally

contribute to the vascular stiffness through the

hemodynamic factors (24). Increased body weight

might bring about higher blood pressure, which in turn

subjects the arteries to a greater level of tension, thus

making them stiffer. Hence, the wrist circumference

may, through its effect on the body weight, influence the

vascular stiffness. Larger wrist circumference is related

to higher body weight, which is one of the factors that

may account for increased vascular stiffness in that

respect (25, 26). The relationship between body weight

(weight gain) and body shape (vascular stiffness) can be

both direct and indirect. The direct way is that

undesirable weight down the cardiovascular system,

thus increasing blood pressure and higher vascular

stiffness. Among other mediators, the weight might

indirectly impact the results of the BMI and WC, which

are themselves the variables that are associated with

vascular stiffness. Therefore, when scrutinizing the

mediating role of weight, it is mandatory to take

weight's main effect on stiffness and its interaction with

other offsets into account (26, 27).

The analysis during mediation showed that BSA

played a role in mediating the connection between wrist

size and various measures of stiffness like arterial

distensibility and Aortic Stiffness Beta Index along with

pressure strain elastic modulus. The impact of BSA on

stiffness was evident in relation to both left and right

wrist sizes; however, it did not show an effect on arterial

strain in either wrist size. This discovery highlights the

significance of taking BSA into account during health

assessments as it plays a role in moderating the impact

of wrist circumference on vascular stiffness levels. Body

surface area is a metric used to estimate the surface area

of the body and is commonly utilized in medical

contexts for determining medication dosages and

evaluating heart function. It differs from BMI in that it

factors in height and weight to offer an evaluation of

body size with a focus on cardiovascular results. The

connection between BSA and vascular rigidity could be

influenced by factors like blood volume and heart

output, both of which are impacted by BSA itself. Wider

wrist size might be associated with a larger BSA,

consequently impacting vascular stiffness indirectly.

Body surface area could play a role in how wrist size

affects stiffness through its impact on these factors. A

higher BSA is linked to increased blood volume, which

could raise blood pressure levels and contribute to

increased rigidity.
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In addition to this, BSA is connected with the overall

size of the body and thus variable metabolic activity,

which might affect vascular health. Body surface area

could act as the medium for the proportion of wrist

circumference to vascular stiffness by capturing

information on body size and functioning, which BMI

and weight alone do not associate with.

Mediation analysis confirmed the role of WC as a

powerful mediator between wrist circumference and

several indices of vascular stiffness, including the Aortic

Stiffness beta index, arterial distensibility, and pressure-

strain elastic modulus. Both aortic stiffness and

pressure-strain elastic modulus showed evidence for

significant mediation. Interestingly, there was no

sufficient effect of WC on arterial strain and arterial

distensibility with respect to either left or right wrist

circumference, suggesting that WC's effects could be

limited to these vascular parameters. This emphasizes

the necessity to incorporate WC in the evaluation of

cardiovascular health due to its effect on certain

measures of vascular stiffness. Waist circumference is a

well-established measure of central obesity, which is

closely linked to cardiovascular risk factors and

outcomes. Unlike BMI, which provides a general

estimate of body fat, WC specifically reflects abdominal

fat, which is metabolically active and strongly

associated with vascular stiffness (19). Larger wrist

circumference could indicate a larger WC that might

give rise to vascular stiffness via its effect on central

obesity (28). Central obesity, as measured by WC, is more

significantly negative concerning vascular health, as

visceral fat stimulates inflammation, insulin resistance,

and dyslipidemia. These processes, in turn, advance

stiffening of the arterial walls (29). The central obesity

measure could act as an intermediate factor between

wrist circumference and vascular stiffness through its

representation of central fat amount that affects

vascular function. This mediation pathway underlines

the need to study fat distribution along with body size

when vascular stiffness is being examined (30).

We expect that BMI, weight, BSA, and WC will mediate

the relationship between wrist circumference and

vascular stiffness. We conjecture that a smaller

circumference of the wrist is associated with more body

fat within the torso region, which in turn stiffens the

arterial wall (28).

5.1. Novelty and Contribution

The most important new insight that this study

offers is a more advanced understanding of how

different body composition metrics mediate the

association between wrist circumference and vascular

stiffness in children. Through mediation analysis, using

various statistical methods, it provides an analysis of

how body composition influences vascular health. These

insights can be integrated into the establishment of

solid cardiovascular risk factors and more targeted and

effective interventions to prevent and manage vascular

stiffness. This approach may warrant improved clinical

practices and public health strategies for the prevention

of cardiovascular risk through personalized body

composition management.

5.2. Limitations and Considerations

The aforementioned BMI, BSA, Weight, and WC were

all separately included with other confounding factors

that may still influence the relationship between wrist

circumference and vascular stiffness. The sample size

used in the analysis may serve to highlight the point

that as sample size increases, the generalizability of the

findings increases too. The mediation analysis does not

establish causation; it shows the interactions that BMI

and other body composition metrics have within the

relationship between wrist circumference and vascular

stiffness.

5.3. Conclusions

This study concluded that BMI, weight, BSA, and WC

mediate the relationship between wrist circumference

and vascular stiffness parameters (arterial distensibility,

Aortic Stiffness Beta Index, pressure strain, and elastic

modulus). These findings underscore the importance of

comprehensive cardiovascular assessment, which

includes BMI, WC, and BSA. Longitudinal studies are

essential for understanding causal relations and

mediation dynamics over time. Effect mediators may

change according to age, gender, and ethnicity, which

would further justify formulating interventions for each

specific population.
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