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Abstract

Background: Arterial stiffness is a key marker of vascular aging and an independent predictor of
cardiovascular risk. Although diet has been proposed as an important modifiable factor influencing
vascular health, the independent associations between specific macro- and micronutrients and the
progression of arterial stiffness remain insufficiently characterized. Objective: To evaluate the
association between dietary macronutrient and micronutrient intake and changes in arterial stiffness
over a five-year follow-up in adults without previous cardiovascular disease. Methods: This
longitudinal study included 466 participants from the EVA study who were evaluated at baseline
and after a five-year follow-up (mean age 55.96 + 14.15 years; 51.1% women). Arterial stiffnes was
assessed using carotid—femoral pulse wave velocity (cfPWV) and the cardio-ankle vascular index
(CAVI). Dietary intake of macronutrients and micronutrients was estimated using the EVIDENT
smartphone application. Multivariable linear regression models were used to examine the association
between nutrient intake and arterial stiffness progression. Model 1 was adjusted for age and sex, and
Model 2 was additionally adjusted for lifestyle variables and cardiovascular risk factors. Results:
Higher dietary fiber intake was independently associated with a lower increment in cfPWYV after full
adjustment (3 = -0.025; 95% CI: -0.046 to —0.005). Alcohol intake showed a positive association with
CAVI increment in the fully adjusted model (3 = 0.020; 95% CI: 0.006 to 0.034). Iron intake was also
independently associated with increased CAVI ( = 0.022; 95% CI: 0.004 to 0.041). Carbohydrate
intake showed a small positive association with CAVI, whereas no consistent independent
associations were observed for other macro- or micronutrients. Conclusions: In this adult population
without previous cardiovascular disease, higher dietary fiber intake was associated with lower
progression of central arterial stiffness, whereas alcohol and iron intake showed positive associations
with peripheral arterial stiffness. Overall, most nutrients were not independently related to arterial
stiffness after comprehensive adjustment. These findings suggest that selected dietary components
may contribute modestly to vascular aging.
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1. Introduction

Arterial stiffness represents an integrative phenotype of vascular aging and the cumulative
burden of cardiometabolic risk factors, with well-established prognostic implications. In this context,
carotid—femoral pulse wave velocity (cfPWYV), considered the reference standard for assessing aortic
stiffness, has consistently been associated with cardiovascular events and mortality and provides
prognostic information beyond traditional cardiovascular risk factors [1,2]. Its clinical relevance has
been widely recognized; however, the interpretation of arterial stiffness requires appropriate
methodological standardization and a precise understanding of its pathophysiological basis, as
different indices capture partially distinct arterial properties [3-5].

In addition to cfPWYV, the cardio-ankle vascular index (CAVI) has emerged as a complementary
measure of arterial stiffness that evaluates the arterial tree from the aortic origin to peripheral arteries
[6,7]. Unlike other pulse wave velocity measurements, CAVI was designed to minimize the
immediate influence of blood pressure at the time of measurement, based on both theoretical
principles and experimental evidence [6,7]. Longitudinal studies have shown that CAVI provides
additional prognostic information for cardiovascular events, reinforcing its value as a marker of
subclinical vascular damage [8]. Therefore, the combined use of cfPWV and CAVI allows a more
comprehensive characterization of the arterial stiffness process, particularly in population-based
studies aimed at detecting early vascular aging [3-8].

Diet is one of the main potentially modifiable environmental determinants of vascular health.
Several systematic reviews have suggested that dietary and nutritional interventions may influence
arterial stiffness, although results remain heterogeneous depending on study design, the metabolic
profile of the population, and the specific dietary component evaluated [9-11]. In individuals with
overweight or obesity, in whom arterial stiffness may be accelerated by chronic inflammation,
oxidative stress, and endothelial dysfunction, certain dietary patterns—including those consistent
with the Mediterranean diet—have been associated with more favorable vascular function and
arterial stiffness parameters [11-13]. These findings are consistent with population-based studies
conducted in Mediterranean settings, where the relationship between lifestyle factors, dietary habits,
and different markers of vascular aging and subclinical arterial damage has been explored [12,13,32].
However, most available evidence has focused on dietary patterns or specific nutrients examined in
isolation. Few population studies have simultaneously evaluated both macronutrient and
micronutrient intake in relation to different arterial stiffness indices. In particular, evidence
integrating complementary measures such as cfPWV and CAVI remains limited.

Regarding macronutrients, several observational studies have reported associations between
habitual dietary composition and markers of arterial stiffness. In young populations, dietary fat and
alcohol intake have been linked to indices of vascular health [14], whereas in patients at high
cardiovascular risk, higher carbohydrate intake has been associated with increased arterial stiffness
[15]. Furthermore, associations between central adiposity, protein intake, and arterial stiffness have
been observed in pediatric populations with overweight, suggesting that dietary influences on
vascular aging may begin early in life [16].

Among macronutrients, dietary fiber deserves particular attention because of its biological
plausibility and the relative consistency of observational evidence. Longitudinal studies have shown
that lower cumulative fiber intake from early life is associated with greater arterial stiffness in
adulthood [17]. Similarly, fiber-rich foods such as whole grains have been associated with lower
aortic stiffness in different population settings [18]. From a mechanistic perspective, dietary fiber may
exert beneficial effects on vascular function through improvements in lipid profile, reductions in
systemic inflammation, modulation of glycemic control, and the metabolic effects of colonic
fermentation and short-chain fatty acid production [19-21].
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Alcohol consumption represents another relevant dietary determinant due to its high prevalence
and the complexity of its relationship with cardiovascular health. Although some studies have
suggested non-linear associations with certain cardiovascular outcomes, there is consistent evidence
that excessive alcohol consumption is associated with increased blood pressure, oxidative stress, and
endothelial dysfunction [22-24]. In this context, the relationship between alcohol intake and arterial
stiffness remains a subject of debate, particularly in population-based studies characterized by
heterogeneous drinking patterns [25,26].

Among micronutrients, iron is of particular interest because of its potential role in vascular
oxidative stress. Alterations in iron metabolism may promote pro-oxidant reactions, mitochondrial
dysfunction, and endothelial damage —processes involved in arterial remodeling and vascular aging
[29-31,42]. Observational studies have reported associations between elevated serum ferritin levels
and increased arterial stiffness measured by pulse wave velocity in adults without cardiovascular
disease [27,28], providing a biologically plausible framework for investigating these relationships in
epidemiological studies.

Finally, minerals such as sodium and potassium have also been associated with parameters of
vascular structure and function. Sodium restriction has been associated with reductions in arterial
stiffness in meta-analyses of clinical trials [33]. Likewise, dietary interventions combining sodium
reduction with increased potassium intake have demonstrated beneficial effects on arterial stiffness
[34]. In addition, for certain micronutrients involved in iron metabolism and oxidative stress
pathways, mechanisms related to alterations in vascular function and arterial remodeling have been
proposed [30,31].

Overall, although existing evidence suggests that diet plays an important role in the modulation
of arterial stiffness, important gaps remain regarding the simultaneous integration of macronutrient
and micronutrient intake with complementary measures of arterial stiffness such as cfPWV and CAVL
These associations may be particularly relevant in the context of early vascular aging phenotypes
described in Mediterranean populations [12,13,32]. Therefore, the aim of the present study was to
evaluate the association between dietary macronutrient and micronutrient intake and the progression
of arterial stiffness, measured using cfPWV and CAV], in adults without previous cardiovascular
disease. Understanding the role of specific dietary components in vascular aging may contribute to
the identification of modifiable lifestyle factors relevant for early cardiovascular prevention.

2. Materials and Methods

2.1. Study Design, Participants, and Sample Size

A descriptive study with both cross-sectional and longitudinal analyses was conducted within
the framework of the Association between different risk factors and vascular accelerated ageing (EVA
study; NCT02623894) [35].

The study population consisted of individuals receiving care in five urban primary care centers.
Participants were selected through stratified random sampling with replacement according to age
groups (35, 45, 55, 65, and 75 years) and sex. From a reference population of 43,946 individuals, a total
of 501 participants were included, approximately 100 per age group, with a balanced distribution of
men and women.

Baseline assessment and participant recruitment were carried out between June 2016 and
November 2017. The follow-up visit was conducted approximately five years later, between May
2021 and October 2022.

Inclusion criteria were age between 35 and 75 years and provision of written informed consent.
Exclusion criteria included terminal illness, inability to attend the health center, previous
cardiovascular disease, estimated glomerular filtration rate below 30 mL/min/1.73 m? chronic
inflammatory diseases or acute inflammatory processes within the previous three months, and
treatment with estrogens, testosterone, or growth hormone.
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At the five-year follow-up evaluation, 480 participants were reassessed. The final analytical
sample consisted of 466 individuals who completed both evaluations and had complete three-day
dietary records. Flow diagrams describing the baseline assessment and participant attrition during
the five-year follow-up are presented in Figures S1 and S2 (Supplementary Material).

The study was conducted following the recommendations of the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines [36].

2.2. Ethical Considerations

The study was approved by the Drug Research Ethics Committee of the Salamanca Health Area
on 4 May 2015 for the baseline evaluation and on 13 November 2020 for the follow-up assessment
(reference code PI 2020 10 569).

All participants provided written informed consent prior to their inclusion in the study. The
research was conducted in accordance with the ethical principles established in the Declaration of
Helsinki [37].

Data were anonymized before analysis through the assignment of unique alphanumeric
identifiers. Access to personal information was restricted to authorized members of the research
team.

2.3. Dependent Variables

Central arterial stiffness was assessed using carotid—femoral pulse wave velocity (cfPWYV)
measured with the SphygmoCor system (AtCor Medical Pty Ltd., West Ryde, Australia). Pulse waves
were recorded at the carotid and femoral arteries with the participant in the supine position.

Transit time was estimated relative to the R wave of the electrocardiogram. Distances were
measured with a tape measure from the suprasternal notch to the carotid and femoral recording sites.
cfPWV was calculated according to established measurement recommendations [38].

Peripheral arterial stiffness was assessed using the cardio-ankle vascular index (CAVI)
measured with the VaSera VS-1500 device (Fukuda Denshi Co., Ltd., Tokyo, Japan), following the
manufacturer’s instructions. For the measurement, cuffs were placed on both arms and ankles [39].

To minimize the influence of acute factors on vascular measurements, participants were
instructed to avoid caffeine consumption, smoking, and vigorous physical activity for at least three
hours prior to the assessment. Additionally, they remained at rest for a minimum of five minutes
before measurements were performed.

2.4. Independent Variables

Dietary intake was assessed using a three-day food record collected through the EVIDENT
mobile application. This application was developed and validated by the Primary Care Research
Group of Castilla y Ledén (REDIAPP) and is registered under intellectual property number
00/2014/2207 [40].

Participants recorded all foods and beverages consumed over three consecutive days, including
portion size and preparation method. Foods were classified into predefined categories within the
application.

Daily intake of macronutrients (energy, protein, carbohydrates, total fat, saturated fatty acids,
monounsaturated fatty acids, polyunsaturated fatty acids, dietary fiber, cholesterol, alcohol, and
water) and micronutrients (iron, iodine, magnesium, zinc, selenium, sodium, and potassium) was
estimated using Spanish food composition tables.

2.5. Confounding Variables

Sociodemographic and lifestyle variables were collected using standardized questionnaires.
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Age and sex were recorded for all participants. Lifestyle-related factors included smoking status
and alcohol consumption. Adherence to the Mediterranean dietary pattern was assessed using the
14-item Mediterranean Diet Adherence Screener (MEDAS) [41].

Sedentary behavior was assessed using the Marshall Sitting Questionnaire [42,43], and physical
activity was measured using the short version of the International Physical Activity Questionnaire
(IPAQ-SF) [44,45], with results expressed in metabolic equivalent task minutes per week (MET-
min/week).

Fasting blood samples were obtained to determine lipid profile and plasma glucose levels. Blood
pressure and heart rate were measured using a validated automated sphygmomanometer (OMRON
M10-IT) following the recommendations of the European Society of Hypertension [46].

Anthropometric measurements were performed following standardized procedures. Body
weight and height were recorded, and body mass index (BMI) was calculated as weight divided by
height squared.

2.6. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics version 28.0 (IBM Corp., Armonk,
NY, USA). All tests were two-tailed, and statistical significance was set at p < 0.05.

Descriptive Analysis: The normality of continuous variables was assessed using the Shapiro-Wilk
test. Skewness and kurtosis values were also examined to characterize data distribution. Variables
with approximately normal distribution were expressed as mean + standard deviation (SD), whereas
variables with non-normal distribution were described as median and interquartile range (IQR).
Comparisons between men and women were performed using Student’s t-test for independent
samples when normality assumptions were met. Otherwise, the Mann—-Whitney U test was applied.
Given the sample size (n =466), parametric tests were considered robust to moderate deviations from
normality. To control for multiple comparisons in nutritional analyses, p-values were additionally
adjusted using the Benjamini-Hochberg false discovery rate (FDR) procedure. Effect sizes were
calculated for all between-group comparisons. Cohen’s d was used for parametric tests and the r
statistic for non-parametric tests. Ninety-five percent confidence intervals were estimated for effect
size measures.

Multivariable Analysis: Multivariable linear regression models were constructed to analyze the
association between dietary intake (macronutrients and micronutrients) and arterial stiffness
parameters. Two hierarchical models were fitted for each dependent variable: Model 1: adjusted for
age and sex. Model 2: additionally, adjusted for lifestyle variables and cardiovascular risk factors,
including physical activity, alcohol consumption, body mass index, systolic and diastolic blood
pressure, total cholesterol, LDL cholesterol, and fasting glucose. Dietary variables were introduced
as continuous predictors. Regression coefficients ((3) and their corresponding 95% confidence
intervals were reported. The assumptions of linear regression, including linearity and
homoscedasticity of residuals, were evaluated through graphical inspection.

3. Results

3.1. Clinical and Vascular Characteristics

As shown in Table 1, men and women did not differ in age. Men reported higher alcohol
consumption, higher levels of physical activity, and longer sitting time, whereas women showed
greater adherence to the Mediterranean diet. Men also exhibited higher values of systolic and
diastolic blood pressure, pulse pressure, fasting glucose, body weight, and height (Table 1).
Differences in body mass index were small. No significant sex differences were observed in total
cholesterol, LDL cholesterol, or CAVI increment (Table 1). Arterial stiffness parameters were
generally higher in men, although these differences were modest.

Assessment of normality (Table S1) indicated that several behavioral and vascular variables
showed non-normal distributions, supporting the use of non-parametric tests when appropriate.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Effect size analysis (Table S2) revealed large differences for height and body weight, moderate
differences for alcohol consumption and physical activity, and small or negligible effects for most
metabolic and vascular parameters.

Table 1. Characteristics of the study population overall and by sex.

Variable Total (n = 466) Men (n = 226) Women (n =240) p-Value
Age (years) 55.96 + 14.15 55.94 + 14.19 55.98 + 14.13 0.973
Alcohol (g/week) 0.00 (0.00-65.00)  30.00 (0.00-105.00) 0.00 (0.00-20.00)  <0.001
Mediterranean diet score 717 £2.07 6.73+1.98 7.58 £2.08 <0.001
Total physical activity (MET- 1537.50 (742.12-  2106.00 (1386.00—  1263.75 (693.00— <0.001
min/week) 2772.00) 4134.00) 2079.00) '
Sitting time (h/week) 4214 +17.81 47.97 +16.54 36.66 +17.23 <0.001
Systolic BP (mmHg) 119.70 + 17.76 125.73 +16.49 114.03 + 17.06 <0.001
Diastolic BP (mmHg) 75.64 +10.00 77.68 £9.16 73.73 +10.39 <0.001
Pulse pressure (mmHg) 44.06 + 12.32 48.05 + 12.03 40.30+11.40 <0.001
Heart rate (bpm) 68.72£9.52 67.65 £ 9.99 69.73 £ 8.96 0.018
Total cholesterol (mg/dL) 194.97 + 32.84 192.61 + 33.09 197.20 + 32.52 0.132
LDL cholesterol (mg/dL) 115.58 +29.51 117.60 + 30.57 113.68 +28.42 0.153
Glucose (mg/dL) 85.00 (79.00-93.00) 87.00 (80.00-95.00) 84.00 (78.00-90.00) 0.001
Weight (kg) 72.48 +13.85 79.73+11.85 65.66 +12.02 <0.001
Height (cm) 165.06 +9.69 171.81+7.26 158.70 + 7.03 <0.001
Body mass index (kg/m?) 26.55 +4.22 26.99 £ 3.41 26.13 +4.82 0.027
Pulse wave velocity (m/s) 7.60 (6.50-9.10) 7.90 (6.60-10.10) 7.30 (6.40-8.70) <0.001
AcfPWYV (m/s) 1.14+1.76 1.33+1.75 0.96 £1.75 0.023
Mean CAVI 8.01+1.46 8.16 £1.50 7.87 +1.40 0.030
ACAVI 0.18 +0.89 0.24 +0.86 0.12+0.92 0.129

Values are presented as mean + standard deviation (SD) for approximately normally distributed variables, and
as median (interquartile range, IQR) for non-normally distributed variables. Normality was assessed using the
Shapiro-Wilk test and distribution shape (skewness/kurtosis). Between-group comparisons were performed
using Student’s t-test for independent samples (Welch’s correction when variances were unequal based on
Levene’s test) or the Mann-Whitney U test, as appropriate. A p-value < 0.05 was considered statistically
significant. Abbreviations: BP, blood pressure; CAV], cardio-ankle vascular index; cfPWYV, carotid-femoral pulse

wave velocity; MET, metabolic equivalent.

3.2. Macronutrient Intake

As shown in Table 2, total energy intake was higher in men than in women (p < 0.001). Men also
had higher intakes of protein, total fat, saturated fatty acids, monounsaturated fatty acids, dietary
cholesterol, and alcohol (all p < 0.002). No significant sex differences were observed for dietary fiber
intake, polyunsaturated fatty acids, or water intake. Carbohydrate intake showed a borderline
difference between sexes (p = 0.059). Overall, sex differences in macronutrient intake were mainly
driven by higher total energy intake and greater consumption of fat-related components in men.

As shown in Table S3, several macronutrient variables deviated from a normal distribution,
particularly energy intake, total fat, saturated fatty acids, and alcohol intake, which displayed
positive skewness. In contrast, dietary fiber and water intake showed distributions closer to
normality. These findings supported the use of parametric or non-parametric tests as appropriate.

Effect size analysis (Table S4) indicated that sex differences in macronutrient intake were
generally small to moderate. The largest effect sizes were observed for total energy intake, total fat,
monounsaturated fatty acids, and alcohol consumption, whereas carbohydrate intake, fiber intake,
polyunsaturated fatty acids, and water intake showed small or negligible effect sizes.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 2. Macronutrient Intake Overall and by Sex.
Variable Total (n=466) Men (n=226) Women (n =240) p-Value
Energy intake (kcal/day) 2061 (1770-24766) 2177 (1812-2557) 1958 (1714-2324) <0.001
Protein (g/day) 96 (80-111) 99 (85-115) 91 (76-108) <0.001
Carbohydrates (g/day) 193 (159-236) 203 (162-242) 188 (156-233) 0.059
Dietary fiber (g/day) 25 (19-30) 25 (19-30) 25 (19-31) 0.970
Total fat (g/day) 92(77-114) 98 (81-117) 88 (75-109) <0.001
Saturated fatty acids (g/day) 30 (24-37) 32 (26-38) 28 (22-35) 0.002
Monounsaturated fatty acids 43 (35-54) 47 (38-56) 40 (34-51) <0.001
(g/day)
Polyunsaturated fatty acids (g/day) 16 (9-15) 12 (9-15) 11 (9-14) 0.093
Dietary cholesterol (mg/day) 358 (287-439) 394 (307-470) 328 (268-402) <0.001
Alcohol (g/day) 0.00 (0.00-4.62)  0.37 (0.00-7.55) 0.00 (0.00-2.31) <0.001
Water (mL/day) 1358 (1150-1606) 1357 (1148-1666) 1358 (1150-1562) 0.217

Values are presented as mean + standard deviation (SD) for normally distributed variables and as median
(interquartile range, IQR) for non-normally distributed variables. Between-group comparisons were performed
using Student’s t-test or the Mann-Whitney U test, as appropriate. Multiple comparisons were corrected using
the Benjamini-Hochberg false discovery rate (FDR) method. Effect sizes are reported as Cohen’s d (parametric)

or r (non-parametric).

3.3. Micronutrient Intake

As shown in Table 3, men had significantly higher intakes of iron, iodine, zinc, selenium, and
sodium compared with women (all p < 0.024). The most pronounced difference was observed for
sodium intake (p < 0.001). No significant sex differences were found in magnesium or potassium
intake. Overall, sex differences in micronutrient intake were modest and largely paralleled the higher
total energy intake observed in men.

Normality assessment indicated that several micronutrient variables deviated from a normal
distribution (Table S5). Effect size analysis showed that most sex differences were small in magnitude
despite reaching statistical significance (Table S6).

Table 3. Micronutrient Intake Overall and by Sex.

Variable Total (n = 466) Men (n = 226) Women (n=240) p-Value
Iron (mg/day) 156 (13-19) 160 (130-20) 15 (12-18) 0.017
Iodine (ug/day) 103 (80-135) 109 (82-141) 100 (79-128) 0.024
Magnesium (mg/day) 319 (261-375) 321 (270-376) 317 (257-373) 0.422
Zinc (mg/day) 11 (9-13) 11 (9-13) 10 (9-12) 0.006
Selenium (pg/day) 118 (94-151) 122 (97-163) 116 (90-142) 0.008

Sodium (mg/day) 3384 (2509-4335) 3669 (2843-4673) 3137 (2355-4108)  <0.001
Potassium (mg/day) 3555 (2934-4261) 3607 (2979-4345) 3523 (2914-4170)  0.146

Values are presented as mean + standard deviation (SD) for normally distributed variables and as median

(interquartile range, IQR) for non-normally distributed variables. Between-group comparisons were performed
using Student’s t-test or the Mann-Whitney U test, as appropriate. Multiple comparisons were corrected using
the Benjamini-Hochberg false discovery rate (FDR) method. Effect sizes are reported as Cohen’s d (parametric)

or r (non-parametric).

3.4. Association between Macronutrient Intake and cfPWV Increment

In the model adjusted for age and sex (Figure 1, Panel A), dietary fiber intake was inversely
associated with cfPWV increment (3 = —0.022; 95% CI: -0.042 to —0.003), indicating that higher fiber
intake was associated with lower progression of arterial stiffness. After additional adjustment for
lifestyle variables and cardiovascular risk factors (Figure 1, Panel B), the inverse association between
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fiber intake and cfPWYV increment remained statistically significant (p = —0.025; 95% CI: -0.046 to

~0.005).
a
Alcohol —— 4 -0.000 (0024, 0,023) Aleohol — e 0.0030-0.025,0.031]
Carbohydrate ey -0.002 [-0.004, 0.001] Carbohydrate HBY -0.002 [-0.004, 0.001]
Cholesterol 0.000 [-0.001, 0.001) Cholesterol . 0.000 -0.001, 0.001]
Energy -0.000 [-0.000, 0.000] Energy L -0.000 [-0.000, 0.000]
Fat — 0.001 [-0.005, 0.006] Fat —— 0.001 [-0.004, 0.007]
Fiber — 0.022 [0.042, -0.003] Fiber P -0.025 [-0.046, -0.005]
MUFA —— 0.001 [-0.011, 0.012] MUFA i 0.002 [-0.010, 0.013]
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Figure 1. Association between macronutrient and cfPWV Increment Panel a adjusted for age and sex and panel

b adjusted for age, sex, lifestyle variables and cardiovascular risk factors.

3.5. Association between Macronutrient Intake and CAVI Increment

In the model adjusted for age and sex (Figure 2, Panel A), alcohol intake was positively
associated with CAVI increment ( = 0.014; 95% CI: 0.002 to 0.025), whereas carbohydrate intake
showed a very small positive association (f = 0.001; 95% CI: 0.000 to 0.003). After additional
adjustment for lifestyle variables and cardiovascular risk factors (Figure 2, Panel B), alcohol intake
remained independently associated with CAVI increment and showed a slightly larger effect size (3
= 0.020; 95% CI: 0.006 to 0.034). Carbohydrate intake maintained a very small positive association ([3
=0.001; 95% CI: 0.000 to 0.003).

a
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Figure 2. Association between macronutrient and CAVI Increment Panel a adjusted for age and sex and panel b

adjusted for age, sex, lifestyle variables and cardiovascular risk factors.
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3.6. Association between Micronutrient Intake and cfPWV Increment

As shown in Figure 3, no micronutrient was significantly associated with cfPWYV increment in

either of the two models analyzed.
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Figure 3. Association between micronutrient and cfPWV Increment Panel a adjusted for age and sex and panel

b adjusted for age, sex, lifestyle variables and cardiovascular risk factors.

3.7. Association between Micronutrient Intake and CAVI Increment

In the model adjusted for age and sex (Figure 4, Panel A), no statistically significant associations
were observed between micronutrient intake and CAVI increment. After additional adjustment for
lifestyle variables and cardiovascular risk factors (Figure 4, Panel B), iron intake was positively and

independently associated with CAVI increment (3 = 0.022; 95% CI: 0.004 to 0.041).

Figure 4. Association between micronutrient and CAVI Increment Panel a adjusted for age and sex and panel b

adjusted for age, sex, lifestyle variables and cardiovascular risk factors.

). Distributed under a Creative Commons CC BY license.
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4. Discussion

4.1. Main Findings

In this five-year longitudinal study, we examined the associations between habitual dietary
intake of macronutrients and micronutrients and the progression of arterial stiffness assessed by
cfPWV and CAVI. The main findings indicate that higher dietary fiber intake was inversely
associated with cfPWV progression after full adjustment. In contrast, alcohol consumption and iron
intake showed independent positive associations with CAVI progression, while carbohydrate intake
showed a very small positive association with this index. Overall, the observed associations were
modest in magnitude, and most of the nutrients evaluated did not show independent relationships
after full adjustment.

Importantly, the longitudinal design of the present study allows the evaluation of changes in
arterial stiffness over time, providing additional insight beyond cross-sectional associations.

An important observation is that the associations differed depending on the arterial stiffness
index considered. Dietary fiber was associated with changes in cfPWV, a predominantly aortic
marker, whereas alcohol and iron intake were associated with CAVI, which integrates arterial
stiffness along a more extensive vascular segment and is less dependent on blood pressure at the time
of measurement [6-8]. These findings support the combined use of different arterial stiffness indices
in population-based studies, as previously suggested in research focused on vascular aging and
subclinical arterial damage [12,13,32].

Another aspect that may help interpret our findings relates to the physiological differences
between the arterial stiffness indices used. Carotid—femoral pulse wave velocity (cfPWV) primarily
reflects the stiffness of central elastic arteries, particularly the aorta, whereas the cardio-ankle vascular
index (CAVI) integrates arterial stiffness across a broader vascular segment extending from the aorta
to peripheral muscular arteries [3,7]. Consequently, both indices may capture partially different
aspects of the vascular aging process. The differential associations observed in this study —between
dietary fiber intake and cfPWV, and between alcohol consumption and iron intake with CAVI—may
therefore reflect distinct effects of dietary factors on central versus systemic arterial stiffness.

4.2. Dietary Fiber and Arterial Stiffness

The inverse association between dietary fiber intake and the increase in cfPWV observed in this
study is consistent with previous evidence. Longitudinal studies have reported that lower cumulative
fiber intake from adolescence is associated with greater arterial stiffness in adulthood [17]. In
addition, systematic reviews and population-based studies have linked higher fiber intake with
reduced cardiovascular risk and more favorable vascular profiles [21,47-49].

From a pathophysiological perspective, several mechanisms may explain the beneficial effects
of dietary fiber on vascular function. These include reductions in systemic inflammation,
improvements in insulin sensitivity, and the production of short-chain fatty acids with anti-
inflammatory and vasoprotective properties [19-21]. However, intervention trials evaluating fiber
supplementation have produced heterogeneous results regarding arterial stiffness, suggesting that
the vascular effects of fiber may depend on the overall dietary context and the baseline metabolic
phenotype [51].

4.3. Alcohol and Arterial Stiffness

Alcohol consumption showed an independent positive association with CAVI progression.
Evidence regarding the relationship between alcohol intake and arterial stiffness remains
heterogeneous. Although some studies have suggested non-linear associations with certain
cardiovascular outcomes, substantial evidence indicates that higher alcohol consumption is
associated with increased blood pressure, oxidative stress, and endothelial dysfunction [22-24,52].
Prospective studies and meta-analyses have also reported associations between different patterns of

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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alcohol consumption and vascular aging, although results vary considerably across populations and
study designs [25,26,53].

The association observed with CAVI may reflect a broader impact of alcohol on peripheral
arterial segments. However, the lack of detailed information regarding drinking patterns, such as
episodic heavy drinking, limits the mechanistic interpretation of these findings.

4.4. Iron, Oxidative Stress, and Arterial Stiffness

The positive association between dietary iron intake and CAVI progression observed in this
study is biologically plausible. Observational studies have reported associations between higher
serum ferritin levels and increased arterial stiffness measured by PWV [27,28]. Mechanistically, iron
may promote pro-oxidant reactions, mitochondrial dysfunction, and endothelial damage, processes
involved in vascular remodeling and arterial aging [29-31,54].

Nevertheless, epidemiological evidence linking dietary iron intake with arterial stiffness
remains limited and inconclusive. Furthermore, the present study did not differentiate between heme
and non-heme iron intake and did not include biochemical markers of iron status. Therefore, these
findings should be interpreted as exploratory.

4.5. Carbohydrates and Arterial Stiffness

In the present study, carbohydrate intake showed a very small positive association with CAVI
progression that remained after adjustment for lifestyle variables and cardiovascular risk factors.
Although the magnitude of this association was limited, the finding suggests that certain aspects of
carbohydrate intake may be modestly related to the vascular aging process.

The existing evidence regarding dietary carbohydrates and arterial stiffness is heterogeneous.
Some observational studies have reported associations between higher habitual carbohydrate intake
and worse vascular function parameters in populations at elevated cardiovascular risk [15].
However, interpreting these associations is complex, as the cardiovascular impact of carbohydrates
largely depends on their nutritional quality, including factors such as degree of refinement, glycemic
index, and fiber content [50,55].

Moreover, several epidemiological studies have shown that the relationship between total
carbohydrate intake and cardiovascular health may vary according to the overall dietary pattern,
with different outcomes observed when carbohydrates derive primarily from refined foods
compared with fiber-rich and complex carbohydrate sources [56]. In this context, the association
observed in our study may reflect differences in carbohydrate quality rather than total carbohydrate
quantity.

Overall, although the identified association was small in magnitude, these findings suggest that
the composition and quality of dietary carbohydrates may play a role in vascular aging. Further
studies evaluating specific carbohydrate sources and consumption patterns are needed to better
clarify these relationships.

4.6. Lack of Associations for Other Nutrients

Most of the macronutrients and micronutrients analyzed did not show independent associations
after full adjustment. This finding suggests that some relationships observed in minimally adjusted
models may be mediated by confounding factors such as body mass index, blood pressure, or
metabolic profile. It also reinforces the concept that arterial stiffness reflects the complex interaction
of multiple dietary and non-dietary determinants rather than the isolated effect of individual
nutrients.

It is also possible that the effects of individual nutrients on arterial stiffness are relatively small
and may become more evident when considering overall dietary patterns rather than isolated
nutrients.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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4.7. Clinical Implications

From a clinical perspective, these findings are consistent with dietary recommendations that
emphasize healthy eating patterns rich in fiber and moderate alcohol consumption rather than
interventions focused on single nutrients. Given the observational nature of the study and the modest
magnitude of the associations, individualized clinical recommendations based solely on these results
cannot be established.

In this context, the findings support an approach focused on overall dietary quality rather than
isolated nutrient modification. From a cardiovascular prevention standpoint, identifying dietary
factors associated with arterial stiffness progression may be particularly relevant in primary care
settings, where preventive strategies are often targeted at individuals without established
cardiovascular disease but potentially presenting early vascular alterations. Nevertheless, given the
observational design of the study, these results should be considered hypothesis-generating rather
than a basis for specific nutrient-based recommendations.

In this regard, arterial stiffness may represent a useful intermediate marker for the early
identification of the cumulative impact of unfavorable dietary exposures before the development of
overt cardiovascular disease. From a public health perspective, these findings support the relevance
of dietary quality as a potential contributor to vascular health in the general population.

4.8. Strengths and Limitations

Among the study limitations are its observational design, the potential for residual confounding,
and the use of dietary assessment methods susceptible to measurement error. In addition, dietary
intake based on self-reported records may be subject to recall bias or underreporting. The strengths
of the study include its longitudinal design, adequate sample size, simultaneous assessment of
cfPWV and CAV], and the use of progressively adjusted multivariable models, in line with previous
population-based studies conducted in Mediterranean settings [12,13,32].

5. Conclusions

In this population-based cohort of adults without previous cardiovascular disease, higher
dietary fiber intake was associated with lower progression of central arterial stiffness assessed by
cfPWV. In contrast, alcohol consumption and iron intake showed positive associations with CAVI
progression, while carbohydrate intake showed a very small positive association with this index.
Overall, the magnitude of these associations was modest and most nutrients were not independently
related to arterial stiffness after full adjustment.

These findings suggest that the relationship between diet and arterial stiffness is complex and
likely multifactorial. Further studies are needed to confirm these associations and clarify the
mechanisms linking dietary factors with vascular aging.
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