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Abstract: Background/Objectives: Cognitive decline has been increasingly linked to cardiac
autonomic control, yet its relationship with specific cognitive domains, such as information
processing speed and executive function, remains unclear. This study investigated the association
between cardiac autonomic modulation and cognitive performance in older adults. Methods: A
cross-sectional study was conducted with 101 older adults (260 years) from a university hospital
outpatient clinic. Participants were classified as cognitively intact (WCI) or cognitively impaired but
not demented (CIND) based on neuropsychological assessment. Heart rate variability (HRV) was
assessed under resting conditions, focusing on time-domain parameters (SDNN, rMSSD, and
PNN50). The Trail Making Test Part A (TMT-A) and Part B (TMT-B) were used to evaluate
information processing speed and executive function, respectively. ANCOVA models were applied
to adjust for confounders such as age, sex, and comorbidities. Results: The CIND group exhibited
significantly lower HRV indices (SDNN: p<0.05, d=0.44; rMSSD: p<0.05, d=0.39; pNNb50: p<0.05,
d=0.40), suggesting reduced parasympathetic modulation. Participants with preserved processing
speed and executive function displayed higher HRV values, with pNN50 significantly associated
with processing speed (p=0.04) and SDNN with executive function (p=0.02). ANCOVA confirmed
that these associations remained significant after adjusting for confounders. Conclusions: Reduced
cardiac autonomic modulation, particularly parasympathetic activity, is associated with cognitive
impairment in aging. Lower pNN50 was linked to slower processing speed, while lower SDNN
correlated with impaired executive function, reinforcing the potential of HRV as a biomarker for
neurophysiological alterations in cognition.
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1. Introduction

Cognitive decline is a major concern in the aging population, affecting independence and quality
of life and increasing the risk of dementia and associated comorbidities [1,2]. The mechanisms
underlying cognitive impairment are multifaceted, involving neurodegenerative processes, vascular
dysfunction, and metabolic alterations [3]. Emerging evidence suggests that autonomic nervous
system (ANS) dysfunction — particularly changes in heart rate variability (HRV) — may play a
significant role in cognitive aging [4,5]. HRV, a well-established marker of cardiac autonomic control,
reflects the dynamic balance between sympathetic and parasympathetic activity and has been
associated with brain health and neurodegeneration [6].

Previous research indicates that reduced HRYV is linked to cognitive impairment, including mild
cognitive impairment (MCI) and Alzheimer’s disease [7,8]. Lower parasympathetic activity is often
reflected in a diminished root mean square of successive R-R interval differences (rMSSD) and the
percentage of successive R-R intervals differing by more than 50 milliseconds (pNN50), alterations
that have been documented in individuals with cognitive dysfunction [9]. However, the relationship
between HRV and specific cognitive domains, such as information processing speed and executive
function, remains insufficiently explored, particularly among older adults [10].

Information processing speed and executive function are critical cognitive domains that
typically decline with age and are frequently early indicators of neurodegenerative processes [11].
Processing speed underpins the efficiency of cognitive operations and is integral to higher-order
cognitive functions, while executive function governs decision-making, cognitive flexibility, and
goal-directed behaviors [12]. Slower processing speed and deficits in executive function have been
associated with an elevated risk of cognitive impairment and a reduced quality of life in older adults
[13]. The physiological mechanisms underlying these declines remain poorly understood despite
their clinical relevance. Examining the role of autonomic control, as reflected by HRV, may shed light
on early dysfunction that precedes more severe cognitive impairment. Investigating these
relationships in aging populations can also inform preventive strategies and interventions aimed at
preserving cognitive function.

In this context, understanding the link between HRV and cognitive decline could reveal early
markers of neurodegeneration, potentially guiding preventive and therapeutic approaches [14].
Given the growing burden of cognitive disorders and their profound impact on global health,
studying modifiable physiological correlates — such as HRV —is crucial. Accordingly, this study aims
to examine the relationship between HRV and cognitive performance in older adults, with particular
attention to information processing speed and executive function. Specifically, it will compare HRV
parameters between older adults with and without cognitive impairment, investigate the association
between HRV indices and cognitive performance in these domains, and determine whether
alterations in HRV might serve as an early indicator of cognitive decline in aging populations [15].
By addressing these objectives, this research contributes to the growing body of literature linking
cardiovascular autonomic function and neurocognitive aging, potentially paving the way for novel
interventions to mitigate cognitive decline.

2. Materials and Methods

2.1. Study Design and Participants

This cross-sectional, descriptive, and analytical study was conducted using the translated [16]
and updated [17] version of Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) [18] and the STROBE Statement Guidelines for reporting observational studies [19].

The study was carried out at the outpatient clinic of the Dr. Washington Ant6nio de Barros
Teaching Hospital (HU) from Brazilian Hospital Services Company (EBSERH), affiliated with the
Federal University of Vale do Sao Francisco (UNIVASF), in Petrolina, Brazil. The research adhered to
the ethical principles of the Declaration of Helsinki (1964, revised in 2013) and complied with all
regulatory requirements outlined in Resolutions 466/2012 and 510/2016 of the Brazilian National
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Health Council. The study was approved by the Research Ethics Committee of the School of Medical
Sciences of Pernambuco (CEP-FCM/PE) under Evaluation Report Number 4.389.686 and Certificate
of Presentation for Ethical Appraisal (CAAE) Number 38942320.4.0000.5192. Furthermore, all
participants provided written informed consent by signing the Informed Consent Form (ICF) before
study enrollment.

A total of 105 participants aged 60 years and older were recruited. The sample size was estimated
based on the total elderly population of Petrolina (20,733 individuals), considering a maximum
expected proportion of 50%, a sampling error of 5%, an expected loss of 20%, and a confidence level
of 95% [20].

Participants were included if they were > 60 years old, of either sex, with at least four years of
education, regardless of income level, and residing in Petrolina, Brazil. Exclusion criteria included:
a) Beck Depression Inventory (BDI) score > 18 (Upton, 2013); b) uncorrected motor or sensory deficits
preventing neuropsychological testing; c) recent changes in medication regimen (within four weeks);
d) use of psychotropic medications or beta-blockers; e) use of four or more antihypertensive
medications; f) systolic blood pressure > 180 mmHg or diastolic blood pressure > 110 mmHg; g)
history of angina pectoris, myocardial infarction, invasive cardiovascular procedures, heart
transplant, or pacemaker presence; h) diagnosis of Parkinson's disease; i) history of stroke or transient
ischemic attack; j) untreated hypothyroidism.

Eligible participants were screened using the Mini-Mental State Examination (MMSE) adjusted
for education level [21]. Those identified with potential cognitive impairment were referred for
psychiatric evaluation and subsequently categorized into two groups: without cognitive impairment
(WCI) or cognitively impaired not demented (CIND). Figure 1 shows a flow diagram summarizing
participant eligibility.

m Assessed for Eligibility (n =105)

Excluded (n=4)

» » Recent changes in medication (n=2)
» Use of beta-blockers (n = 2)

Psychiatric Evaluation (n = 101)

Allocation

h 4

Assigned to group Without Cognitive Assigned to group Cognitively Impaired
Impairment - WCI Not Demented - CIND
(n=44) (n=357)
Analyzed in the WCI group (n = 44) Analyzed in the CIND group (n =57)
» Excluded from analysis (n=0) » Excluded from analysis (n =0)
v Subanalysis !
L Information Processing Speed L Information Processing Speed
» Preserved ability (n =6) » Preserved ability (n=27)
» Not prescrved ability (n = 38) » Not preserved ability (n=30)
II. Executive function IL Executive function
» Prescrved ability (n=3) » Preserved ability (n=230)
» Not preserved ability (n=41) » Not preserved ability (n=27)

Figure 1. Flow diagram of data collection and analysis procedures.

2.2. Procedures

The research project was initially presented at the outpatient clinic of HU-UNIVASF and
disseminated through social media platforms to inform and recruit potential participants. Following
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this initial dissemination, informational letters and ICF were distributed to older adults expressing
interest in the study. Those who consented to participate were scheduled for assessment sessions at
the HU-UNIVASF outpatient clinic.

The data collection process was conducted in a quiet, reserved room at HU-UNIVASEF,
exclusively in the morning hours, to minimize the influence of circadian variations. On the day of the
initial assessment, participants completed a structured, interview-based questionnaire designed to
collect data on general health perception, comorbidities, medication use, and socioeconomic
characteristics. Subsequently, cognitive function was assessed using MMSE. Participants exhibiting
potential cognitive impairment were referred to a psychiatric evaluation before attending the second
assessment day.

On the second day of the study, participants were observed for 10 minutes while at rest before
undergoing a series of hemodynamic and autonomic cardiac control assessments. Following this
initial phase, their anthropometric measurements were recorded following the International Society
for the Advancement of Kinanthropometry (ISAK) guidelines [22]. Finally, on the third and final day,
participants underwent a comprehensive functional capacity assessment.

To ensure methodological rigor and the reliability of findings, all assessments strictly adhered
to standardized protocols. Training professionals conducted data collection procedures under control
conditions, ensuring consistency and minimizing potential biases.

2.3. Hemodynamic Parameters and Cardiac Autonomic Function Assessments

The measurement of arterial blood pressure (BP) was conducted following the recommendations
outlined in the Brazilian guidelines of hypertension [23] and the updated Brazilian guidelines for in-
office and out-of-office BP measurement [24]. Three consecutive measures were obtained using an
automated device (HEM-7130, OMRON Healthcare, Inc., Lake Forest, CA, United States of America
[USA]) following a 10-minute rest period to ensure adherence to the most recent standards for
accurate BP assessment. The non-dominant arm was utilized for measurement, and the appropriate
cuffs were employed based on the arm circumference. The mean of the final two measurements was
then calculated to derive a conclusive result.

The HRV assessment was based on R-R interval records collected with a free smartphone
application (Elite HRV LLC, Asheville, NC, USA, release 4.0.2, 2018) for Android via Bluetooth 4.0,
and a wireless transmitter Polar H10 (Polar Electro Oy, Kempele, Finland) positioned on the patient’s
chest [25]. The signals were subsequently transmitted to a computer for subsequent analysis.

Before data collection, volunteers were instructed to abstain from the consumption of alcoholic
and stimulant beverages (sodas, coffee, chocolate milk, green tea, etc.) and the performance of
physically demanding activities on the day of data collection and the day before [26]. They were also
instructed to refrain from talking, moving, coughing, and sleeping during data collection. All subjects
rested for a minimum of 10 minutes in the supine position. Subsequently, the HRV was recorded for
10 minutes while the volunteers were at rest in the supine position, breathing spontaneously. It has
been demonstrated that HRV values obtained from short-term recordings (limited to 10 minutes)
reflect the data obtained from long-term recordings. Moreover, the utilization of short-term
recordings is more practical and has been employed with greater frequency.

All HRV recordings were collected in the morning, and the R-R intervals were exported to the
Kubios HRV program (Kubios Oy, Kuopio, Finland, version 2.2) for analysis through time-domain
and frequency-domain methods. The following parameters were calculated: mean R-R interval,
standard deviation of normal-to-normal (NN) intervals (SDNN), rMSSD, and pNN50. In the
frequency-domain analysis, spectral power was calculated in the physiologically significant range of
0.04 to 0.4 Hz. The low-frequency (LF) component (0.04-0.15 Hz) and the high-frequency (HF)
component (0.15-0.4 Hz) were assessed in both absolute (ms?) and normalized units (nu). The LF and
HF components were considered indicative of sympathetic and parasympathetic autonomic
modulations, respectively. The LF/HF ratio was used as an index of cardiac sympathovagal balance
[27].
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2.4. Anthropometric Measurements

Total body mass (TBM) in kilograms (kg) and height in centimeters (cm) were measured using
a calibrated (NBR ISO/IEC 17025:2005) anthropometric scale (PL-200, Filizola S.A. Pesagem e
Automacao, Sdo Paulo, SP, Brazil), with an accuracy of 0.05 kg and 0.1 cm. Body mass index (BML
kg/m?) was calculated as TBM (kg) divided by the square of height in meters (m?).

2.5. Autonomic Nervous System Dysfunction

The assessment of ANS dysfunction was conducted through the evaluation of neurogenic
orthostatic hypotension (OH), following the definition stipulated in the International Consensus
Statement [28]. The evaluation of OH involved the measurement of BP using the automated device
HEM-7130 (OMRON Healthcare, Inc.) in both supine and standing positions. The supine BP
measurement was obtained as the average of the third measurement taken after a 30-minute rest
period in the supine position. Subsequently, participants were instructed to stand up unassisted, and
BP measurements were recorded at the first, second, and third minute of active standing. During
these assessments, participants were instructed to maintain a state of relaxation, avoiding any
unnecessary movement or muscle contractions that could influence BP regulation. The OH was
defined as a decrease in SBP of at least 20 mmHg and/or a decrease in DBP of at least 10 mmHg within
three minutes following the assumption of an upright position.

2.6. Assessment of Activities of Daily Living and Instrumental Activities of Daily Living

The functional assessment employed the Katz Index of Independence in Activities of Daily
Living [29] and the Lawton Instrumental Activities of Daily Living Scale [30], with the latter adapted
for the Brazilian elderly population [31].

The Katz Index is a tool used to evaluate an individual's level of independence in performing
basic activities of daily living (ADLs). This scale assesses six self-care activities, which are organized
according to a hierarchy of complexity: bathing, dressing, toileting, transferring, continence, and
feeding. Each activity is scored dichotomously as independent (1 point) or dependent (0 points), and
the total score ranges from zero to six points [29]. In this analysis, a score of six points indicates full
independence in all activities, while a score of zero points indicates total dependence on performing
all assessed activities.

In contrast, Lawton Scale is a tool designed to evaluate an individual's capacity to perform
instrumental ADLs (IADLs), which require a higher level of cognitive and physical capability [30].
The Lawton scale adopted in this study was the adapted version for the Brazilian elderly population
[31]. It consists of nine items intended to assess an individual’s capability to perform IADLs. These
include telephone use, shopping, food preparation, housekeeping, laundry, transportation,
managing medications, financial handling, and performing small household repairs or manual tasks.
The scoring system for the scale ranges from 9 to 27 points, with higher scores indicating better
performance. In this study, participants with a score < 14 were classified as dependent for IADLs.

2.7. Assessments of Information Processing Speed and Executive Function

In the evaluation of executive function and information processing speed, the Trail Making Test
(TMT), in its Parts A and B, was employed [32,33]. TMT Part A was used to evaluate information
processing speed, while TMT Part B was designed to assess executive function, particularly cognitive
flexibility.

Each part of the test consists of twenty-five circles, which are distributed across a sheet of paper.
In Part A, the circles are sequentially numbered from 1 to 25, and participants are instructed to draw
lines connecting the numbers in ascending order. In Part B, the circles contain both numbers (1 to 13)
and letters (A to L). Asin Part A, participants must connect the circles in ascending order, alternating
between numbers and letters (1 - A -2 — B — 3 — C, and so on).

Participants were instructed to complete the task as expeditiously as possible without lifting the
pen or pencil from the paper. In the event of an error, the evaluator immediately indicated it and
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allowed the participant to correct it. The time required for error correction was included in the total
task completion time. The test was concluded when the participant successfully completed the
sequence or voluntarily decided to stop [33].

The classification of TMT performance was based on the normative values proposed by
Ashendorf et al.[32]. The cut-off values for preserved ability on the TMT Part A were < 42 seconds for
individuals aged 60 to 74 years and < 51 seconds for individuals aged 75 years or more. For TMT Part
B, the cut-off values were set at 101 seconds for individuals aged 60 to 74 years and 128 seconds for
those aged 75 years and older. Individuals who exceeded these thresholds were designated as having
no preserved ability.

2.8. Statistical Analysis

The data were double-entered and analyzed using the Statistical Package for the Social Sciences
(SPSSInc., Chicago, IL, USA, release 16.0.2, 2007). The normality of continuous variables was assessed
using the Shapiro-Wilk test and Levene’s test was applied to evaluate the homogeneity of variances.
Categorical variables were described as absolute (n) and relative (%) frequencies. Given that most
continuous variables did not meet normality assumptions, they were reported as median (first
quartile — third quartile). For comparisons between WCI and CIND groups, the Mann-Whitney U
test was used for non-parametric data, and the independent t-test was used when parametric
assumptions were satisfied. Additionally, to investigate differences in HRV parameters among older
adults with and without preserved cognitive abilities (based on TMT performance thresholds), a
Kruskal-Wallis test with Dunn’s post hoc test was conducted. To quantify the magnitude of these
group differences, effect sizes (ES) were computed following the guidelines of Erceg-Hurn and
Mirosevich [34] and Grissom [35]. Furthermore, to control potential confounding effects of age, years
of education, and SAH on cardiac autonomic modulation, an Analysis of Covariance (ANCOVA) was
performed separately for each HRV parameter. Adjusted means were estimated for each group, and
the statistical significance of these differences was assessed using F-tests, with partial eta squared
(n%) reported to interpret effect sizes. All p-values and 95% confidence intervals (95%CI) were
calculated and reported exactly. A two-tailed significance level of 5% was adopted for all analyses.

3. Results

3.1. Sample Characteristics

A total of 101 older adults participated in the study, with a mean age of 69.1 + 6.6 years, and
67.3% of the subjects were female. Table 1 summarizes the demographic, clinical, and cognitive
characteristics of the sample according to cognitive status (WCI vs. CIND). The CIND group
exhibited significantly higher age (p < 0.001), lower educational level (p = 0.001), and lower MMSE
scores (p < 0.001) compared to the WCI group. Furthermore, individuals in the CIND group
demonstrated lower performance in ADLs (p < 0.001) and IADLs (p < 0.001), as well as longer times
on information processing speed (p < 0.001) and executive function (p < 0.001). No significant
differences were observed in BMI, obesity prevalence, alcohol or tobacco use, or history of systemic
arterial hypertension.

Table 1. Demographic, clinical, and cognitive characteristics of older adults with (CIND) and without cognitive

impairment (WCI)

Total (n= WCI(n= CIND (n=
Variables 101) 44) 57) p
Mean +SD Mean +SD Mean +=SD

Age, years 69.1 +6.6 66.2 +4.0 714+74 0.001

Female sex, n (%) 68(67.3)  31(70.5)  37(649)  0.556


https://doi.org/10.20944/preprints202503.1200.v1

Schooling, years 83+3.3
anm-Mental State Examination, 241 +40
Total body mass, kg 70.6 +£15.2
Height, cm 157.2+7.6
Body mass index, kg/m? 28.5+5.4
Obesity, n (%) 56 (55.4)
Alcohol use, n (%) 9 (8.9)
Tobacco, n (%) 6 (5.9)
Coronavirus infection, n (%) 23 (22.8)
Systemic arterial hypertension, n 73 (72.3)
(%)

Activities of daily living (ADLs), 51+11
n

Instrumental ADLs, n 23.5+34
Information processing speed, 7184476

seconds

Executive function, seconds

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 March 2025

9.6 +3.1
26.6 +2.3

72.9+15.9
159.9 6.6
28.7 +5.6
26 (59.1)
5 (11.4)
1(2.3)
13 (29.5)

31 (70.5)
6.0+0.1
25.8+0.8

49.7 +18.3

74+3.1
223 +4.1

68.8+14.5
155.8 + 8.0
28.3£5.3
30 (52.6)
4 (7.0
5 (8.8)
10 (17.5)

42 (73.7)
43+1.0
21.7+£3.6

88.8 +55.7

2251 +117.1 147.3+63.2 285.2+114.0

0.001

0.001
0.184
0.033
0.682
0.517
0.447
0.171
0.154

0.719

0.001

0.001

0.001

0.001

WCTI: without cognitive impairment; CIND: cognitively impaired not demented group

3.2. Hemodynamic Parameters

The OH was observed in 39.6% of the total sample (Table 2), with a similar distribution (p =
0.814) between groups (40.9% in WCI vs. 38.6%). No statistically significant differences were found

for resting heart rate (p = 0.378, d =0.18), SBP (p =0.828, d = 0.04), or DBP (p =0.667, d = 0.08).

Table 2. Hemodynamic parameters in older adults with (CIND) and without cognitive impairment (WCI)

Total (n= WCI (n= CIND (n=
Variables 101) 44) 57) d
Mean+SD Mean+SD Mean *SD
Resting heart rate, bpm 644+11.1 655+109 635+11.3 0.378 0.18
Systolic - blood  pressure, /-0 108 11484142 1153+11.9 0.828 0.04
mmHg
Diastolic blood pressure, .0 0 40183  735:78  0.667 0.08
mmHg
hostatic h i
Orthostatic hypotension, n a9 o 15409)  22(386) 0.814 005

(%)

WCI: without cognitive impairment; CIND: cognitively impaired not demented group

3.3. Heart Rate Variability

Significant differences were observed in time-domain HRV indices, with the CIND group
exhibiting lower values than the WCI (Table 3). Specifically, SDNN was significantly lower in CIND
(p <0.05, d = 0.44), indicating a moderate effect size. Similar reductions were found in rMSSD (p <
0.05, d = 0.39) and pNN50 (p < 0.05, d = 0.40), both also suggesting moderate effects. In contrast, no

significant differences emerged in frequency-domain parameters (LF, HF, or LF/HF ratio).
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Table 3. Heart rate variability parameters in older adults with (CIND) and without cognitive impairment (WCI)

Total(n=101) WCI(n=44) CIND (n=57)

Variables 10-30)  (10-3Q) Q-39 P “
Mean R-R interval, 849.3 (742.4— 856.4 (737.6— 833.0 (749.3 — 0.795 0.05
ms 945.1) 954.2) 939.3)
204 (12.0 — 21.2 (14.6 — 15.6 (9.3 —
SDNN, ms 37.0) 415) 28.9) 0.035 0.44
30.7 (21.4 — 32.6 (25.5 — 26.2 (18.0 —
rMSSD, ms 415) 418) 40.6) 0.049 0.39
pNNS50, % 30(2.0—95) 40(25—10.0) 2.5(.0—95) 0.047 0.40
Low frequency 106.0 (56.9—  109.1 (62.8—  100.2 (49.8 — 0515 0.13
(LF), ms? 197.2) 208.0) 165.1)
High frequency 80.4 (36.0 — 87.3 (44.0 — 68.9 (30.8 — 0411 0.16
(HF), ms? 165.8) 180.6) 163.4)
LF/HF ratio, % 1.3(0.7—27) 120.6—24) 14(0.7—2.9) 0547 0.12

WCI: without cognitive impairment; CIND: cognitively impaired not demented group; 1Q: first quartile; 3Q: third quartile;
SDNN: standard deviation of normal-to-normal intervals; rMSSD: root mean square of successive R-R interval differences;
PNNB50: percentage of successive R-R intervals that differ by more than 50 milliseconds (ms); LF: low frequency; HF: high
frequency.

To account for potential confounders, an ANCOVA was performed, adjusting for age, years of
education, and SAH. Separate models were tested for time-domain and frequency-domain HRV
indices. Even after adjustment for covariates, ANCOVA confirmed significant group differences in
SDNN, rMSSD, and pNN50, consistent with the initial Mann-Whitney U test results. SDNN
remained significantly lower in CIND (p = 0.035, n% = 0.044), indicating a moderate effect size. rIMSSD
was also significantly reduced in CIND (p = 0.049, n?% = 0.039), suggesting reduced parasympathetic
activity. pNN50 similarly showed a significant reduction in CIND (p =0.047, n%= 0.04), strengthening
the association between vagal modulation and cognitive function. In contrast, no significant
differences were detected in frequency-domain HRV measures after ANCOVA. Neither LF (p=0.561,
1% = 0.007) nor HF (p =0.751, n% = 0.001) varied significantly between groups, and the LF/HF ratio (p
=0.509, n% = 0.003) also remained unchanged. These findings suggest that reduced time-domain HRV
parameters are associated with cognitive impairment, independent of age, education, and SAH,
whereas spectral measures of autonomic balance do not appear to differ between WCI and CIND
groups.

3.4. Heart Rate Variability and Cognitive Performance

Older adults with WCI and preserved processing speed showed the highest median HRV values
for all time-domain metrics (Figure 2A1-A3). In addition, significant differences emerged among the
groups, particularly for pNN50 (p = 0.04). Dunn’s post hoc test indicated that older adults with WCI
and preserved processing speed had significantly higher pNN50 scores than those with WCI but
without preserved processing speed (Figure 2A3). A similar pattern was observed for executive
function, where older adults with WCI and preserved executive function exhibited higher HRV
medians for all metrics analyzed. Notably, the rMSSD parameter was significantly higher (p < 0.05)
in the WCI group with preserved executive function compared to the CIND group without preserved
executive function (Figure 2B1). Furthermore, older adults with WCI but without preserved executive
function had a statistically lower median SDNN (p < 0.001) than all other groups (Figure 2B2).
Additionally, older adults with WCI demonstrated higher median pNN50 (p < 0.05) than those with
CIND but preserved executive function (Figure 2B3). Finally, Dunn’s post hoc test also confirmed
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that the WCI group without preserved executive function had significantly higher pNN50 scores than
the CIND group without preserved executive function (Figure 2B3).
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Figure 2. Time-domain heart rate variability parameters in older adults with and without cognitive impairment,
grouped by processing speed (Panel A) and executive function (Panel B). Boxes 1, 2, and 3 represent rMSSD,
SDNN, and pNNb50, respectively.

4. Discussion

The present study highlights a robust association between cognitive performance — specifically,
information processing speed and executive function — and cardiac autonomic regulation, as reflected
in time-domain HRV parameters. Older adults with preserved processing speed and executive
function demonstrated higher HRV values, particularly for rMSSD, SDNN, and pNN50, suggesting
a more adaptive parasympathetic modulation. In contrast, those with impaired cognitive
performance exhibited markedly lower HRV indices, reinforcing the potential role of autonomic
function in cognitive health. These findings align with previous research linking diminished HRV to
cognitive deficits [15,36,37] and suggest that parasympathetic activity plays a critical role in
supporting higher-order cognitive processes, including attention, memory, and inhibitory control.
Consequently, HRV may serve as a physiological marker of cognitive resilience in aging populations
[38,39].

The subgroup analyses further elucidate this relationship, demonstrating that older adults with
preserved processing speed exhibited the highest HRV values, whereas those with impaired
performance displayed the lowest. Among the time-domain indices, pNN50 was particularly
sensitive to differences in processing speed, reinforcing the role of parasympathetic modulation in
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rapid cognitive operations. Similarly, executive function impairments were associated with
reductions in SDNN and rMSSD, suggesting that autonomic flexibility may be crucial for tasks
requiring cognitive control, decision-making, and attentional regulation. These findings align with
broader evidence that intact autonomic modulation supports cognitive efficiency and adaptability
[10].

Multiple studies have documented that cognitive impairment is associated with reduced HRV,
particularly in short-term measures of vagal modulation [9,40]. In the present investigation, the clear
reductions in SDNN, rMSSD, and pNN50 among cognitively impaired participants mirror prior
observations demonstrating the sensitivity of these time-domain parameters to cognitive decline [41].
Since SDNN captures overall autonomic influence, its decline in older adults with CIND may reflect
a loss of dynamic control resulting from neurodegenerative processes affecting central autonomic
pathways. The neurovisceral integration model [42] helps illuminate why lower HRV and poorer
cognitive status co-occur, emphasizing how the prefrontal cortex, anterior cingulate cortex, and
insular cortex play integral roles in both higher-order cognition and autonomic regulation.
Deterioration in these brain regions can manifest concurrent deficits in cognitive performance and
HRV, a relationship supported by evidence that cholinergic dysfunction, implicated in
neurodegenerative conditions, contributes to both reduced vagal tone and cognitive impairment
[4,14].

In contrast to these findings in time-domain measures, the study did not reveal significant group
differences in frequency-domain parameters (LF, HF, or LF/HF ratio) between older adults with and
without cognitive impairment. Some prior investigations have found that lower HF power or changes
in LF/HF ratio correlate with cognitive deficits [9,39]. However, the absence of significant differences
here suggests that frequency-domain measures may be less sensitive — or become sensitive only later
in disease progression — than short-term time-domain indices when detecting early or mild cognitive
impairment. It is plausible that time-domain metrics capture more immediate fluctuations in
autonomic tone closely tied to executive control and processing speed, whereas frequency-domain
parameters may reflect more stable or long-term autonomic states [28,43]. Furthermore,
methodological variations, including recording conditions, sample characteristics, and cognitive
tasks employed, have the potential to contribute to the observed discrepancies across different
studies [44].

Several potential mechanisms may explain why reduced HRV often accompanies cognitive
impairment. First, cholinergic dysfunction, commonly observed in Alzheimer’s disease and related
dementias, compromises both parasympathetic regulation and cognitive performance [14,38].
Second, ANS dysfunction has been linked to vascular issues (e.g., arterial stiffness, endothelial
dysfunction) that can limit cerebral blood flow, thereby affecting neural structures responsible for
cognition [44]. Third, chronic low-grade inflammation and oxidative stress can impair both the
autonomic network and cognitive function, establishing a bidirectional relationship that exacerbates
neurodegeneration [45]. Finally, reduced HRV characterizes maladaptive stress responses, including
hyperactivity of the hypothalamic—pituitary—adrenal (HPA) axis, which in turn correlates with
impaired memory and executive functioning [10].

Given its non-invasive nature and relatively simple measurement protocols, HRV shows
promise as a biomarker for identifying older adults at risk of cognitive decline. The current findings
reveal moderate effect sizes (e.g., Cohen’s d around 0.39-0.44, partial eta squared ~0.04) in comparing
cognitively intact and impaired groups, underscoring the practical significance of these differences.
Future applications could involve screening tools that incorporate time-domain HRV indices,
especially pNN50, rMSSD, and SDNN, as early indicators of subtle neurodegenerative processes.
Moreover, incorporating HRV into routine evaluations could catalyze earlier interventions — such as
autonomic biofeedback, vagal nerve stimulation, or mindfulness-based therapies — that bolster
parasympathetic function and potentially mitigate further cognitive decline.

Nonetheless, certain limitations temper the generalizability of this study. Its cross-sectional
design precludes conclusions about causality, leaving open questions about whether reduced HRV
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predicts future cognitive impairment or is simply a concurrent manifestation of degenerative
changes. Additionally, the sample comprised community-dwelling older adults and may not reflect
the broader population of individuals in long-term care facilities or those with more advanced
dementia. While adjustments were made for age, education, and SAH, other factors like physical
activity, sleep quality, medication, or comorbidities might confound HRV measures. Therefore, more
controlled, longitudinal studies are warranted to elucidate the precise temporal relationship between
changes in HRV and subsequent cognitive decline. Finally, employing more expansive
neuropsychological batteries could help discriminate specific cognitive domains linked most strongly
to autonomic dysregulation.

In summary, the present study strengthens the notion that time-domain HRV metrics are lower
in older adults with cognitive impairment, signifying compromised parasympathetic modulation
and reduced autonomic adaptability. The lack of significant differences in frequency-domain
measures suggests that the relationship between autonomic regulation and cognition may manifest
more consistently in short-term HRV fluctuations rather than in spectral components. Taken together,
these findings underscore the potential for HRV to serve as an accessible, informative biomarker for
cognitive health, warranting further research that integrates autonomic measures with
neuroimaging, biochemical markers, and longitudinal designs to uncover the neurophysiological
underpinnings of cognitive aging more comprehensively.

5. Conclusions

This study demonstrates a significant association between cardiac autonomic modulation and
cognitive performance in older adults. Older adults with preserved processing speed and executive
function showed higher time-domain HRV indices (SDNN, rMSSD, and pNNb50), indicative of
enhanced parasympathetic regulation. In contrast, those with cognitive impairment exhibited lower
HRYV, suggesting diminished autonomic flexibility.

The results underscore pNNb50 as a particularly sensitive indicator of executive function, while
SDNN appears closely linked to information processing efficiency. Notably, the absence of significant
frequency-domain differences highlights the relevance of short-term HRV measures in capturing
early cognitive changes. Given the growing interest in autonomic-cognitive interactions,
incorporating HRV assessments into clinical evaluations could improve the identification of at-risk
individuals. Future work should employ longitudinal designs and multimodal approaches to clarify
causal pathways and explore interventions targeting autonomic function as potential strategies to
bolster cognitive resilience.
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ANCOVA Analysis of Covariance

ANS autonomic nervous system

BMI body mass index

BP blood pressure

CIND cognitively impaired not demented

EBSERH  Brazilian Hospital Services Company

HF high frequency

HRV heart rate variability

HU Dr. Washington Antonio de Barros Teaching Hospital
IADLs instrumental activities of daily living

ICF Informed Consent Form

LF low frequency

MCI mild cognitive impairment

MMSE Mini-Mental State Examination

OH orthostatic hypotension

PNN50 percentage of successive R-R intervals that differ by more than 50 milliseconds
rMSSD root mean square of successive R-R interval differences
SDNN standard deviation of normal-to-normal intervals
TBM total body mass

TMT-A Trail Making Test Part A

TMT-B Trail Making Test Part B

UNIVASE Federal University of Vale do Sao Francisco
WCI without cognitive impairment
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