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Objective: Low heart rate variability (HRV), an indicator of autonomic

nervous system dysfunction, has been associated with increased all-cause

and cardiovascular mortality and incident stroke. However, the relationship

between HRV and cerebral small vessel disease (CSVD) showed contradictory

results. We aimed to examine the relationship of HRV and total burden of CSVD

and each of the magnetic resonance imaging (MRI) markers of CSVD.

Methods: We recruited 435 patients who attended our hospital for physical

examination between June 2020 and August 2021. All underwent 24-h

Holter monitoring and MRI scan. The standard deviation of normal-to-normal

intervals (SDNN) was selected as the method for HRV assessment. The

presence of severe white matter hyperintensity, lacunes, and >10 enlarged

basal ganglia perivascular spaces, and cerebral microbleeds were added for

estimating the CSVD score (0–4). Multivariate logistic analyses was performed

to assess whether HRV was independently associated with the burden of CSVD

and each of the MRI markers of CSVD, with and without stratification by

prevalent diabetes.

Results: This study included 435 subjects with a mean age of 64.0 (57.0–70.0)

years; 49.4% of the patients were male, and 122 (28.0%) had a history of

diabetes. In multivariate analyses, lower SDNN was independently associated

with total burden of CSVD and the presence of enlarged perivascular

spaces in all subjects. According to diabetes stratification, lower SDNN was

independently associated with total burden of CSVD and each MRI markers of

CSVD separately only in the diabetic group.

Conclusions: Lower HRV was associated with total burden of CSVD and each

MRI markers of CSVD separately among diabetic patients, but not among

non-diabetic patients.
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Introduction

White matter hyperintensity (WMH), lacunes, enlarged

perivascular spaces (EPVS), and cerebral microbleeds (CMBs)

have all been identified as markers of cerebral small vessel

disease (CSVD) of presumed vascular origin, which are

commonly detected on brain magnetic resonance imaging

(MRI) in the elderly (1). Previous studies have reported

that CSVD is associated with increased risk of cognitive

impairment and physical disability (2). Despite extensive

studies, there are still controversies and lack of knowledge on

pathogenic mechanisms underlying the development of CSVD

(3). Numerous studies have suggested traditional risk factors

for CSVD–most prominently age, sex, hypertension, diabetes

hypercholesterolaemia, and smoking (4). Recent studies have

focused on questing for underappreciated risk factors of CSVD

development and progression to facilitate the development

of prevention and treatment strategies for CSVD. Autonomic

dysfunction is an increasingly recognized non-traditional risk

factor of CSVD. Prior studies have suggested that indicators

of autonomic dysfunction are significantly associated with

the risk of neurological progression in CVSD patients, such

as cognitive decline (5, 6). A community-based longitudinal

study found that higher 24-h systolic coefficient of variation

(CV), diastolic weighted standard deviation (SD), and diastolic

CV were significant predictors of CSVD progression. Another

prospective case-control study showed that 24-h mean systolic

blood pressure (SBP) and nocturnal mean SBP and diastolic

blood pressure (DBP) were significantly correlated with CSVD

(5, 6).

Heart rate variability (HRV) is a commonly used indicator

of autonomic nervous system (ANS) function and has been

widely applied in multiple risk stratification models in patients

with cardiovascular diseases (7). More recently, lower HRV

has been related to higher risk of cerebrovascular diseases,

such as incident stroke and secondary ischemic events (8,

9). The primary mechanisms proposed include the effects of

ANS on cerebral circulation autoregulation, blood pressure and

essential hypertension (10, 11). Previous studies have reported

conflicting results regarding the relationship between HRV and

CSVD. A community-based study showed that higher HRV is

associated withWMH, thereby suggesting that ANS dysfunction

is related to CSVD development (12). However, another study

reported that low nighttime HRV was associated with a greater

CSVD burden (13). These studies mostly focused on WMH

and lacunes, did not investigate the results of CMBs and

Abbreviations: WMH, white matter hyperintensity; EPVS, enlarged

perivascular spaces; CMBs, cerebral microbleeds; CSVD, cerebral small

vessel disease; MRI, magnetic resonance imaging; HRV, heart rate

variability; AHR, average heart rate; ANS, autonomic nervous system;

SDNN, the standard deviation of normal-to-normal intervals.

EPVS (12, 13). There was only one study that provided an

overall measure for the total burden of CSVD (13). From a

clinical perspective, it is important to explore these issues, as

HRV may represent a target for CSVD prevention through

lifestyle changes and medication or that improve or preserve

ANS function.

Moreover, the association between HRV and cardiovascular

and cerebrovascular events and mortality has been shown to

be stronger in people with diabetes (7, 14). Identifying factors

related to the poor cerebrovascular prognosis of diabetic patients

may lead to more effective screening and earlier institution of

primary prevention programs to slow down the development

and progress of cerebrovascular disease in diabetic patients.

Therefore, the purpose of this study was to investigate the

relationship of HRV and total burden of CSVD and each of the

MRI markers of CSVD by stratification of diabetes.

Methods

This was a cross-sectional study conducted in the

Department of Neurology, Tongji Hospital, Tongji Medical

College, Huazhong University of Science and Technology,

China, between June 2020 and August 2021. Patients attended

to the neurological clinic and were electively admitted to

hospital for physical examination because of headache, dizziness

or with the fear of stroke due to the presence of risk factors.

Patients with CSVD were recommended to undergo 24-h Holter

preferentially. Patients were included if they underwent 24-h

Holter monitoring and MRI scan. Patients were excluded if

they were aged < 50 years or had history of heart disease (e.g.,

ischemic heart disease or cardiac diseases such as heart failure,

valvular heart disease, congenital heart disease, or arrhythmias),

stroke, large-vessel cerebrovascular diseases (i.e., extracranial

or intracranial large artery stenosis > 50%), cancer, or other

significant or life-threatening diseases, such as severe nephrosis

or liver diseases.

Collection of clinical characteristics

Basic information of all patients were recorded, including

age, sex, medical history, smoking status, alcohol intake, and

levels of fasting blood glucose, glycosylated hemoglobin A1c

(HbA1c), triglyceride (TG), total cholesterol (TC), high-density

lipoprotein (HDL) cholesterol, and low-density lipoprotein

(LDL) cholesterol. Diabetes mellitus was defined as HbA1c ≥

6.5%, fasting blood glucose readings of >7.0 mmol/L, or a

previous diagnosis of type I or type II diabetes. Hypertension

was defined as having DBP ≥ 90mm Hg, SBP ≥ 140mm

Hg, or taking antihypertensive medication. Hyperlipidemia was

defined by TG ≥ 1.7 mmol/L, TC ≥ 5.2 mmol/L, a previous

diagnosis of hyperlipidemia, or current use of lipid lowering
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FIGURE 1

Flowchart of selection of participants.

drugs. The selection criteria for the patients are presented

in Figure 1.

Heart rate variability

Electrocardiographic recordings were acquired using 24-h

Holter monitoring (DMS 300-4, Holter Reader, Producer DMS,

Nevada, USA). The parameters were automatically recorded by

the Holter and analyzed by Cardioscan 12, HRV Package system.

Time domain measurement, defined as the SD of normal-to-

normal (NN) intervals (SDNN), which characterizes overall

HRV, was selected as the method for HRV assessment.

MRI protocol and assessments

Brain MRI was performed using a 3.0 T scanner (Signa,

GE Healthcare of America, Milwaukee, WI, USA). The

scan protocol included diffusion-weighted, T1-weighted, T2-

weighted, and fluid-attenuated inversion recovery (FLAIR)

sequences. The parameters of conventional MRI sequences are

shown in Supplementary Table S1. The scans were rated by

two radiologists trained in MRI assessments and blinded to

the clinical data. Any disagreements were resolved through

discussion with a third radiologist. Interrater reliability tests

were performed in 50 subjects for each CSVD marker

assessment, and the κ = 0.763–0.895 indicating good reliability.

WMH, lacunes, EPVS, and CMBs were defined as described

previously (15). The Fazekas scale (0–6) was used to rate the

periventricular and deep WMH on the FLAIR sequence (16).

Lacunes were distinguished from EPVS by their size (>3mm),

spheroid shape, location, and surrounding hyperintensity on

FLAIR and T2-weighted imaging (17). EPVS were only counted

in basal ganglia level because in this level they are known to be

closely associated with CSVD (18).

On the CSVD burden scale (0–4), one point was awarded

for each of the following neuroimaging signature: severe WMH

(periventricular WMH Fazekas score 3 or deep WMH Fazekas

score 2 or 3), presence of one or more lacunes,>10 basal ganglia

EPVS on one side of the brain and presence of one or more

CMBs (18).

Statistical analysis

Statistical analysis were performed using SPSS software

version 22.0. For non-normally distributed variables, median
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TABLE 1 Characteristics of the diabetic patients and according to total burden of CSVD.

Total

n = 435

Diabetic patients

n = 122

Non-diabetic patients

n = 313

P-value

Age, years, median (IQR) 64.0 (57.0–70.0) 65.0 (57.8–71.3) 63.0 (57.0–69.0) 0.207

Male sex, n (%) 215 (49.4) 70 (57.4) 145 (46.3) 0.038

Smoking, n (%) 157 (36.1) 58 (47.5) 99 (31.6) 0.002

Alcohol use, n (%) 114 (26.2) 42 (34.4) 72 (23.0) 0.015

Hypertension, n (%) 309 (71.0) 103 (84.4) 206 (65.8) <0.001

Hyperlipidemia, n (%) 160 (36.8) 50 (41.0) 110 (35.1) 0.257

Using of ß-receptor blocker, n (%) 60 (13.8) 14 (11.5) 46 (14.6) 0.381

Using of lipid lowering drugs, n (%) 103 (23.7) 39 (32.0) 64 (20.4) 0.011

SBP, mm Hg, median (IQR) 133.0 (125.0–143.0) 140.0 (128.0–149.0) 132.0 (124.0–141.0) 0.001

DBP, mm Hg, median (IQR) 79.0 (73.0–85.0) 78.0 (73.0–83.0) 79.0 (72.0–85.0) 0.782

Glucose, mmol/L, median (IQR) 5.8 (5.5–6.2) 6.8 (6.3–7.6) 5.7 (5.5–5.9) <0.001

HbA1c level, %, median (IQR) 5.2 (4.8–5.7) 6.2 (5.3–7.5) 5.0 (4.7–5.4) <0.001

TC, mmol/L, median (IQR) 3.8 (3.1–4.5) 3.7 (2.9–4.4) 3.9 (3.2–4.6) 0.063

TG, mmol/L, median (IQR) 1.2 (0.9–1.7) 1.3 (1.0–1.9) 1.1 (0.8–1.6) 0.004

HDL, mmol/L, median (IQR) 1.1 (0.9–1.3) 1.0 (0.9–1.2) 1.1 (0.9–1.3) 0.001

LDL, mmol/L, median (IQR) 2.3 (1.7–2.3) 2.2 (1.5–2.8) 2.4 (1.8–3.0) 0.070

CSVDmarkers

Presence of severe WMH, n (%) 288 (66.2) 78 (63.9) 210 (67.1) 0.532

Presence of Lacunes, n (%) 256 (58.9) 79 (64.8) 177 (56.5) 0.118

Presence of EPVS, n (%) 273 (62.8) 90 (73.8) 183 (58.5) 0.003

Presence of CMBs, n (%) 133 (30.2) 45 (36.9) 88 (28.1) 0.075

CSVD score, median (IQR) 2 (1–3) 3 (2–3) 2 (1–3) 0.021

HR levels, times/min, median (IQR) 72.0 (62.0–82.0) 76.0 (65.0–87) 69.0 (62.0–76) 0.002

SDNN, ms, median (IQR) 112.0 (94.0–131.0) 107.5 (88.8–120.3) 115.0 (98.0–134.0) <0.001

SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein; LDL, low-density lipoprotein; HAb1c, hemoglobin A1c;

WMH, white matter hyperintensity; EPVS, enlarged perivascular spaces; CMBs, cerebral microbleeds; SDNN, SD of normal-to-normal intervals.

value and quartiles (Q1–Q3) are presented. Categorical variables

are presented as numbers and percentages. The normality of

data was checked using one-sample Kolmogorov-Smirnov test.

Differences between groups were determined using the Mann-

Whitney U-test, the Kruskal-Wallis test, or the χ
2-test where

appropriate. The generalized linear model (GLM) was used

to test the correlation of HRV with CSVD score. Thereafter,

we performed ordinal logistic regression analyses and binary

logistic regression analyses (forward LR), respectively, to

determine whether the HRV was independently associated with

the total burden of CSVD and each CSVD MRI markers.

Demographic and confounding factors were adjusted in the

model as follows: the model 1 was adjusted for age and

sex; and the model 2 was adjusted for age, sex, current

smoking, alcohol use, history of hypertension, using of ß-

receptor blocker, using of lipid lowering drugs, SBP, HbA1c,

LDL, and HR levels. There was no multicollinearity among

variables in adjusted models. P-value < 0.05 was considered

statistically significant.

Results

Demographic and clinical characteristics

Among 558 patients admitted for physical examination, 435

fulfilled the selection criteria (Figure 1). Table 1 presents the

demographic and clinical characteristics of the study population.

The average age of the patients was 64.0 (57.0–70.0) years,

49.4% of the patients were male, and 309 (71.0%), 122 (28.0 %),

and 160 (36.8%) had a history of hypertension, diabetes, and

hyperlipidemia, respectively. Severe WMH, lacunes, EPVS, and

CMBs were present in 288 (66.2%), 256 (58.9%), 273 (62.8%),

and 133 (30.2%) patients, respectively. The overall median of

SDNN for was 112.0 (94.0–132.0) ms. All included subjects

were divided into two groups based on diabetic status. Diabetic

group accounts for 28.0% of all involved subjects. Diabetic group

presented with higher frequencies of male, smoking, alcohol use,

hypertension, using of lipid lowering drugs, and presence of

CMBs than the non-diabetic group. Diabetic group had higher
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FIGURE 2

HRV values of the patients according to diabetic status and total burden of CSVD. In all subjects and the diabetic group, there was statistical

di�erence in SDNN among the five subgroups but no di�erence was found in the non-diabetic group [(A–C); p < 0.001; p < 0.001; p = 0.218,

respectively]. GLM indicated that SDNN was negatively correlated with the total CSVD burden in all subjects with di�erent diabetic status. [(A–C);

β = −0.198, 95% CI = −0.264 to −0.092, p = 0.001; β = −0.216, 95% CI = −0.351 to −0.045, p = 0.001; β = −0.122, 95% CI = −0.236 to −0.058,

p = 0.036, respectively]. Boxplot elements: center line represents the median, box bounds represent the 25th and 75th percentile, and whiskers

represent minimum and maximum, respectively. SDNN, SD of normal-to-normal intervals.

levels of SBP, glucose, HbA1c, TG, and CSVD score, but lower

levels of HDL and SDNN. There was no statistically significant

difference in other characteristics. Each group was divided into

five subgroups according to the total CSVD burden and their

characteristics are presented in Supplementary Tables S2–S4,

respectively. Age, the prevalence of hypertension, and the

presence of each CSVD MRI marker increased with increasing

CSVD score in three groups. In all subjects and the non-diabetic

group, there were statistical differences in frequencies of using of

ß-receptor blocker among different CSVD burden subgroups.

Association between HRV and total
burden of CSVD

Figure 2 showed HRV values of the patients with different

total burden of CSVD according to the stratification of diabetes.

We found that there was statistical difference in SDNN among

the five subgroups of all subjects, which decreased as the

burden of CSVD increased. GLM also indicated that SDNN was

negatively correlated with the total CSVD burden in all subjects

(β=−0.198, 95%CI=−0.264 to−0.092, p= 0.001, Figure 2A).

According to diabetes stratification, SDNN was significantly

different among the five subgroups of the diabetic group, but

not in the non-diabetic group. GLM indicated that SDNN was

negatively correlated with the total burden of CSVD in the two

groups (Figures 2B,C; β =−0.216, 95% CI=−0.351 to−0.045,

p = 0.001; β = −0.122, 95% CI = −0.236 to −0.058, p =

0.036, respectively).

Table 2 presented the results from the mulitivariate ordinal

logistic regression models. After adjustment for age and sex,

SDNN was significantly associated with total CSVD burden

TABLE 2 HRV in relation to the total burden of CSVD according to

diabetic status stratification.

Mulitivariate analyses

Variables Model 1 Model 2

aOR

(95% CI)

P-value aOR

(95% CI)

P-value

All subjects

CSVD score 0.983

(0.969–0.994)

0.001 0.968

(0.945–0.995)

0.002

Diabetic patients

CSVD score 0.959

(0.947–0.980)

<0.001 0.955

(0.948–0.982)

0.001

Non-diabetic patients

CSVD score 0.990

(0.982–1.002)

0.487 0.967

(0.965–0.992)

0.465

Model 1: adjusted for age and sex.

Model 2: adjusted for age, sex, current smoking, alcohol use, history of hypertension,

using of ß-receptor blocker, using of lipid lowering drugs, SBP, HbA1c, LDL, and HR

levels.

WMH, white matter hyperintensity; EPVS, enlarged perivascular spaces; CMBs, cerebral

microbleeds; SBP, systolic blood pressure; HAb1c, hemoglobin A1c; LDL, low-density

lipoprotein.

[adjusted odds ratio (aOR) = 0.983; 95% confidence interval

(CI) = 0.969–0.994, p = 0.001] in all subjects. This association

remained significant when we additionally adjusted for current

smoking, alcohol use, history of hypertension, using of ß-

receptor blocker, using of lipid lowering drugs, SBP, HbA1c, LDL

and HR levels (aOR= 0.968; 95% CI= 0.945–0.995, p= 0.006).

According to diabetes stratification, SDNN was independently
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TABLE 3 HRV in relation to di�erent CSVD markers according to diabetic status stratification.

Univariate analyses Mulitivariate analyses

Variables Model 1 Model 2

OR (95% CI) P-value aOR (95% CI) P-value aOR (95% CI) P-value

All subjects

Severe WMH 0.991 (0.984–0.998) 0.013 0.981 (0.944–0.989) 0.173 0.942 (0.932–0.969) 0.214

Lacunes 0.992 (0.986–0.999) 0.025 0.983 (0.966–0.979) 0.189 0.953 (0.934–0.976) 0.343

EPVS 0.985 (0.978–0.992) <0.001 0.979 (0.962–0.989) 0.003 0.977 (0.950–0.989) 0.010

CMBs 0.989 (0.982–0.997) 0.004 0.968 (0.976–0.983) 0.082 0.967 (0.961–0.982) 0.132

Diabetic patients

Severe WMH 0.976 (0.959–0.993) 0.005 0.988 (0.976–0.998) 0.005 0.955 (0.944–0.993) 0.015

Lacunes 0.970 (0.953–0.988) 0.001 0.965 (0.945–0.987) 0.014 0.966 (0.952–0.996) 0.021

EPVS 0.962 (0.942–0.983) <0.001 0.976 (0.964–0.982) 0.006 0.962 (0.946–0.986) 0.013

CMBs 0.971 (0.954–0.988) 0.001 0.979 (0.958–0.987) 0.008 0.967 (0.950–0.987) 0.011

Non-diabetic patients

Severe WMH 0.994 (0.986–1.002) 0.124 0.973 (0.967–0.992) 0.381 0.963 (0.955–0.984) 0.435

Lacunes 0.998 (0.991–1.006) 0.608 0.975 (0.969–0.995) 0.645 0.962 (0.946–0.981) 0.638

EPVS 0.990 (0.983–0.998) 0.012 0.968 (0.953–0.980) 0.176 0.964 (0.956–0.987) 0.425

CMBs 0.995 (0.987–1.004) 0.270 0.970 (0.978–0.999) 0.462 0.963 (0.957–0.989) 0.466

Model 1: adjusted for age and sex.

Model 2: adjusted for age, sex, current smoking, alcohol use, history of hypertension, using of ß-receptor blocker, using of lipid lowering drugs, SBP, HbA1c, LDL, and HR levels.

WMH, white matter hyperintensity; EPVS, enlarged perivascular spaces; CMBs, cerebral microbleeds; SBP, systolic blood pressure; HAb1c, hemoglobin A1c; LDL, low-density lipoprotein.

associated with total CSVD burden (aOR = 0.955; 95% CI =

0.948–0.982, p = 0.003) in diabetic group after adjusting for

confounding factors included in the model 2. There was no

association between SDNN with total CSVD burden in non-

diabetic group.

Association between HRV and di�erent
MRI markers of CSVD

Binary logistic regression models were used to assess

association between SDNN and differentMRImarkers of CSVD.

As shown in Table 3, for all subjects, univariate logistic analyses

showed that SDNN was related to each MRI markers of

CSVD separately. Mulitivariate logistic analyses demonstrated

that SDNN was only independently related to the presence

of EPVS (aOR = 0.977; 95% CI = 0.950–0.989, p = 0.010).

According to diabetes stratification, univariate logistic analyses

indicated that SDNN was associated with each MRI markers

of CSVD separately in diabetic group. But in the non-diabetic

group, SDNN was only associated with the presence of EPVS.

Subsequently, in the mulitivariate logistic regression models,

SDNN was significantly associated with each MRI markers of

CSVD separately in diabetic group after adjustment for age and

sex. After additional adjustment for vascular risk factors, SDNN

was still related to each MRI markers of CSVD separately in

diabetic group (severe WMH: aOR = 0.955; 95% CI = 0.944–

0.993, p = 0.015; lacunes: aOR = 0.966; 95% CI = 0.952–0.996,

p = 0.021 EPVS: aOR = 0.962; 95% CI = 0.946–0.986, p =

0.011; CMBs: aOR = 0.967; 95% CI = 0.950–0.987, p = 0.018).

However, we found no independent association between SDNN

and any MRI markers of CSVD in non-diabetic group.

Discussion

In this cross-sectional study, we investigated the relationship

of HRV and total burden of CSVD and each of the MRI markers

of CSVD in inpatients who underwent physical examinations

in our hospital. We found that after controlling for several

confounders, lower HRV was independently associated with

total burden of CSVD and the presence of EPVS in all

subjects. According to the stratification by diabetes mellitus

status, we found that lower HRV was independently associated

with an increasing total burden of CSVD and each MRI

markers of CSVD separately in diabetic group, but not in non-

diabetic group.

HRV quantifies the R-R interval fluctuations during the

sinus rhythm, which reflects the dynamic relationship between

the sympathetic and parasympathetic nervous systems (19).

A lower HRV is associated with increased parasympathetic

(or decreased sympathetic) activity, occurrence of multiple

cardiovascular and cerebrovascular events, and increased
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all-cause mortality, especially among diabetic patients (7,

14). However, the results of previous studies regarding the

associations of HRV and CSVD are conflicting. Consistent with

our findings, a community-dwelling study showed that low

HRV was related to a greater CSVD burden (13). A prospective

study reported that increased HRV was associated with CSVD

progression (WMH or lacunes) (12), whereas some others failed

to identify an association between HRV and CSVD (20). The

inconsistency between these results may be due to the differences

in experimental designs in these studies. In studies suggesting

a positive correlation between high HRV and risk of CSVD

progression, ambulatory blood pressure monitoring was used

to estimate HRV, which may be affected by intermittent cuff

inflation (20). In addition, these studies did not provide the

results of CMBs and EPVS. We expanded on the previous work

by using HRV measure derived from 24-h Holter monitoring

and assessing the association between HRV and total burden of

CSVD and each of the MRI markers of CSVD, and by evaluating

potential effect modification by diabetes status.

Diabetes increases risk of cardiovascular and

cerebrovascular complications. In our study, we found

that the vascular risk factors and comorbidity profiles of

diabetic patients were higher than non-diabetic, which has

been demonstrated in previous studies (21). Diabetic patients

had a higher value of SDNN than non-diabetic patients,

which is consistent with previous reports suggesting that ANS

dysfunction is highly prevalent in patients with diabetes (22, 23).

Moreover, our results are consistent with previous findings in

The Atherosclerosis Risk in Communities (ARIC). Study in

which diabetes was found to be an effect modifier (8): lower

HRV was associated with total burden of CSVD and each of

the MRI markers of CSVD separately among diabetic patients;

no association was observed among non-diabetic patients. A

plausible explanation for theses findings is that the previously

reported relationship between low HRV and increased risk of

CSVD progression may reflect the average findings for patients

with and without diabetes (13).

From an etiological perspective, our findings suggest

that ANS dysfunction contributes to the increased CSVD

burden among diabetic patients. These markers are different

imaging manifestations of CSVD but often coexist, indicating

a potential shared pathological mechanism. We propose

several possible explanations for the relationship between ANS

dysfunction and CSVD. First, ANS controls the dynamic

cerebral circulation, which plays a critical role in beat-to-

beat cerebral blood flow regulation in humans (10, 11). ANS

dysfunction causes cerebral circulatory dysregulation, especially

cerebral blood flow reduction and cerebral hypoperfusion.

In addition, ANS dysfunction has pro-atherogenic effects

on the vascular function by promoting vasoconstriction,

endothelial dysfunction, and oxidative stress (24). Thus,

chronic hypoperfusion and arteriosclerosis due to ANS

dysfunction may lead to the development of CSVD. Second,

the association between HRV and CSVD may be mediated

through hypertension. Sympathetic overactivity was strongly

related to blood pressure regulation and onset and progression

of hypertension (25). Increased ambulatory blood pressure

variability was associated with resistant hypertension and

CSVD progression (5, 26). Therefore, we retained blood

pressure as covariates in our models to address any potential

confounding effects of blood pressure on the relationship

between HRV and CSVD. Finally, HRV is also associated

with age, sex, smoking status, alcohol use, lifestyle factors,

and other cerebrovascular factors, which together contribute

to CSVD-related brain damage (27, 28). Although we did not

find an association between low HRV and CSVD among non-

diabetic patients, HRV values were lower in patients with higher

burden of CSVD, irrespective of the presence or absence of

diabetes. Therefore, low HRV may be an early indicator of

impaired health and autonomic dysfunction should be treated

by long-term glycemic control, smoking cessation, balanced

diet, and exercise to reduce the CSVD risk, especially among

diabetic patients.

The present study had several limitations. First, this

is a single-center observational study with selection bias.

Second, due to the limitations of cross-sectional analysis,

we were unable to provide evidence for causality. Hence,

further prospective longitudinal confirmation is required. Third,

we did not account for the influences of antihypertensive

agents on HRV, which may affect the relationships of HRV

with CSVD. For example, ß-receptor blocker can affect

ANS function by inhibiting sympathetic nerve. Our findings

should be validated in prospective experiments with larger

sample sizes.

Conclusion

In conclusion, lower HRV was associated with total burden

of CSVD and each of the MRI markers of CSVD separately in

diabetic patients. Further longitudinal studies are warranted and

additional exploration of the etiology of ANS dysfunction and

CSVD in diabetic patients.
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