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ABSTRACT Objective: To investigate the relationship between time domain and frequency domain parameters of heart rate
variability (HRV) and the risk of carotid atherosclerosis (CAS) in type 2 diabetes mellitus. Methods: According to inclusion and
exclusion criteria, clinical data of 377 patients with type 2 diabetes mellitus who were hospitalized in the Department of Endocrinology
and Metabolism, Ninth People's Hospital Affiliated to Medical College of Shanghai Jiaotong University from July 2019 to August 2021
were collected. And HRV time domain parameters [Sandard deviation of R-R interval (SDNN), root mean square of the difference of
adjacent R-R interval (RMSSD), the percentage of pairs of R-R intervals with >50 ms difference (PNNS50)] and frequency domain
parameters [low frequency (LF), high frequency (HF), LF/HF, total power (TP)] was recorded by 3-minute electrocardiogram. The
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patients were divided into non CAS group and CAS group according to whether carotid artery ultrasound found plaque formation or not,
and analyzed the relationship between CAS and HRV parameters. Results: Compared with the non-CAS group, age, cardiovascular
disease, body mass index (BMI), glycosylated hemoglobin Alc (HbA1C), and triglyceride (TG) levels were higher, while diastolic blood
pressure (DBP) and fasting blood glucose (FPG) were lower in the CAS group, and the difference was statistically significant (P<0.05).
Most HRV parameters in the CAS group were lower than those in the non CAS group, including SDNN, RMSSD, PNN50, LF, LF/HF,
TP, and the differences were statistically significant (P<0.05 or P<0.01). SDNN was negatively correlated with age, course of disease,
cardiovascular disease, and drinking (P<0.05 or P<0.01); RMSSD was negatively correlated with course of disease and drinking (P<0.05
or P<0.01); PNN50 was negatively correlated with course of disease (P<0.05); LF was negatively correlated with age, disease course,and
cardiovascular disease, and positively correlated with DBP and low-density lipoprotein (LDL) (P<0.05 or P<0.01); HF was negatively
correlated with age, disease course, and positively correlated with LDL (P<0.05 or P<0.01); LF/HF was negatively correlated with age,
cardiovascular disease, and TG (P<0.05 or P<0.01); TP was negatively correlated with age, disease course, and cardiovascular disease,
and positively correlated with DBP and LDL (P<0.05 or P<0.01). After adjusting for some possible confounding factors using
multivariate logistic regression, decreased SDNN, RMSSD, LF, LF/HF, and TP were still associated with an increased risk of CAS (all
P<0.05). After further stratification by HbA1C (<7.0%, >7.0%), the reduction of SDNN, RMSSD, LF, and TP in the HbA1C>7.0%
group was associated with an increased risk of CAS (P<0.05), while in the group with HbA1C< 7.0% group, only RMSSD and PNN50
were statistically significant (P<0.05). Conclusions: In patients with type 2 diabetes, lower HRV parameters SDNN, RMSSD, LF and TP
were associated with a higher risk of CAS, and patients with HbA1C>7.0% had more HRV parameters (SDNN, RMSSD, LF and TP)

associated with CAS.
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Table 1 Comparison of clinical characteristics and HRV parameters between non CAS group and CAS group

Variables Non-CAS group(n=135) CAS group(n=242) t/U/y? P
Age (years) 62 (54-68) 64 (57-70) 2.110 0.035
Male/Female 79/56 133/109 0.446 0.504
Duration (years) 7 (4-12) 10 (3-15) 1.407 0.159
Cardiovascular disease 11 (8.1) 72 (29.8) 23.558 0.000
Smoking 34 (25.2) 64 (26.4) 0.072 0.789
Drinking 16 (11.9) 45 (18.6) 2.905 0.088
BMI (kg/m?) 25.0 (23.1-26.7) 25.6 (23.3-27.7) 2,017 0.044
SBP (mmHg) 132 (124-143) 133 (122-144) 0.124 0.901
DBP (mmHg) 79.7£9.8 76.3+10.6 3.009 0.003
HbA1C (%) 8.0 (7.1-9.8) 8.4 (7.2-10.4) 2.069 0.038
FPG (mmol/L) 8.5(6.5-10.7) 7.6 (5.8-9.8) 2.704 0.007
TC (mmol/L) 5.1 (4.3-5.6) 4.9 (4.0-5.7) 0.783 0.433
TG (mmol/L) 1.7 (1.2-2.4) 1.8 (1.2-3.5) 2.079 0.037
HDL (mmol/L) 1.1 (1.0-1.3) 1.2 (1.0-1.3) 1.803 0.071
LDL (mmol/L) 3.3+0.8 3.2+1.0 0.997 0.589
HRYV parameters
Time domain
SDNN (ms) 19.4 (15.4-27.5) 17.3 (11.6-22.5 3.634 0.000
RMSSD (ms) 13.3 (8.5-20.2) 11.1(7.4-15.7) 2.926 0.003
PNNS50 (%) 0.4 (0-1.1) 0.2 (0-0.4) 2.264 0.024
Frequency domain
LF (ms?) 1.8(0.7-4.2) 1.0 (0.4-2.0) 3.607 0.000
HF (ms?) 0.9 (0.4-1.9) 0.8 (0.3-1.6) 1.650 0.099
LF/HF 1.9 (0.8-3.9) 1.3 (0.5-3.4) 3.181 0.014
TP (ms?) 11.3 (6.1-18.8) 6.9 (3.8-12.5) 3.845 0.000
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Table 2 Correlation between HRV parameters and clinical data in patients with type 2 diabetes mellitus(r value)

Variables SDNN RMSSD PNNS50 LF HF LF/HF TP
Age (years) -0.204° -0.074 -0.062 -0.224° -0.108* -0.122* -0.258°
Male/Female -0.029 0.004 -0.097 -0.091 0.025 -0.093 -0.072
Duration (years) -0.213% -0.134° -0.114* -0.216° -0.119* -0.086 -0.225°

Cardiovascular

disease -0.171° -0.052 -0.044 -0.176° -0.024 -0.149° -0.195°
Smoking -0.093 -0.071 0.036 -0.008 0.005 -0.025 0.037
Drinking -0.124* -0.106* -0.015 -0.059 -0.074 0.007 -0.096
BMI (kg/m?) -0.088 -0.055 -0.067 -0.038 0.024 -0.072 -0.041
SBP (mmHg) -0.067 -0.028 0.018 -0.003 -0.003 0.004 -0.001
DBP (mmHg) 0.049 -0.032 0.009 0.140° 0.075 0.067 0.212°
HbAI1C (%) -0.093 -0.058 -0.023 -0.011 0.032 -0.017 -0.039
FPG (mmol/L) -0.049 -0.012 -0.015 0.053 0.097 -0.040 0.060
TC (mmol/L) -0.017 -0.006 -0.081 0.095 0.063 0.035 0.084
TG (mmol/L) -0.066 -0.023 0.012 -0.052 0.100 -0.105* -0.001
HDL (mmol/L) 0.005 0.045 -0.008 0.021 0.024 -0.010 0.002
LDL (mmol/L) 0.092 0.080 0.010 0.170° 0.134° 0.055 0.181°

Note: *P<<0.05, °P<<0.01.
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Fig.2 Logistic regression analysis of HRV parameters and CAS in patients
with type 2 diabetes mellitus after stratification by HbA1C>7.0%
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Fig.3 Logistic regression analysis of HRV parameters and CAS in patients

with type 2 diabetes mellitus after stratification by HbA1C<s  7.0%
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