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Supplementary Table 1. Characteristics of the final study population and of those excluded due to 
missing values 
 

 

Characteristic 

Final study 

population 

n=2,107 

Missing in 

study 

population 

Excluded due to 

missing values 

n=1,344 

Missing due 

to excluded 

values 

P value

Demographics      

Age, years 59.7  8.2 0 59.9  8.4 0 0.334

Men 1,081 (51.3%) 0 694 (51.6%) 0 0.851

Education level  0   0.003

Low 665 (31.6%)  470 (37.0%)   

Intermediate 603 (28.6%)  351 (27.6%)   

High 839 (39.8%)  449 (35.4%)   

Lifestyle variables      

Smoking behavior  0  50 0.011

Never 733 (39.4%)  439 (33.9%)   

Former 1,112 (52.8%)  647 (50.0%)   

Current 262 (12.4%)  208 (16.1%)   

Alcohol consumption  0  48 0.349

None 384 (13.9%)  252 (19.4%)   

Low 1,162 (55.1%)  726 (56.0%)   

High 561 (16.5%)  318 (24.5%)   

Physical activity, hours/week 14.4  8.2 0 13.6  7.9 439 0.009

Stepping time, min/day 121.1  42.0 497 115.6  41.4 312 0.001

Clinical characteristics      

Body mass index, kg/m2 27.0  4.5 0 27.3  4.7 3 0.036

Waist circumference, cm 95.5  13.5 2 96.6  14.2 2 0.026

History of cardiovascular disease 341 (16.2%) 0 227 (17.8%) 67 0.23 

eGFR, ml/min/1.73m2 88.3  14.7 0 87.9  15.3 33 0.505

Glucose metabolism status  0  41 <0.001

Normal glucose 

metabolism 
1226 (58.2%) 

 698 (53.6%)   

Prediabetes 331 (15.7%)  180 (13.8%)   

Type 2 diabetes 550 (26.1%)  425 (32.6%)   

Fasting plasma glucose, mmol/l 6.0  1.7 2 6.3  1.9 2 <0.001

2h postload glucose, mmol/l 7.8  4.2 125 8.0  4.3 176 0.161

HbA1C, % 5.9  0.9 5 6.0  1.0 8 <0.001

HbA1C, mmol/mol 40.6  9.5 5 42.6  11.3 8 <0.001
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Plasma insulin, pmol/L 77.5  63.4 14 77.3  62.1 41 0.938

HOMA2-IR, AU 1.71  1.13 101 1.78  1.18 132 0.064

Matsuda index  4.00  2.67 257 3.90  2.71 266 0.340

Office systolic blood pressure, 

mmHg 
135.0  18.0 

0 135.2  18.5 2 0.742

Office diastolic blood pressure, 

mmHg 
76.5  9.8 

0 75.7  9.9 2 0.021

Office heart rate, bpm 67.7  10.9 3 68.6  11.2 4 0.022

24-hour systolic blood pressure, 

mmHg 
119.0  11.5 

163 119.9  12.3 261 0.041

24-hour diastolic blood pressure, 

mmHg 
74.0  7.2 

163 73.8  7.1 261 0.506

Total-to-HDL cholesterol ratio 3.7  1.2 0 3.6  1.2 4 0.149

Total cholesterol, mmol/l 5.3  1.2 0 5.2  1.2 4 0.008

HDL cholesterol, mmol/l 1.5  0.5 0 1.5  0.5 4 0.637

LDL cholesterol, mmol/l 3.1  1.0 0 3.0  1.0 4 0.003

Triglycerides, mmol/l 1.2 [0.9 – 1.7] 0 1.2 [0.9 – 1.7] 4 0.990

Use of lipid-modifying medication 722 (34.3%) 0 537 (40.0%) 0 0.001

Use of antihypertensive 

medication 
810 (38.4%) 

0 582 (43.3%) 0 0.005

Beta-blockers 371 (17.6%) 0 278 (20.7%) 0 0.024

Diuretics 333 (15.8%) 0 244 (18.2%) 0 0.071

Calcium antagonists 186 (8.8%) 0 140 (10.4%) 0 0.120

 ACE inhibitors 243(11.5%) 0 184 (13.7%) 0 0.061

Angiotensin II inhibitors 353 (16.8%) 0 268 (19.9%) 0 0.017

Use of glucose-lowering 

medication 
418 (19.8%) 

0 389 (28.9%) 0 <0.001

Insulin 101 (4.8%) 0 156 (11.6%) 0 <0.001

Metformin 372 (17.7%) 0 310 (23.1%) 0 <0.001

Sulfonylureas 114 (5.4%) 0 84 (6.3%) 0 <0.001

Thiazolidinediones 5 (0.2%) 0 8 (0.6%) 0 <0.001

GLP-1 analogs 4 (0.2%) 0 5 (0.4%) 0 0.306

DPP-4 inhibitors 33 (1.6%) 0 26 (1.9%) 0 0.416

Heart rate variability      

Time domain *      

Composite score, SD -0.01  0.94 0 0.06  1.22 868 0.248

SDNN, ms 134.0  38.0 0 130.4  37.8 868 0.064

SDANN, ms 120.9  36.3 0 116.5  37.4 868 0.017
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RMSSD, ms 28.9  14.7 0 33.4  27.5 868 <0.001

SDNN index, ms 53.3  17.2 0 54.3  22.5 868 0.374

SDSD, ms 26.1  15.3 0 25.9  15.5 868 0.834

NN50, count 
5712 [2596 – 

11261] 

0 5545 [2487 – 

10942] 

868 0.661

pNN50, % 6.0 [2.6 – 12.4] 0 6.5 [2.6 – 12.1] 868 0.448

Frequency domain †      

Composite score, SD -0.01  0.97 0 0.03  1.15 868 0.487

Total power, ms2 
11357 [7668 – 

16222] 

0 10573 [7223 – 

15248] 

868 0.096

ULF, ms2 
9523 [6289 – 

13890] 

0 8716 [5613 – 

12803] 

868 0.016

VLF, ms2 
1052 [702 – 

1545] 

0 1009 [693 – 1534] 868 0.532

LF, ms2 339 [204 – 583] 0 331 [178 – 563] 868 0.194

HF, ms2 83 [46 – 147] 0 84 [45 – 144] 868 0.988

LF/HF 4.7  2.5 0 4.6  2.7 868 0.736

 

Data are reported as mean ± standard deviation (SD) or median [interquartile range] or number (percentage).  
* For time domain measures: SDNN, standard deviation of all NN intervals; SDANN, standard deviation of the 
averages of NN intervals in all 5 min segments of the entire recording; RMSSD, the square root of the mean of the 
sum of the squares of differences between adjacent NN intervals; SDNN index, mean of the standard deviations of 
all NN intervals for all 5 min segments of the entire recording; SDSD, standard deviation of differences between 
adjacent NN intervals; NN50, number of pairs of adjacent NN intervals differing by more than 50 ms in the entire 
recording; pNN50, NN50 count divided by the total number of all NN intervals.  
† For frequency domain measures: total power, variance of all NN intervals (≤ 0.4 Hz). ULF, power in the 
ultralow frequency range (<0.003 Hz); VLF, power in the very low frequency range (0.003-0.04 Hz); LF, power 
in the low frequency range (0.04-0.15 Hz); HF, power in the high frequency range (0.15-0.4 Hz); LF/HF, low 
frequency to high frequency ratio.  
Abbreviations: eGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin; GLP, glucagon-like 
peptide; DPP, dipeptidyl peptidase 
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Supplementary Table 2. Additional clinical characteristics of the study population according to 
glucose metabolism status 
 

 

Characteristic 

Normal glucose 

metabolism 

n=1,226 

Prediabetes 

n=331 

Type 2 diabetes 

n=550 

Clinical characteristics    

Waist circumference, cm * 90.5  11.1 98.1  12.2 105.2  13.6 

Plasma insulin, pmol/L * 61.0  34.9 85.8  54.2 109.6  96.6 

HOMA2-IR, AU * 1.35  0.73 1.93  1.15 2.39  1.48 

Matsuda index * 4.83  2.74 2.92  1.96 2.41  1.79 

Stepping time, min/day * 128.8  40.1 122.9  41.6 103.8  41.2 

24-hour systolic blood pressure, mmHg * 117.1  10.9 120.7  11.8 122.0  11.8 

24-hour diastolic blood pressure, mmHg * 74.0  7.2 74.8  7.1 73.5  7.3 

Interbeat interval, ms 853  105 854  108 836  123 

24-hour heart rate, bpm 69.8  8.9 69.3  9.6 71.6  10.7 

 
Data are reported as mean ± standard deviation (SD) or median [interquartile range] or number (percentage).  
* data available for waist circumference, n=2,105; for plasma insulin, n=2,093; for HOMA2-IR, n=2,006; for 
Matsuda index, n=1,850; for stepping time, n=1610; for 24-hour blood pressure, n=1,944. 
Abbreviations: HOMA-IR, homeostasis model assessment of insulin resistance; AU, arbitrary units. 
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Supplementary Table 3. Associations between glucose metabolism status and individual measures 
of heart rate variability 
 

HRV measure  Prediabetes Type 2 diabetes  

Time domain  B (95% CI) B (95% CI) P for trend 

SDNN Crude -0.28 (-0.40; -0.16) -0.59 (-0.69; -0.50) <0.001* 

 Model 1 -0.25 (-0.37; -0.14) -0.57 (-0.67; -0.47) <0.001* 

 Model 2 -0.15 (-0.27; -0.03) -0.43 (-0.55; -0.31) <0.001 

 Model 3 -0.15 (-0.27; -0.03) -0.42 (-0.54; -0.30) <0.001 

RMSSD Crude -0.12 (-0.24; 0.01) -0.07 (-0.16; 0.03) 0.123 

 Model 1 -0.13 (-0.25; -0.01) -0.10 (-0.20; 0.01) 0.042 

 Model 2 -0.13 (-0.25; 0.00) -0.14 (-0.26; -0.02) 0.018* 

 Model 3 -0.11 (-0.23; 0.01) -0.13 (-0.25; -0.01) 0.029* 

SDANN Crude -0.25 (-0.37; -0.14) -0.57 (-0.67; -0.47) <0.001* 

 Model 1 -0.22 (-0.34; -0.10) -0.54 (-0.34; -0.43) <0.001* 

 Model 2 -0.12 (-0.23; 0.00) -0.38 (-0.50; -0.26) <0.001 

 Model 3 -0.12 (-0.24; 0.00) -0.38 (-0.50; -0.26) <0.001 

SDNN index Crude -0.25 (-0.37; -0.13) -0.45 (-0.55; -0.35) <0.001* 

 Model 1 -0.22 (-0.33; -0.10) -0.44 (-0.54; -0.34) <0.001* 

 Model 2 -0.15 (-0.26; -0.03) -0.34 (-0.46; -0.22) <0.001* 

 Model 3 -0.14 (-0.26; -0.02) -0.33 (-0.45; -0.21) <0.001* 

SDSD Crude -0.09 (-0.21; 0.03) -0.14 (-0.24; -0.04) 0.004* 

 Model 1 -0.05 (-0.17; 0.07) -0.10 (-0.20; -0.01) 0.081* 

 Model 2 -0.03 (-0.16; 0.10) -0.07 (-0.20; 0.06) 0.279* 

 Model 3 -0.02 (-0.15; 0.10) -0.07 (-0.21; 0.06) 0.323* 

NN50 Crude -0.20 (-0.32; -0.08) -0.24 (-0.33; -0.14) <0.001 

 Model 1 -0.13 (-0.25; -0.01) -0.14 (-0.24; -0.03) 0.007 

 Model 2 -0.12 (-0.25; 0.00) -0.18 (-0.30; -0.05) 0.003* 

 Model 3 -0.11 (-0.24; 0.01) -0.17 (-0.30; -0.05) 0.005* 

pNN50 Crude -0.16 (-0.28; -0.03) -0.12 (-0.22; -0.02) 0.009 

 Model 1 -0.13 (-0.25; -0.01) -0.10 (-0.20; 0.01) 0.044 

 Model 2 -0.13 (-0.26; -0.01) -0.16 (-0.28; -0.03) 0.009* 

 Model 3 -0.12 (-0.24; 0.01) -0.15 (-0.27; -0.02) 0.015* 

Frequency domain  B (95% CI) B (95% CI) P 

Total power Crude -0.24 (-0.36; -0.13) -0.51 (-0.61; -0.42) <0.001* 

 Model 1 -0.21 (-0.33; -0.10) -0.49 (-0.59; -0.38) <0.001* 

 Model 2 -0.12 (-0.24; 0.00) -0.36 (-0.48; -0.23) <0.001 

 Model 3 -0.12 (-0.24; 0.00) -0.35 (-0.47; -0.23) <0.001* 

ULF Crude -0.23 (-0.34; -0.11) -0.51 (-0.61; -0.41) <0.001* 
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 Model 1 -0.20 (-0.32; -0.08) -0.48 (-0.58; -0.38) <0.001* 

 Model 2 -0.10 (-0.22; 0.02) -0.36 (-0.47; -0.23) <0.001 

 Model 3 -0.10 (-0.22; 0.02) -0.34 (-0.46; -0.22) <0.001 

VLF Crude -0.22 (-0.34; -0.10) -0.33 (-0.43; -0.23) <0.001* 

 Model 1 -0.21 (-0.33; -0.10) -0.36 (-0.46; -0.25) <0.001* 

 Model 2 -0.15 (-0.27; -0.03) -0.27 (-0.39; -0.15) <0.001* 

 Model 3 -0.15 (-0.27; -0.03) -0.27 (-0.39; -0.15) <0.001* 

LF Crude -0.19 (-0.31; -0.07) -0.24 (-0.33; -0.14) <0.001 

 Model 1 -0.17 (-0.28; -0.05) -0.24 (-0.34; -0.14) <0.001* 

 Model 2 -0.11 (-0.23; 0.01) -0.15 (-0.27; -0.03) 0.011* 

 Model 3 -0.10 (-0.22; 0.02) -0.14 (-0.26; -0.02) 0.015* 

HF Crude -0.20 (-0.32; -0.07) -0.20 (-0.30; -0.10) <0.001 

 Model 1 -0.13 (-0.26; -0.01) -0.12 (-0.22; -0.01) 0.021 

 Model 2 -0.13 (-0.25; 0.00) -0.15 (-0.28; -0.03) 0.011* 

 Model 3 -0.12 (-0.24; 0.01) -0.15 (-0.27; -0.02) 0.016* 

LF/HF Crude -0.00 (-0.12; 0.12) -0.12 (-0.22; -0.02) 0.023 

 Model 1 -0.04 (-0.15; 0.07) -0.24 (-0.32; -0.13) <0.001 

 Model 2 0.06 (-0.06; 0.17) 0.01 (-0.11; 0.13) 0.738 

 Model 3 0.05 (-0.07; 0.16) 0.01 (-0.11; 0.12) 0.791 

 
Regression coefficients (B) represent mean difference in heart rate variability (HRV) measure with normal 
glucose metabolism as reference. Model 1 adjusted for age, sex and education level; model 2 additionally adjusted 
for body mass index, total-to-high density lipoprotein cholesterol ratio, alcohol consumption, smoking behavior, 
physical activity, systolic blood pressure and use of lipid-modifying and antihypertensive medication; model 3 
additionally adjusted for history of cardiovascular disease and estimated glomerular filtration rate. 
* P value for likelihood ratio test >0.05 which indicates that there is a linear response of lower HRV across 
deteriorating glucose metabolism status 
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Supplementary Table 4. Association between glucose metabolism status and heart rate variability 
additionally adjusted for heart period and markers of insulin resistance 
 
HRV measure Prediabetes Type 2 diabetes P for trend 

Time domain B (95% CI) B (95% CI)  

Crude -0.26 (-0.37; -0.14) -0.44 (-0.53; -0.34) <0.001† 

Model 1 -0.23 (-0.35; -0.11) -0.42 (-0.52; -0.32) <0.001† 

Model 2 -0.16 (-0.28; -0.04) -0.35 (-0.47; -0.23) <0.001† 

Model 3 -0.15 (-0.27; -0.03) -0.34 (-0.46; -0.46) <0.001† 

Model 4a (+ IBI) -0.11 (-0.22; -0.01) -0.16 (-0.27; -0.06) 0.001† 

Frequency domain B (95% CI) B (95% CI)  

Crude -0.26 (-0.38; -0.15) -0.44 (-0.54; -0.34) <0.001† 

Model 1 -0.23 (-0.34; -0.11) -0.41 (-0.51; -0.31) <0.001† 

Model 2 -0.15 (-0.27; -0.03) -0.31 (-0.43; -0.19) <0.001† 

Model 3 -0.14 (-0.26; -0.02) -0.31 (-0.43; -0.19) <0.001† 

Model 4a (+IBI) -0.11 (-0.21; -0.01) -0.15 (-0.25; -0.04) 0.005† 

Time domain B (95% CI) B (95% CI)  

Crude -0.26 (-0.37; -0.14) -0.44 (-0.53; -0.34) <0.001† 

Model 1 -0.23 (-0.35; -0.11) -0.42 (-0.52; -0.32) <0.001† 

Model 2 -0.16 (-0.28; -0.04) -0.35 (-0.47; -0.23) <0.001† 

Model 3 -0.15 (-0.27; -0.03) -0.34 (-0.46; -0.46) <0.001† 

Model 4b (+insulin)* -0.14 (-0.26; -0.02) -0.32 (-0.45; -0.20) <0.001† 

Model 4c (+HOMA2-IR)* -0.14 (-0.26; -0.02) -0.29 (-0.42; -0.17) <0.001† 

Model 4d (+Matsuda)* -0.13 (-0.26; -0.01) -0.26 (-0.39; -0.13) <0.001† 

Frequency domain  B (95% CI) B (95% CI)  

Crude -0.26 (-0.38; -0.15) -0.44 (-0.54; -0.34) <0.001† 

Model 1 -0.23 (-0.34; -0.11) -0.41 (-0.51; -0.31) <0.001† 

Model 2 -0.15 (-0.27; -0.03) -0.31 (-0.43; -0.19) <0.001† 

Model 3 -0.14 (-0.26; -0.02) -0.31 (-0.43; -0.19) <0.001† 

Model 4b (+insulin)* -0.14 (-0.26; -0.02) -0.30 (-0.42; -0.18) <0.001† 

Model 4c (+HOMA2-IR)* -0.14 (-0.26; -0.02) -0.28 (-0.40; -0.15) <0.001† 

Model 4d (+Matsuda)* -0.12 (-0.25; 0.01) -0.23 (-0.36; -0.10) <0.001† 

 
Regression coefficients (B) represent mean difference in heart rate variability (HRV) measure with normal 
glucose metabolism as reference. Model 1 adjusted for age, sex and education level; model 2 additionally adjusted 
for body mass index, total-to-high density lipoprotein cholesterol ratio, alcohol consumption, smoking behavior, 
physical activity, systolic blood pressure and use of lipid-modifying and antihypertensive medication; model 3 
additionally adjusted for history of cardiovascular disease and estimated glomerular filtration rate. Model 4a 
additionally adjusted for interbeat interval (IBI); 4b for plasma insulin; 4c for HOMA2-IR. 
*Analyses performed in, for plasma insulin, n=2,093; for HOMA2-IR, n=2,006; for Matsuda index, n=1,850. 
† P value for likelihood ratio test >0.05 which indicates that there is a linear response of lower HRV across 
deteriorating glucose metabolism status 
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Supplementary Table 5. Association between glucose metabolism status and heart rate variability, 
individuals who used antihypertensive medication excluded 
 
HRV measure Prediabetes Type 2 diabetes P for trend 

Time domain  B (95% CI) B (95% CI)  

Crude -0.25 (-0.39; -0.11) -0.46 (-0.62; -0.31) <0.001* 

Model 1 -0.20 (-0.34; -0.06) -0.44 (-0.60; -0.29) <0.001* 

Model 2 -0.14 (-0.27; 0.00) -0.36 (-0.53; -0.20) <0.001* 

Model 3 -0.13 (-0.27; 0.01) -0.36 (-0.52; -0.19) <0.001* 

Frequency domain  B (95% CI) B (95% CI)  

Crude -0.25 (-0.40; -0.11) -0.44 (-0.60; -0.28) <0.001* 

Model 1 -0.20 (-0.34; -0.06) -0.42 (-0.58; -0.26) <0.001* 

Model 2 -0.13 (-0.27; 0.01) -0.33 (-0.50; -0.16) <0.001* 

Model 3 -0.13 (-0.27; 0.02) -0.32 (-0.50; -0.15) <0.001* 

 
Regression coefficients (B) represent mean difference in heart rate variability (HRV) measure with normal 
glucose metabolism as reference. Model 1 adjusted for age, sex and education level; model 2 additionally adjusted 
for body mass index, total-to-high density lipoprotein cholesterol ratio, alcohol consumption, smoking behavior, 
physical activity, systolic blood pressure and use of lipid-modifying medication; model 3 additionally adjusted for 
history of cardiovascular disease and estimated glomerular filtration rate. Analyses performed in n=1,309. 
* P value for likelihood ratio test >0.05 which indicates that there is a linear response of lower HRV across 
deteriorating glucose metabolism status 
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Supplementary Table 6. Association between glucose metabolism status and heart rate variability 
additionally adjusted for 1) objectively measured physical activity instead of by questionnaire, 2) 
for waist circumference instead of body mass index, and 3) for 24-hour blood pressure instead of 
office blood pressure 
 
HRV measure Prediabetes Type 2 diabetes P for trend 

Time domain B (95% CI) B (95% CI)  

Crude -0.24 (-0.37; -0.11) -0.40 (-0.51; -0.30) <0.001§ 

Model 1 -0.23 (-0.36; -0.10) -0.40 (-0.52; -0.29) <0.001§ 

Model 2  -0.14 (-0.28; -0.01) -0.30 (-0.43; -0.17) <0.001§ 

Model 3 + stepping time* -0.13 (-0.27; -0.00) -0.29 (-0.42; -0.16) <0.001§ 

Frequency domain   B (95% CI) B (95% CI)  

Crude -0.25 (-0.38; -0.11) -0.39 (-0.50; -0.28) <0.001§ 

Model 1 -0.22 (-0.36; -0.09) -0.38 (-0.50; -0.27) <0.001§ 

Model 2  -0.13 (-0.26; 0.01) -0.26 (-0.39; -0.12) <0.001§ 

Model 3 + stepping time* -0.12 (-0.26; 0.01) -0.25 (-0.38; -0.12) <0.001§ 

Time domain B (95% CI) B (95% CI)  

Crude -0.26 (-0.37; -0.14) -0.44 (-0.53; -0.34) <0.001§ 

Model 1 -0.23 (-0.35; -0.11) -0.42 (-0.52; -0.32) <0.001§ 

Model 2 + waist † -0.16 (-0.28; -0.04) -0.34 (-0.47; -0.22) <0.001§ 

Model 3 -0.15 (-0.27; -0.03) -0.33 (-0.46; -0.21) <0.001§ 

Frequency domain   B (95% CI) B (95% CI)  

Crude -0.26 (-0.38; -0.15) -0.44 (-0.54; -0.34) <0.001§ 

Model 1 -0.23 (-0.34; -0.11) -0.41 (-0.51; -0.31) <0.001§ 

Model 2 + waist † -0.15 (-0.27; -0.03) -0.30 (-0.42; -0.18) <0.001§ 

Model 3 -0.14 (-0.26; -0.02) -0.30 (-0.42; -0.17) <0.001§ 

Time domain B (95% CI) B (95% CI)  

Crude -0.26 (-0.37; -0.14) -0.42 (-0.52; -0.32) <0.001§ 

Model 1 -0.23 (-0.35; -0.11) -0.41 (-0.51; -0.30) <0.001§ 

Model 2 +24h SBP ‡ -0.16 (-0.28; -0.04) -0.34 (-0.46; -0.21) <0.001§ 

Model 3 -0.15 (-0.27; -0.03) -0.33 (-0.45; -0.21) <0.001§ 

Frequency domain   B (95% CI) B (95% CI)  

Crude -0.26 (-0.38; -0.15) -0.41 (-0.51; -0.31) <0.001§ 

Model 1 -0.23 (-0.34; -0.11) -0.39 (-0.49; -0.28) <0.001§ 

Model 2 + 24h SBP ‡ -0.15 (-0.27; -0.03) -0.29 (-0.41; -0.17) <0.001§ 
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Model 3 -0.14 (-0.26; -0.02) -0.28 (-0.41; -0.16) <0.001§ 

 
Regression coefficients (B) represent mean difference in heart rate variability (HRV) measure with normal 
glucose metabolism as reference. Model 1 adjusted for age, sex and education level; model 2 additionally adjusted 
for body mass index or waist circumference (indicated), total-to-high density lipoprotein cholesterol ratio, alcohol 
consumption, smoking behavior, objectively measured physical activity or by questionnaire (indicated), office 
systolic blood pressure or 24-hour systolic blood pressure (indicated), and use of lipid-modifying and 
antihypertensive medication; model 3 additionally adjusted for history of cardiovascular disease and estimated 
glomerular filtration rate. 
* analyses done in n=1610 
† analyses done in n=2,105 
‡ analyses done in n=1,944 
§ P value for likelihood ratio test >0.05 which indicates that there is a linear response of lower HRV across 
deteriorating glucose metabolism status 
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Supplementary Figure 1. Flowchart delineating the derivation of the final study population. 
Abbreviations: ECG, electrocardiogram; HRV, heart rate variability; GFR, glomerular filtration rate. 
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Supplementary Figure 2. Multivariable adjusted differences in individual time domain (panel A) and 
frequency domain heart rate variability (HRV) (panel B) between individuals with prediabetes and type 
2 diabetes (T2D) compared with normal glucose metabolism (NGM). 
Point estimates represent standard deviation (SD) difference with 95% confidence intervals in time 
domain and frequency domain HRV for prediabetes and T2D compared with NGM. Point estimates 
were adjusted for age, sex, education level, body mass index, total-to-high density lipoprotein 
cholesterol ratio, alcohol consumption, smoking behavior, physical activity, systolic blood pressure and 
use of lipid-modifying and antihypertensive medication, history of cardiovascular disease and estimated 
glomerular filtration rate. 
* indicates P for trend < 0.05 
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