Supplemental materials

Supplementary Table 1. HR-PPG and HRV distribution accor ding to dataset

Datasets Known resting HR dataset ~ Full HR Dataset
N = 40,572 N = 66,788
HR-PPG description
Number of HR-PPG 40572 3,110,988
measurements, n
Number of HR-PPG
measurements per user, per 4.3(9.2) 60.1 (145.4)
year, median (IQR)
Average geometric mean
HR.PPGLSD 81.8+19.6 79.0+£14.5
o :
aSR/o Percentile Interval for (52.5—132.1) (54.5-110.8)
Average HR on weekdays, ] 79.1+17.6
bpm
Average HR on weekends, 3 78.4+17.1
bpm
Average HR during spring, - 79.0£17.4
bpm
Average HR on summer, } 78.8+16.6
bpm
Average HR on fall, bpm - 78.4x16.5
Average HR on winter, i} 79.1+16.7
bpm
HRV description
Average HRV, bpm 13.4+11.4 15.8£9.2
Average HRV between 12 ) 13.4+10.4
am and 6 am, bpm
Average HRV between 6 ) 14.9+10.6
am and 12 pm, bpm
Average HRV between 12 ) 14.1+10.2
pm and 6 pm, bpm
Average HRV between 6 ) 12.5+9.6
pm and 12 am, bpm
Average HRV on
e ] 13.7+10.7
Average HRV on
weckds bom - 13.3£104
Average HRV during ) 14.1+10.2

spring, bpm



Average HRV on summer,

- 15.0+10.2
bpm
Average HRV on fall, bpm - 14.2+10.0
Average HRV on winter, i 14.1+10.0
bpm T

Abbreviations: HRV: Heart Rate Variability; HR-PPG; Heart rate measured using a smartphone
photopl ethysmography.



Supplementary Table 2A. HR-PPG Per centiles according to age, in healthy

individuals
AGE 95pP 90P 75P 50P 25P 10P 5P
18 105.9 101.8 99.6 87.2 69.9 63.1 61.9
19 102.2 96.0 89.6 80.8 715 65.2 57.9
20 105.5 99.6 90.6 81.1 72.9 64.4 60.0
21 103.9 99.3 91.5 80.9 72.6 64.8 60.2
22 107.3 98.8 89.6 814 72.1 63.7 58.6
23 107.6 100.1 90.2 81.0 71.9 64.6 594
24 104.8 99.2 88.9 79.1 70.2 63.8 59.7
25 107.4 99.6 90.0 80.7 72.2 63.6 60.5
26 105.2 99.0 88.9 79.8 69.9 61.9 58.6
27 103.3 97.4 88.7 79.5 70.0 62.2 57.8
28 104.6 97.1 87.7 78.5 68.6 61.0 574
29 105.4 99.4 88.4 77.8 69.2 61.4 574
30 107.9 99.1 89.4 78.9 70.0 61.3 56.3
31 105.6 99.2 88.8 78.8 68.9 61.4 58.4
32 106.2 99.5 89.7 79.1 69.4 61.0 56.6
33 105.1 98.9 88.4 77.8 69.6 62.2 58.0
34 104.7 97.0 86.7 77.4 68.3 61.1 57.9
35 106.2 99.8 88.7 78.5 68.7 61.0 56.6
36 103.6 97.4 88.0 77.7 67.4 58.9 54.6
37 105.6 98.5 87.9 77.2 68.2 61.4 571
38 106.0 98.2 86.4 76.8 67.7 59.6 55.6
39 107.0 98.9 87.0 78.3 69.5 61.7 57.1
40 101.7 96.3 84.9 75.0 67.3 60.7 575
41 101.7 95.3 86.3 77.2 68.0 61.5 56.4
42 103.1 96.7 86.6 75.8 65.6 58.7 53.9
43 974 93.2 83.6 74.2 65.8 575 54.8
44 101.7 95.2 84.9 74.8 65.7 58.7 55.1
45 99.9 94.1 85.8 75.8 66.8 59.2 554
46 102.3 93.7 83.3 75.0 65.7 57.2 54.6
47 99.8 92.7 83.0 73.1 65.2 58.0 54.5
48 98.1 91.3 82.0 73.7 65.4 57.8 54.0
49 101.3 94.6 83.3 74.1 65.4 58.3 54.2
50 96.1 90.1 81.3 73.1 63.9 57.6 53.1
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Supplementary Table 2B. HR-PPG Per centiles according to age, in healthy females

Age 95p 90p 75p 50p 25p 10p 5p
18 97.5 96.0 91.5 875 80.3 69.9 66.4
19 98.9 96.0 89.9 83.1 71.8 66.8 62.5
20 103.8 99.0 91.0 818 75.2 66.4 60.6
21 108.1 101.3 91.0 82.0 73.6 66.0 62.8
22 104.6 99.4 89.6 819 734 66.9 59.9
23 106.8 99.6 90.0 811 73.2 66.6 60.5
24 103.2 98.2 89.5 80.4 711 64.4 60.9
25 104.7 99.3 89.9 819 733 63.9 61.3
26 102.5 96.9 88.6 79.8 715 63.0 60.0
27 103.7 98.6 89.8 817 72.2 65.9 59.0
28 105.3 98.8 88.5 79.2 70.6 62.0 58.2
29 105.4 101.7 90.3 79.9 714 64.8 59.5
30 108.2 102.0 91.3 80.1 705 62.1 58.5
31 107.2 100.1 89.8 80.1 70.7 63.3 50.8
32 106.2 100.0 90.3 80.8 711 63.6 58.5
33 104.7 100.2 88.4 80.4 717 65.3 61.9
34 104.2 97.3 87.7 79.9 70.5 62.8 59.5
35 105.1 100.3 90.6 80.0 70.3 62.0 57.5
36 102.9 98.7 90.5 80.6 717 64.2 55.8
37 104.5 98.6 89.2 78.0 69.0 64.7 60.7
38 103.3 97.2 86.0 77.7 69.8 62.7 50.1
39 102.3 98.4 87.8 811 715 64.3 59.7
40 102.7 97.4 87.5 78.1 69.3 64.1 60.7
41 103.2 96.9 90.1 80.6 725 64.5 60.8
42 105.0 99.6 90.5 79.3 67.8 60.1 55.4
43 97.3 93.9 84.5 74.9 67.2 61.1 57.1
44 102.4 96.3 88.1 785 68.3 61.7 59.2
45 100.5 98.4 88.4 79.3 69.3 63.4 59.0
46 99.8 93.1 84.7 77.9 70.0 62.2 57.2
47 99.7 94.1 83.6 74.2 65.2 58.6 56.5
48 96.2 90.5 83.0 75.2 68.5 62.2 57.9
49 104.3 99.5 85.9 77.0 68.0 59.6 55.4
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Supplementary Table 2C. HR-PPG Per centiles according to age, in healthy males

Age 95p 90p 75p 50p 25p 10p 5p
18 102.4 96.4 88.6 76.9 68.0 61.2 57.8
19 94.9 93.3 86.9 75.3 67.5 59.3 57.2
20 96.1 93.1 87.0 76.5 67.9 61.1 58.0
21 99.9 95.8 88.9 75.6 67.9 59.4 55.5
22 98.2 93.0 82.8 75.3 66.9 60.7 56.7
23 106.9 98.3 86.4 76.5 67.5 58.9 56.4
24 103.7 98.8 83.9 73.0 65.7 60.3 56.5
25 104.6 97.2 87.6 775 68.2 62.1 58.6
26 103.6 9.4 85.1 75.7 65.3 59.6 57.5
27 96.0 915 813 717 64.6 58.9 56.1
28 99.2 94.6 82.6 73.9 65.7 58.5 55.5
29 98.4 94.1 84.2 73.6 65.2 57.2 55.4
30 98.9 95.3 86.4 74.6 66.0 56.9 51.8
31 101.4 96.0 86.1 75.0 65.3 60.5 57.2
32 105.9 95.7 85.6 74.4 66.1 57.5 55.0
33 100.5 95.0 84.8 739 65.9 58.0 53.8
34 98.3 91.3 83.6 74.3 65.1 58.8 56.3
35 104.2 95.1 83.9 74.6 64.9 58.6 54.3
36 98.2 91.6 835 729 62.6 57.1 54.4
37 102.5 95.8 835 74.1 65.9 57.9 54.9
38 106.0 97.3 83.8 72.4 63.0 55.7 54.1
39 109.5 98.6 84.6 745 65.2 57.9 55.5
40 97.9 92.0 80.9 71.7 64.4 58.3 54.6
41 95.2 91.3 82.9 729 65.2 56.9 53.4
42 100.4 95.1 815 72.6 64.6 57.1 52.5
43 94.8 88.6 81.4 714 63.2 55.6 53.8
44 98.5 90.8 80.2 716 63.1 56.2 52.0
45 95.7 91.3 814 725 62.9 56.5 53.2
46 101.8 91.6 80.7 71.9 62.6 55.1 52.0
47 99.3 91.9 82.3 710 62.8 55.8 51.1
48 97.3 91.3 80.4 70.7 62.6 54.3 51.4
49 96.5 90.8 80.1 711 62.9 55.7 52.9
S0 90.1 84.1 785 69.5 62.0 55.0 51.6
Sl 102.1 92.6 79.6 72.2 64.4 58.3 52.6
52 90.7 86.8 80.2 68.3 61.9 56.3 53.9
53 90.6 85.0 77.1 68.2 62.1 56.3 52.8
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Supplementary Table 3. HR-PPG Per centiles accor ding to aver age daily step count

strata

DAILY STEP COUNT 95P 90P 75P S0P 25P 10P 5P
100 - 2000 1045 975 88.2 79.3 70.5 63.2 59.5
2001 - 4000 103.3 964 87.8 78.9 70.5 63.1 58.9
4001 - 6000 101.3 955 86.3 77.8 69.4 62.1 57.5
6001 - 8000 1055 972 86.8 77.1 68.7 61.6 58.0
8001 - 10000 106.3 98.1 87.0 76.0 66.4 59.9 56.7
10001 - 12000 1074 97.8 88.4 76.9 67.9 60.0 57.0
12001 - 14000 1147 973 87.6 78.9 68.3 59.6 57.5
14001 - 16000 100.8 97.8 86.6 76.4 70.3 63.7 62.0
16001 - 18000 101.5 983 80.8 75.1 68.7 58.6 55.8
18001 - 20000 1043 1019 852 76.5 67.6 63.7 61.3




Supplementary Table 4. Baseline Characteristics for the known resting HR dataset

and thefull HR dataset restricted to those with no reported medical conditions.

Known resting HR dataset

No reported medical

conditions®”
Baseline char acteristics ab
n, (%)
N=3,040
n=25,408
Age, meantSD, yrs 41.6+13.0 37.7£13.0
Number of HR-PPG values
14,364 1,103,570
recorded
Number of HR-PPG measurements
per user, median (IQR) 3.0(1.0-5.0) 17.0(6.0-45.0)
Geometric HR-PPG, meantSD,
81.8+19.6 77.6+14.6
bpm
Demographics N=2,412 N=18,858
Females 1,120 (46.4) 9,476 (50.2)
Males 1,292 (53.6) 9,382 (49.8)
Race or ethnic group N=2,412 N=18,727
Non-Hispanic White 1,742 (72.2) 14,280 (76.3)
Black or African American 56 (2.3) 314 (17)
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Hispanic, Latino or Spanish

origin or ancestry 267 (11.1) 2,001 (10.7)
Asian 183 (7.6) 1,160 (6.2)
Multi-ethnic 109 (4.5) 526 (2.8)
Other 55 (2.3) 446 (2.4)
Anthropometric data N=480 N=2,175
Height, mean+SD, m 1.73+0.10 1.73+0.10
Weight, mean+SD, kg 80.0+18.2 779+17.8
BMI, mean+SD, kg/m’ 26.6+5.4 26.1+5.3

Abbreviations: BMI: Body Mass Index; HR: Heart rate; m: meters; PPG:

Photoplethysmography; SD: Standard deviation.

& Participants contributed measurements to both datasets.
P The distribution of all variables shared between the “known resting HR”, the “No reported
medical conditionsdataset” are significantly different (p<0.0005), except the BMI (p=0.04), the

“height” (p=0.22) and the weight (p=0.01) .
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Supplementary Tableb.

Univariable Predictors of Mean Heart Rate

Variable Coefficient 95% CI p-value
. -1.80e02 — -
Age (10-year increments) -1.75e02 <0.0005
1.70e02
Gender, for females 4.44 415-4.72 <0.0005
Height, per cm -0.23 -0.269 - -0.19 <0.0005
Weight, per kg 0.006 -0.01-0.03 0.54
BMI, per kg/m? 0.25 0.25-0.26 <0.0005
Number of steps (1000-st
eps * -0.21 -0.42-0.01 0.05
increment)
Race or ethnic group <0.0005
Non-Hispanic White
Ref - -
Black or African 2.76 -0.60-6.12 0.11
American
Hispanic, Latino or
Spanish origin or 1.08 -0.51-2.67 0.18
ancestry
Asian 5.22 312-7.32 <0.0005
Multi-ethnic 2.66 0.07-5.24 0.04
Other/prefer not to
0.44 -0.51-2.67 0.18
disclose

12



Number of medical

conditions, per medical 0.65

condition
Abbreviations: cm: centimeters; kg: kilogram;

0.33-0.96

<0.0005
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Supplementary Table 6. Beta-blockers and beta-agonists multivariable regression
models

Model 1. Multivariable regression describing the relationship between age, gender, beta-blockers

use, hypertension and heart rate*

Variable Coefficient 95% Cl p-vaue

Gender, for females 4.17 3.85-4.47 <0.0005

Interaction between Beta-

-4.50 -5.73--3.28 <0.0005

blockers use & hypertension
Beta-blockers use 2.66 1.75-3.58 <0.0005
Age, per 10y -1.81 -1.93--1.70 <0.0005
Hypertension 3.76 3.36-4.16 <0.0005

Model 2. Multivariable linear regression describing the relationship between age, gender, beta-

blockers use, hypercholesterolemia and heart rate *

Variable Coefficient 95% CI p-value
Gender, for females 411 3.80-4.42 <0.0005
Interaction between Beta- -2.43 -3.64-1.23 <0.0005
Age, per 10y -1.79 -1.90 —-1.67 <0.0005
Hypercholesterolemia 2.70 2.33-3.08 <0.0005
Beta-blockers use -2.43 -3.64--1.23 <0.0005

Model 3. Multivariable linear regression describing the relationship between age, gender, beta-

hlnrkerciice diahetec and heart rate*

Variable Coefficient 95% CI p-value
Gender, for females 4.05 3.75-4.36 <0.0005
Interaction between Beta- -4.21 -6.12—--2.31 <0.0005
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Beta-blockers use 1.32 0.68-1.96 <0.0005
Age, per 10y -1.69 -1.80--1.58 <0.0005
Diabetes 7.02 6.28-7.77 <0.0005

Model 4. Multivariable linear regression describing the relationship between age, gender, beta-

blockers use, CAD and heart rate*

Variable Coefficient 95% CI p-value
Interaction between Beta- -4.71 -6.31--3.11 <0.0005
Gender, for females 4.04 3.73-4.35 <0.0005
CAD 2.97 2.14-3.80 <0.0005
Beta-blockers use 1.74 1.06 —2.43 <0.0005
Age, per 10y -159 -1.70 - -1.48 <0.0005

Model 5. Multivariable linear regression describing the relationship between age, gender, beta-

blockers use, prior myocardial infarction and heart rate *

Variable Coefficient 95% Cl p-value

Gender, for females 4.04 3.73-4.35 <0.0005

Interaction between

betablockers Use & -4.22 -6.35--2.10 <0.0005
prior Ml

Prior Ml 3.08 1.81-4.36 <0.0005

Beta-blockers use 1.41 0.77 —2.06 <0.0005

Age, per 10y -1.57 -1.68 - -1.46 <0.0005

Model 6. Multivariable linear regression describing the relationship between age, gender, beta-

blockers use. nresence of arrhvthmia and heart rate *
Variable Coefficient 95% Cil p-vaue
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Gender, for females 3.80 349-411 <0.0005

I nteraction between

beta-blockers use & -0.53 -1.82-0.76 0.42
arrhythmias
Arrhythmias 2.16 1.66 —2.65 <0.0005
Beta-blockers use 0.89 0.15-1.63 0.02
Age, per 10y -1.53 -1.64-1.42 <0.0005

Model 7. Multivariable linear regression describing the relationship between age, gender, beta-

blockers use, peripheral vascular disease and heart rate *

Variable Coefficient 95% CiI p-vaue
Gender, for females 4.04 3.73-4.35 <0.0005
PVD 3.25 1.64-4.87 <0.0005
Beta-blockers use 1.21 0.60-1.83 <0.0005
Age, per 10y -1.56 -1.67--1.45 <0.0005

Interaction between
-2.50 -5.97 -0.97 0.16
Beta-blockers use &

Model 8. Multivariable linear regression describing the relationship between age, gender, beta-

blockers use, stroke and heart rate *

Variable Coefficient 95% CiI p-vaue
Gender, for females 4,03 3.71-4.33 <0.0005
Stroke 2.32 1.15-3.50 <0.0005
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Beta-blockers use
Age, per 10y
Interaction between

beta-blockers use &

P RO PP

1.02

-1.57

2.00

0.40-1.64

-1.68 - -1.46

-0.77-4.78

<0.0005

<0.0005

0.16

Model 9. Multivariable linear regression describing the relationship between age, gender, beta-

blockers use, CHF and heart rate *

Variable Coefficient 95% ClI p-value
CHF 471 2.85-6.57 <0.0005
Gender, for females 4.03 -3.72-4.34 <0.0005
Beta-blockers use 1.19 0.56-1.82 <0.0005
Age, per 10y -1.56 -1.67--1.45 <0.0005

I nteraction between
Beta-blockers use & 1.19 0.56 -1.82 <0.0005

CHF

Model 10. Multivariable linear regression describing the relationship between age, gender, beta-

agonists use, asthma and heart rate *

Variable Coefficient 95% ClI p-value
Gender, for females 3.94 3.64 —425 <0.0005
Age, per 10y -1.49 -1.59--1.38 <0.0005
Asthma 245 1.93-3.00 <0.0005
Beta-agonists use 4.20 0.66—7.73 <0.0005
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Interaction between

Beta-agonists use & -2.48 -7.91-294 <0.0005

asthma

Model 11. Multivariable linear regression describing the relationship between age, gender, beta-

agonists use, COPD and heart rate *

Variable Coefficient 95% CiI p-vaue
COPD 4.52 3.54-5.50 <0.0005
Gender, for females 4.00 3.69-431 <0.0005
Beta-agonists use 3.35 0.61-6.09 <0.0005

Interaction between

beta-agonists use & 10.09 -2.38 - 22.56 <0.0005
COPD
Age, per 10y -1.54 -1.65-14.3 <0.0005

Abbreviations: 10y: 10-year increments; CAD: Coronary artery disease; CHF: Congestive heart
failure; COPD: Chronic obstructive pulmonary disease; CCB: Calcium channel blockers; HR:
Heart rate; IQR: Interquartile range; MI: Myocardia Infarction; PVD: Peripheral Vascular

Disease.

18



Supplementary Figure 1. Photoplethysmography waveform as measur ed by the

Azumio Instant HR app.
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Supplementary Figure 2. Simultaneous HR-ECG recording and HR-PPG recording

A. Normal Sinus Rhythm

B. Normal Sinus Rhythm with Premature Ventricular Contractions

C. Atrial Fibrillation

ol

Blue waveform: HR-ECG recording; Orange waveform: HR-PPG recording.
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Supplementary Figure 3

A. Bland-Altmann plot of RR intervals as measured by ECG and PPG, in

milliseconds
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B. Bland-Altmann plot of average HR as measured by ECG and PPG, in

beats per minute
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L egend: Dashed lines: 95% confidence interval; Full blue line: mean values of the difference
between PPG & ECG; Orange: Atrial Fibrillation; Red: Frequent PV Cs; Green: Atrial Flutter:

Blue dots: Normal sinus rhythm.
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Supplementary Figure 4. Creation of our different datasets

Completed the ‘previous
medical history’ survey

53,366 users
2,508,496 measurements

Initial dataset

66,788 users
3,144,332 measurements

33,344 measurements excluded:

- 26,515 measurements < 20 BPM
- 6,326 measurements > 220 BPM

A

v

Reported a medical
condition

27,958
1,506,946 measurements

Full HR dataset

66,788 users
3,110,988 measurements

Y

Reported no medical
conditions

25,408 users
1,101,550 measurements

Y

Known resting HR dataset
(Between 10-25 steps 30 minutes
prior to the HR measurement)

8,046 users
40,572 measurements
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Supplementary Figure5. Distribution of heart ratein our full heart rate dataset and

in our known resting heart rate dataset
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Supplementary Figure 6. Free-living HR difference from average according to the

hour of the day

HR difference from average

0 5 10 15 2
Hour of the day

Hour 0 1 2 3 4 5 6 7 B8 9 101 1213 14 15 16 17 18 19 20 21 22 23

Number of
recordings 159 151 143 130 118 109 111 129 153 170 180 183 178 175 173 177 183 192 198 185 168 160 162 166
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