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Table S1. Definition of the metrics of circadian rhythm dimensions.

Metrics

Name in GGIR

Description

Period of observation

Dimension: Rest-activity rhythm (RAR)

Relative amplitude

(m10value - I5value) / (m10value +
ISvalue)

Mio—L
Calculated as —x2—=
Mjo+Ls

active 10-hour period and Ls the mean acceleration of the least active 5-hour period.
Higher values indicate larger amplitude in the rhythm.

with Mio corresponding to the mean acceleration of the most

Calculated for each full day (waking
and sleeping periods) and averaged
over valid days.

Cosinor mesor

cosinor_mes

The mean value of the cosinor function fitted to the log transformed acceleration
signal (ENMO time series). Higher values indicate more activity.

Cosinor amplitude

cosinor_amp

The amplitude of the cosinor function fitted to the log transformed acceleration
signal, corresponding to the peak of the function minus the mesor. Higher values
indicate larger amplitude in the rhythm.

Measure of goodness of fit of the cosinor function to the log transformed acceleration

Cosinor R? cosinor_r2 . . L )
- signal. Higher values indicate better goodness of fit.
H - 2
Calculated as IS = M, where H is the number of hours per day, P the total
HYpoq (xp—%)?
number of hours over the observation period, x,, is the pt" element of a vector of P
. o . hourly proportions of activity, X, is the ht" element of a vector of H hourly proportions
Interdaily stability (IS) is .y P p. ) Y. Xn . . y prop
of being active (defined as mean acceleration >40 mg), and X is the overall mean hourly
proportion of being active over the entire period.
IS measures how constant is the routine of activity over several days and ranges from
0 to 1, values close to 1 indicate more constant routine.
PIE_,(xp-xp_1)
Calculated as IV = M
(P-1) 2p=1(xp—f)
Intradaily variability (IV) iv See notations in the row above. It measures the variability in activity hour by hour

throughout the days. It ranges from 0 to +oo, value close to 2 indicates more
fragmented rhythm, and >2 indicates ultradian rhythm (very uncommon).

Calculated using the full observation
period (including day and night
periods), non-wear periods were
omitted.




Table S1 continued.

Metrics

Name in GGIR

Description

Period of observation

Dimension: Daytime activity

SB, LIPA, and MVPA
durations

SB: dur_day_total_in_min_pla

LIPA: dur_day_total_lig_min_pla
MVPA: dur_day_total_mod_min_pla +
dur_day_total_vig_min_pla

Total daily time during waking period spent in 60s-epoch acceleration<40 mg for SB
(in hours), 40-99 mg for LIPA (in hours), 2100 mg for MVPA (in minutes)

Number of SB, LIPA, and
MVPA bouts

SB: frag_nfrag_in_day_pla
LIPA: frag_nfrag_lipa_day_pla
MVPA: frag_nfrag_mvpa_day_pla

Number of bouts spent in SB, LIPA, and MVPA per day. Higher numbers denote more
fragmented episodes in the activity level.

Mean duration of SB,
LIPA, and MVPA bouts

SB: dur_day_total_in_min_pla/
data_acc2Sfrag_nfrag_in_day_pla
LIPA: dur_day_total_lig_min_pla/
frag_nfrag_lipa_day_pla

MVPA: (dur_day_total_mod_min_pla +

dur_day_total_vig_min_pla) /
frag_nfrag_mvpa_day_pla

Average duration of bouts (in minutes) in SB, LIPA, and MVPA,
computed as the total daily duration during waking period divided by daily number of
bouts. Longer mean durations in an activity level represent less fragmented activity.

Intensity gradient
intercept and slope

ig_day_intercept_pla

ig_day_gradient_pla

Intensity gradient (IG) relies on the acceleration distribution during the waking period
per day defined as the time spent (ordinate) in each acceleration (abscissa) over the
day. IG intercept and slope are extracted from the linear regression between log
transformed abscissa and log transformed ordinate.

Examples: Higher intercept and steeper gradient (i.e. more negative gradient) represent
more time in SB and little time spent in midrange and higher intensity. Lower intercept
and shallow gradient correspond to more time spread across the range of intensities.

Acceleration during
waking

acc_day_mg_pla

Mean acceleration during waking period (in mg). Higher values represent higher activity
level over the day.

Calculated for each waking period
and averaged over valid days. Non-
wear periods of valid days were
imputed using the average of the
signal at the same time of the day on
other valid days.

Mio mean acceleration

m10value

Mean acceleration during the most active 10-hour period (in mg) of the entire day.
Higher values represent higher activity level over the most active hours.

Calculated for each full day window.
Non-wear periods of valid days were
imputed using the average of the
signal at the same time of the day on
other valid days.

Transition probability
from activity to rest
during the day (TPar,q)

frag_tp_pa2in_day

na’d+5
Tqaq+6
day (waking period), T, 4 is the total time of activity during the day (waking period), and
& is a small number, 107, to avoid potential division by zero.

It corresponds to the probability of transitioning from a physically active (LIPA or
MVPA) to sedentary state and ranges from 0 to 1, values close to 1 indicate frequent
switching from one state to the other.

Calculated as TP, 4 = , where n, 4 is the number of bouts of activity during the

Transition probability
rest to activity during the
day (TPra,q)

frag_tp_in2pa_day

Calculated as TP, 4 = :r'dig , where § is 1076, n,. 4 the number of bouts of rest
rd
during the day (waking period), and T;. ; the total time of rest during the day (waking

period).
It corresponds to the probability of transitioning from a sedentary to physically active
(LIPA or MVPA) state and ranges from 0 to 1.

Calculated using the full observation
period (including only valid day
periods), sleep and non-wear
periods were omitted.




Table S1. continued

Metrics

Name in GGIR

Description

Period of observation

Dimension: Sleep

Sleep duration

dur_spt_sleep_min_pla

Duration (in hours) of time spent sleeping during the sleep period.

Sleep efficiency

sleep_efficiency_pla

Percent of time spent sleeping during the sleep period. Higher values denote a better
sleep quality.

Mean duration of sleep
bouts

dur_spt_sleep_min_pla /
nblocks_spt_sleep_pla

Mean duration (in minutes) of sleep bouts during the sleep period. Longer mean
duration denotes longer sleep bouts.

Number of sleep bouts

nblocks_spt_sleep_pla

Number of sleep bouts during the sleep period. More sleep bouts denote more
fragmented sleep.

Mean acceleration
during sleep

acc_spt_sleep_mg_pla

Mean acceleration during sleep (in mg). For cluster calculation, this variable was log
transformed to reduce its skewness. Higher values denote more movements during
the sleep.

Duration of wake after
sleep onset (WASO)

dur_spt_min_pla -
dur_spt_sleep_min_pla

Time spent awake (in minutes) during the sleep period. Higher values indicate more
fragmented sleep.

Mean duration of wake
bouts

(dur_spt_min_pla -
dur_spt_sleep_min_pla) /
(nblocks_spt_sleep_pla - 1)

Mean duration of bouts spent awake during sleep period (in minutes). Longer duration
denotes more difficulties falling asleep when awake.

Calculated for each sleep period and
averaged over valid days. Non-wear
periods of valid days were imputed
using the average of the signal at the
same time of the day on other valid
days.

Ls mean acceleration

[Svalue

Mean acceleration during the 5 least active hours (in mg). Higher values indicate more
activity during the 5 least active hours (commonly during the sleep period).

Calculated for each full day window.
Non-wear periods of valid days were
imputed using the average of the
signal at the same time of the day on
other valid days.

Transition probabilities
from wake to sleep
during the night (TPws,n)

frag_tp_wake2sleep_spt

Nyn+8
Tyn+6
during the night, and T, ,, the total waking time during the night.

It corresponds to the probability of transitioning from wake to sleep state during the
sleep period and range from 0 to 1, value close to 1 indicates frequent changes
between wake to sleep states.

Calculated as TPy, = ,where & is 107, n,,, the number of bouts of wake

TP from sleep to wake
during sleep period
(TPsw,n)

frag_tp_sleep2wake_spt

Probability of transitioning from sleep to wake state during the sleep period Range
from 0 to 1. Value close to 1 indicates frequent changes from sleep to wake states.

Calculated using the full observation
period (including only sleep periods),
waking and non-wear periods were
omitted.

Dimension: Chronotype

Sleep onset sleeponset_pla Timing of the sleep onset (in hours of the day) Calculated for each sleep period and
Waking time wakeup_pla - 24 Timing of the waking up to start the day (in hours of the day) averaged over valid days.
Mo start m10time_num Timing of the start of Mo (in hours of the day) Calculated for each entire day

ki d sleepi iod d
Lsstart I5time_num Timing of the start of Ls (in hours of the day) (waking and sleeping periods) an

averaged over valid days.

Cosinor acrotime

cosinor_acrotime

Time at which the cosinor function fitted to the log transformed acceleration signal
reaches its maximum

Calculated using the full observation
period (including day and night
periods), non-wear periods were
omitted.

Abbreviations: IG, intensity gradient; Ls, least 5 active hours; LIPA, light intensity physical activity; Mio, most active 10-hour period; MVPA, moderate to vigorous physical activity; SB, sedentary behaviour; TParq, transition probability from activity to
rest during the day; TPr,,q, transition probability from rest to activity during the day; TPsw,n, transition probability from sleep to wake during the night; TPwsn, transition probability from wake to sleep during the night; WASO, wake after sleep onset.

Definitions: A bout corresponds to an uninterrupted episode spent in a given range of state; Sleep period is from sleep onset to waking time to start the day.
Remark: Cosinor analysis, IS, and IV invalid data points are set to missing, while for all other analysis invalid timestamps were imputed by average of valid values at the same time on other days of the recording as previously described 7.



Table S2. Principal component analyses: selection of the retained principal components for the metrics used in the literature.

. . . Cumulative variance
Eigenvalue Variance explained

explained
Whitehall Il
Component 1 4.03 40.3 40.3
Component 2 2.41 24.1 64.4
Component 3 1.60 16.0 80.4
Component 4 0.61 6.1 86.5
Component 5 0.50 5.0 91.5
Component 6 0.39 3.9 95.4
Component 7 0.19 1.9 97.3
Component 8 0.12 1.2 98.5
Component 9 0.09 0.9 99.4
Component 10 0.06 0.6 100.0
UK Biobank
Component 1 3.71 37.1 37.1
Component 2 2.25 22.5 59.6
Component 3 1.80 18.0 77.6
Component 4 0.66 6.6 84.2
Component 5 0.51 5.1 89.2
Component 6 0.43 4.3 93.5
Component 7 0.25 2.5 96.0
Component 8 0.20 2.0 98.1
Component 9 0.14 1.4 99.4
Component 10 0.06 0.6 100.0

Last component retained is highlighted in yellow, corresponding to the last component with an eigenvalue >1 and a cumulative variance explained
275%.



Table S3. Factors loadings of the three principal components retained in the analysis with the metrics used in the literature in the
Whitehall Il and UK Biobank accelerometer sub-studies.

PC1 PC2 PC3
Whitehall Il
Relative amplitude -0.10
Cosinor mesor -0.14
Cosinor amplitude -0.11 -0.15
Interdaily stability (IS) 0.07 0.03
Intradaily variability (IV) 0.06 -0.04
M1o mean acceleration -0.14 0.19
Ls mean acceleration -0.08 -0.02
Mo start -0.15
Ls start -0.09
Cosinor acrotime -0.11

UK Biobank

Relative amplitude
Cosinor mesor

Cosinor amplitude
Interdaily stability (IS)
Intradaily variability (IV)
M1o mean acceleration
Ls mean acceleration
Mo start

Ls start

Cosinor acrotime

Abbreviations: IG, intensity gradient; Ls, least 5 active hours; LIPA, light intensity physical activity; M1o, most active 10-hour period; MVPA, moderate to vigorous
physical activity; PC, principal component; SB, sedentary behaviour; TPar,q, transition probability from activity to rest during the day; TPr.,q, transition probability from
rest to activity during the day; TPsw,n, transition probability from sleep to wake during the night; TPwsn, transition probability from wake to sleep during the night;

WASO, wake after sleep onset.
Colour legend:

0.10 < |coef| <0.15

0.15 < |coef| < 0.20

0.20 < |coef| < 0.25

0.25 < | coef| <0.30




Table S4. Principal component analyses: selection of the retained principal components.

. . . Cumulative variance
Eigenvalue Variance explained

explained
Whitehall Il
Component 1 12.31 34.2 34.2
Component 2 5.77 16.0 50.2
Component 3 3.74 10.4 60.6
Component 4 2.86 7.9 68.5
Component 5 2.60 7.2 75.8
Component 6 1.52 4.2 80.0
Component 7 1.24 3.4 83.5
Component 8 1.09 3.0 86.5
Component 9 0.82 2.3 88.8
Component 10 0.74 2.1 90.8
UK Biobank
Component 1 11.04 30.7 30.7
Component 2 5.10 14.2 44.8
Component 3 3.69 10.2 55.1
Component 4 3.28 9.1 64.2
Component 5 291 8.1 72.3
Component 6 1.76 4.9 77.1
Component 7 1.56 4.3 81.5
Component 8 1.40 3.9 85.4
Component 9 0.86 2.4 87.8
Component 10 0.68 1.9 89.6

Last component retained is highlighted in yellow, corresponding to the last component with an eigenvalue >1 and a cumulative variance explained
275%.



Table S5. Factors loadings of the eight principal components retained in the analysis in the Whitehall Il accelerometer sub-study.

PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8
Rest-activity rhythm

Relative amplitude 0.22 0.13 000 015 022 -018 003  -0.03
Cosinor mesor 0.23 011 004 014 019 001 003 001
Cosinor amplitude 0.24 0.06 001 002 023 009 005 003
Cosinor R? 0.20 0.06 003 005 | 082 005 -007 008
Interdaily stability (IS) 0.17 0.01 010 007 -013 013  -0.09  -0.01
Intradaily variability (V) 0.19 0.00 003 001 012  -007 004 0.0
Daytime activity

SB duration 0.25 0.02 003 001 011 | -026 014  -0.07
Number of SB bouts 0.19 005  -004 [[082 o000 013 | 026 026
Mean duration of SB bouts 0.22 0.03 0.02 0.17 0.03 -0.01 -0.15 -0.21
TParg 0.23 0.01 000 014 008 -006 021 | 036
LIPA duration 0.24 005 001 026 000 00l  -005 -0.15
MVPA duration 0.23 001 003 024 017  -008 001  -0.05
Number of LIPA bouts 0.25 005  -004 022 004 010 015  0.10
Number of MVPA bouts 0.24 003  -004 007 011  -0.04  -002  -0.12
Mean duration of LIPA bouts 0.14 -0.03 004 -019 008 017 | 035 050 |
Mean duration of MVPA bouts 0.07 0.04 001 [040 | o019 013 003 015
TPrag 0.24 005 004 023 -004 002 010 019
M1o0 mean acceleration -0.26 -0.02 -0.02 0.13 0.10 -0.05 -0.04 -0.04
Acceleration during waking -0.27 -0.03 -0.04 0.09 0.10 -0.01 -0.02 0.01
IG intercept 0.17 -0.02 0.03 014 002 000  -0.15
IG slope 0.21 0.01 -0.03 - 015 001 002 009
Sleep

Sleep duration -0.01 0.27 003 010 022 | 045 -010 026
Sleep efficiency 0.03 002 006 008 006 007  -0.03
Mean duration of sleep bouts 0.01 -0.02 -0.10 0.13 -0.04 0.19
TPusn -0.04 002 001 004 -0.21
Mean acceleration during sleep 0.00 -0.09 -0.01 -0.08 0.10
Number of sleep bouts -0.01 -0.29 0.00 0.18 -0.26 0.27 0.29 -0.07
Ls mean acceleration 0.00 021 003 -015 | 043 | 023 002 003
TPown 0.00 001 011  -013 005 027  -0.16
WASO 0.03 002 010 -016 006 011 011
Mean duration of wake bouts 0.05 002 003 001 -020 | 046 024
Chronotype

Sleep onset 0.04 -0.02 007 013 024 006  -0.25
Waking time 0.04 0.01 008 018 023 011 007
Mo start 0.04 -0.03 002  -0.02 004 006 009
Ls start 0.02 0.01 002 007 002 000  -0.09
Cosinor acrotime 0.01 -0.02 -0.04 -0.03 -0.05 0.01 0.07

Abbreviations: IG, intensity gradient; Ls, least 5 active hours; LIPA, light intensity physical activity; Mio, most active 10-hour period; MVPA, moderate to vigorous
physical activity; PC, principal component; SB, sedentary behaviour; TParq, transition probability from activity to rest during the day; TPrsq, transition probability from
rest to activity during the day; TPsw,n, transition probability from sleep to wake during the night; TPwsn, transition probability from wake to sleep during the night;
WASO, wake after sleep onset.

Colour legend: 0.10 < |coef| < 0.15 0.15 < | coef| < 0.20 0.20 < |coef| < 0.25 0.25 < | coef| < 0.30 _



Table S6. Factors loadings of the eight principal components retained in the analysis in the UK Biobank accelerometer sub-study.

PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8
Rest-activity rhythm
Relative amplitude 018 013 021  -011 | 027 012  -0.09  -0.04
Cosinor mesor 024 009 020 006 015 00l 005 002
Cosinor amplitude 024 005 008 005 022 0.12 000 011
Cosinor R? 020 -005 -005 003 | 030 o011 000 012
Interdaily stability (IS) 018 001 004 007 013 001 014 020
Intradaily variability (IV) -0.20 -0.02 0.00 -0.01 -0.10 -0.01 -0.06 -0.11
Daytime activity
SB duration 027 003 001 005 005 019 020 009
Number of SB bouts 0.13 004 [1033 | o1 0.12 002  -023 | 031 |
Mean duration of SB bouts -0.22 -0.01 -0.19 -0.04 -0.10 0.09 0.04 0.23
TPar 023 001 008 0.04 0.10 000  -020 | 032 |
LIPA duration 0.21 002 | 029 0.11 011 003 012 014
MVPA duration 0.25 004 011 007 021 011 009  0.03
Number of LIPA bouts 024 005 024 007 0.03 005 015  -0.12
Number of MVPA bouts 0.26 004 002 003 012 008  -008 003
Mean duration of LIPA bouts 005 003 017 0.10 016  -013 [ 042 044
Mean duration of MVPA bouts 0.12 0.02 -0.28 -0.11 -0.26 0.09 -0.07 -0.01
TPras 0.23 0.03 024  0.06 008 008 003  -023
M1o0 mean acceleration 0.27 0.04 -0.07 -0.05 -0.15 0.09 -0.03 0.06
Acceleration during waking 0.28 0.03 -0.04 -0.05 -0.14 0.03 -0.01 -0.03
IG intercept 017 000 | 026 014 022 003 003 012
IG slope 0.22 002 020 012 021 000 000  -0.08
Sleep
Sleep duration 006  -023 015 012 011 | 037 o027 | 031 |
Sleep efficiency 0.03 0.05 003 009 006 003 000
Mean duration of sleep bouts 0.00 - 0.05 0.05 -0.08 0.21 0.26 -0.18
TPusn 004 ~ 028 002 003 -0.05 0.23
Mean acceleration during sleep -0.01 0.08 0.16 0.07 -0.08
Number of sleep bouts 002 [[031 ] o014 013 -0.01
Ls mean acceleration -0.01 0.17 0.23 0.10 0.08
TPown 0.01

-0.06 -0.06 0.09 -0.15 -0.18 0.13
WASO -0.01 -0.11 -0.08 0.14 -0.08 0.13 -0.12

Mean duration of wake bouts 004 026 0.00 0.04 003 | 040 038 0.2

Chronotype

Sleep onset -0.07 0.04 0.26 -0.12 0.22 -0.11 0.26
Waking time -0.02 -0.07 0.07 0.04 -0.17 0.21 -0.09
Mo start -0.04 -0.01 0.17 0.01 0.04 0.02 -0.05
Ls start -0.04 -0.01 0.17 -0.01 0.05 0.04 0.09
Cosinor acrotime -0.03 -0.01 0.23 0.03 0.07 -0.03 -0.07

Abbreviations: IG, intensity gradient; Ls, least active 5-hour period; LIPA, light intensity physical activity; Mio, most active 10-hour period; MVPA, moderate to
vigorous physical activity; PC, principal component; SB, sedentary behaviour; TPar,4, transition probability from activity to rest during the day; TP, transition
probability from rest to activity during the day; TPsw,,, transition probability from sleep to wake during the night; TPuwsx, transition probability from wake to sleep
during the night; WASO, wake after sleep onset.

Colour legend: 0.10 < |coef| <0.15 0.15 < | coef| <0.20 0.20 < |coef| <0.25 0.25 < | coef| <0.30 _



Table S7. Unstandardized mean (standard deviation) scores and ranking* of each metric across the circadian rhythm clusters in the Whitehall Il accelerometer sub-

study.
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7 Cluster 8 Cluster 9
Total RAR + RAR + RAR - RAR - RAR -
study RAR ++ LIPA + LIPA + MVPA ++ RAR - PA - PA - PA + RAR -
population PA+ Sleep - Sleep + Chronotype - Sleep + Sleep -- Restless sleep PA-

N (%) 3991 501 (12.6) 587 (14.7) 626 (15.7) 379 (9.5) 333(8.3) 705 (17.7) 366 (9.2) 234 (5.9) 260 (6.5)
Rest-activity rhythm

Relative amplitude 0.78(0.08) | 0.86(0.03)" 0.80(0.03)° 0.82(0.04)) 0.84(0.04¢ 0.76(0.06) 0.75(0.05)°  0.69(0.07)°  0.74(0.07)°

Cosinor mesor 2.47(0.21) | 2.72(0.12)f 2.50(0.11)¢  2.50(0.11)°  2.50(0.12)°  2.45(0.15)¢ = 2.30(0.12)° 2.38(0.14)° = 2.78 (0.14)8

Cosinor amplitude 0.84 (0.20) 1.12 (0.12)¢ 092 (0.11)f 0.93(0.11)f 0.92(0.14)f 0.76(0.12)¢ 0.72(0.10)°  0.65(0.12)° 0.83(0.15)¢

Cosinor R? 0.28 (0.09) 0.38 (0.07)¢  0.32(0.07)" 0.32(0.07)f 0.28(0.07)° 0.24(0.07)° 0.23(0.06)° 0.20(0.06)° 0.26 (0.08)"

Interdaily stability (IS) 0.53(0.12) | 0.64(0.09)' 0.56(0.09)° 0.57(0.09)° 0.53(0.10)  0.46(0.10)°  0.49 (0.10)°  0.46 (0.10)° 0.57 (0.11)°

Intradaily variability (V) 0.99 (0.25) 0.74 (0.16) 0.90(0.18)° 0.93(0.18)°  0.94(0.21)° 1.07(0.20)° = 1.11(0.21)¢ 1.14(0.22)¢  0.90 (0.20)°

Daytime activity

SB duration (hours) 12.0(1.7) 9.6 (0.9)° 11.5 (0.9)° 11.6 (0.8)° 11.6 (1.0)° 12.5 (1.1)¢ 13.2 (0.8)° 13.3 (1.3)° 10.9 (1.3)°

Number of SB bouts 71.0 (16.0) 82.5(12.4)f 78.5(12.1)°¢  78.8(10.9)¢ 65.7 (8.9)° 72.0(13.9)¢ = 61.7(10.1)° 63.9(12.2)° | 84.9(13.3)f

Mean duration of SB bouts (min) 11.1(5.2) 7.1(1.2) 9.0 (1.6)° 9.0 (1.4)° 10.8 (1.9)¢ 10.9 (2.4)¢ 13.2 (2.6)¢ 13.1 (4.1)¢ 7.9 (1.6)°

TPar,d (%) 28.9 (7.8) 20.4 (3.6)° 28.1 (4.7)° 27.5 (4.5)° 23.0 (3.9)° 30.1 (5.6)¢ 33.3(5.6)° 33.6 (5.9)° 23.5 (4.5)°

LIPA duration (hours) 3.5(1.2) 5.0 (0.8)f 3.9 (0.6)¢ 3.9 (0.6)¢ 3.2 (0.6)° 3.3(0.7)° 2.6 (0.5)° 2.7 (0.7)° 4.8 (1.0)°

MVPA duration (min) 56.0(38.4) | 108.6(37.1)8 48.1(19.1)° 54.1(21.0% 97.3(27.9)% 46.9(25.1)° 30.0(16.0)° 30.2(17.5)®> 83.8(38.5)°

Number of LIPA bouts 85.8 (21.6) | 112.5(12.6)8¢ 93.3(11.8)° 94.3(11.2)° 83.7(10.9)¢ 84.2(15.4)¢ = 69.5(10.4)®>  72.1(13.5)° 108.7 (15.4)

Number of MVPA bouts 23.2 (13.5) 43.2 (11.6)8 23.1(8.1)¢ 24.2 (8.1)¢ 29.6 (9.6)° 20.8 (9.2)° 13.4 (5.9)° 13.7 (6.7)° 35.1 (13.0)f

Mean duration of LIPA bouts (min) 2.4 (0.4) 2.7 (0.4)f 2.5(0.3)¢ 2.5 (0.3)¢ 2.3(0.3)" 2.3(0.3)° 2.3(0.3)° 2.3(0.3)° 2.6 (0.4)¢

Mean duration of MVPA bouts (min) 2.3(0.8) 2.5 (0.6)° 2.1(0.5)° 2.2 (0.5)« 3.5(1.2)f 2.2 (0.7) 2.2 (0.8) 2.1(0.7)° 2.4 (0.6)¢

TPra,a (%) 10.2 (3.2) 14.5 (2.6)f 11.5 (2.0)¢ 11.4 (1.8)¢ 9.5 (1.5)° 9.7 (2.2) 7.8 (1.4)° 8.1(1.8)° 13.2 (2.7)¢

M1o mean acceleration (mg) 39.5 (12.5) 58.1 (10.0)8 39.5 (4.6)¢ 40.7 (5.2)° 50.3 (10.9)f 35.9 (6.4)° 29.7 (3.9)° 30.1 (5.1)° 49.2 (8.5)f

Acceleration during waking (mg) 31.7 (9.4) 46.1 (7.1)f 32.0(3.6)¢ 32.6 (3.9)¢ 38.8 (7.1)¢ 29.3 (4.9)° 24.1 (2.9)° 24.6 (3.9)° 39.8 (6.5)¢

IG intercept 12.4 (0.7) 11.9 (0.5)° 12.5 (0.4)® 12.4 (0.4)¢ 11.5 (0.6)? 12.4 (0.6)% 12.6 (0.5)f 12.6 (0.6)f 12.2 (0.5)°

IG slope -2.1(0.2) -1.9 (0.1)f -2.1(0.1)¢ -2.1(0.1)¢ -1.8 (0.1)8 -2.1(0.2)¢ -2.2(0.2)° -2.2(0.2)° -2.0(0.1)°




Table S7 continued

Cluster 1

Cluster 2

Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7 Cluster 8 Cluster 9
Total RAR + RAR + RAR - RAR - RAR -
study RAR ++ LIPA + LIPA + MVPA ++ RAR - PA - PA - PA + RAR -
population PA+t Sleep - Sleep + Chronotype - Sleep + Sleep -- Restless sleep PA-

N (%) 3991 501 (12.6) 587 (14.7) 626 (15.7) 379 (9.5) 333(8.3) 705 (17.7) 366 (9.2) 234 (5.9) 260 (6.5)
Sleep

Sleep duration (hours) 6.4 (1.0) 6.7 (0.7)¢ 6.3 (0.8)° 6.6 (0.8)d 6.4 (1.0)° 6.5 (1.1)b
Sleep efficiency (%) 85.6 (7.7) 87.5 (4.9)¢ 81.3 (4.9)° 87.0 (4.5)« 86.8 (5.5)« 89.8 (3.7)° 77.4 (9.3)° 85.0 (7.2)°
Mean duration of sleep bouts (min) 40.4 (17.1) | 40.1(14.1)° 29.1 (5.9)° 37.9 (11.4)¢ 41.8 (16.4)° 29.0 (10.4)° 41.5 (16.8)°
TPuws,n (%) 16.9 (5.0) 18.3 (4.1)¢f 14.8 (3.1)¢ 17.9 (4.0)¢ 16.8 (4.5)¢ 18.8 (4.2)f 12.7 (4.1)° 15.2 (5.0)¢
Mean acceleration during sleep (mg) 4.01(1.1) 3.9 (0.7)b¢ 3.8 (0.5)%° 3.9 (0.7)% 4.1 (1.0)« 3.9 (0.9)0¢ 4.2 (1.1)¢ 4.0 (0.9)%°
Number of sleep bouts 10.8 (3.3) | 10.8(2.9)% 11.1 (2.7)¢ 10.2 (3.0)° 9.4 (2.6) 12.0 (3.3)f 10.4 (3.5)«
Ls mean acceleration (mg) 4.6 (1.3) 4.3 (0.9) 4.3 (0.7)« 4.3 (0.9)b* 4.8 (1.4)° 4.2 (0.9)° 5.4 (1.3)f 4.5 (1.1)%
TPow,n (%) 2.6 (1.0) 2.5(0.8)° 3.3(0.8)¢ 2.6 (0.8) 2.4 (0.8) 2.1(0.7) 3.6 (1.2)¢ 2.5(0.9)
WASO (min) 66.1(36.9) | 57.7(24.2)° = 87.9(25.4)° 59.4 (21.3)¢  59.2(26.9)  47.1(18.3)° 96.7 (44.0)°  70.0 (37.9)¢
Mean duration of wake bouts (min) 6.6 (2.5) 5.7 (1.3)°¢ 7.1(1.6)° 5.9 (1.4)° 6.5 (2.3)¢ 5.6 (1.4)° 8.8 (3.0)f 7.4 (2.7)¢
Chronotype

Sleep onset (hours of the day) 23.8(10) | 23.8(08) 236(07° | 236(0.7)7 237 (0.8 236(0.87°  23.8(L0F  23.8(LOf* 0.2 (1.2)°
Waking time (hours of the day) 7.4(1.0) | 7.4(0.8) 7.4 (0.8)° 7.1(0.8)° 7.2 (0.8)* 72(08)  7.3(11< | 67(L0F  7.8(1.2F
Mo start (hours of the day) 8.7 (1.2) 8.6 (1.0) 8.5 (0.8) 8.4 (1.0)°¢ 8.3 (0.9)* 8.7 (1.2)% 8.4 (1.2)%c 9.1 (1.4)¢
Ls start (hours of the day) 0.6 (1.0) 0.6 (0.8)°° 0.4 (0.8)* 0.4 (0.8)* 0.8 (1.3)°
Cosinor acrotime (hours of the day) 14.4 (1.1) 14.5 (0.9)° 14.3 (0.8)°® 14.1 (0.8)*® 14.1 (0.9)® 14.3 (1.1)b¢  14.2 (1.0)>¢  14.6(1.4)%

Abbreviations: IG, intensity gradient; Ls, least active 5-hour period; LIPA, light intensity physical activity; Mio, most active 10-hour period; mg, milligravity; min, minute; MVPA, moderate to vigorous physical activity; PA, physical activity; RAR, rest-
activity rhythm; SB, sedentary behaviour; TPar,q, transition probability from activity to rest during the day; TPra,q, transition probability from rest to activity during the day; TPsw,n, transition probability from sleep to wake during the night; TPuws,n,

transition probability from wake to sleep during the night; WASO, wake after sleep onset.

*The mean scores on each metric were ranked from 2 to " to reflect lowest to highest mean scores across the nine circadian rhythm clusters. Tukey contrast, using the non-parametric multiple test procedure, was used to ascertain differences in
ranking. The range of the ranking varied, depending on whether there were differences in ranking for the 9 clusters. When a metric has two ranks, for example the group labelled ?® the implication is that it is ranked the same as the group ? and the

group P but the rank of group 2 and group ® are different from each other.

Note: To improve readability, the result boxes are coloured from - (to represent good scores) to . (to represent poor scores).



Table S8. Unstandardized mean (standard deviation) scores and ranking® of each metric across the circadian rhythm clusters in the UK Biobank accelerometer sub-

study.
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7 Cluster 8 Cluster 9
rotal stuy AR s RAR + RAR + AR RAR - RAR - RAR - RAR --
! PA + LIPA + MVPA ++ PA - PA - PA + PA -
population PA ++ Sleep - Sleep + Chronotype - Sleep + Sleep -- Restless sleep  Chronotype -
N (%) 54,995 5793 (10.5) 6,845 (12.4) 9,411 (17.1) 7,143 (13.0) 5957(10.8) 8871(16.1) 5303(9.6)  1,859(3.4) 3,813 (6.9)
Rest-active rhythm
Relative amplitude 0.85 (0.07) 0.87(0.04f  0.88(0.04)F  0.89(0.03)" 0.84(0.05° 0.84(0.05°  0.80(0.06)
Cosinor mesor 2.44(0.23) | 2.73(0.15)" 2.57(0.14)¢  2.53(0.14)  2.39(0.14)°  2.38(0.15)° 2.34 (0.16)°
Cosinor amplitude 1.12 (0.24) 1.25(0.14) 125(0.15¥ 1.17(0.16) 106 (0.16)° 0.9 (0.15¢  0.97 (0.16)°  0.87 (0.22)°
Cosinor R 0.32(0.10) 038(0.07¢ 038(0.07)" 033(0.08)' 0.30(0.08)° 0.28(0.08)  0.27(0.08)¢
Interdaily stability (IS) 0.57 (0.12) 0.62(0.090° 0.62(0.09° 058(0.10¢ 052(0.10)° 0.53(0.10)° 0.53(0.10)°  0.53 (0.13)¢
Intradaily variability (V) 0.90 (0.23) 0.78(0.16)° 0.82(0.16)° 0.89(0.19)  0.96 (0.19)' 0.99 (0.0  0.92 (0.23)
Daytime activity
SB duration (hours) 11.3(1.9) 103 (1.1)° 103 (1)° 11.0(1.0¢  11.8(L.1F  125(L0)  12.8(1.3)F  10.8(L9)
Number of SB bouts 67.7(13.5) | 71.1(11.9)f  74.8 (11.6)¢ 58.9(8.9)°  69.4(11.6)°  62.6(10.5)°  64.8(11.3)°
Mean duration of SB bouts (min) 10.6 (3.7) 8.4 (1.5)° 8.2 (1.4)° 115(22)  105(2.1)° = 123(24F  122(26F  87(2.2)
TPars (%) 22.6 (6.2) 20.1(3.6°  21.0(3.8)¢  195(3.6)°  24.4 (447 = 263 (48fF  254(48)  20.9(5.0)
LIPA duration (hours) 3.9 (1.1) 4608 | 48(07)  33(06) 3.8 (0.7)¢ 3.3(0.6)° 3.4 (0.7)¢
MVPA duration (min) 91.5 (51.8) 112.5(35.1F  905(29.1)° 117.5(314)" 68.4(27) | 517(20.6f°  63.8(27.0 1057 (49.6)
Number of LIPA bouts 93.1(20.2) 107.2(12.6)¢ 1062 (12.0f 853 (11.0) 90.4(12.8)° = 785(11.3)° 83.0(12.8)° 107.4 (17.5)8
Number of MVPA bouts 36.1(15.8) 451(10.7)"  40.4(104)  384(9.7)°  30.8(9.5) | 236(79P  27.2(89) 426 (14.6)
Mean duration of LIPA bouts (min) 2.5 (0.4) 2.5 (0.4)¢ 2.6 (0.4)f 2.4(0.3)° 2.5 (0.4)° 2.5 (0.4)° 2.5 (0.4) 2.7 (0.6)%
Mean duration of MVPA bouts (min) 2.5(0.7) 3.1(0.7)8 2.5 (0.5) W_ 2.2(0.5)° 2.2(0.5)° 2.3(0.6)° 2.4(0.6)°
TPra,d (%) 10.7 (3.2) 12.6 (2.4)f 12.8(2.3)8 9.2 (1.6)¢ 10.1 (2.0)¢ 8.6 (1.6)° 12.7 (3.7)"
Mio mean acceleration (mg) 49.3(15.2) 56.6 (8.7)" 51.5 (6.4)° 55.3 (9.9)8 42.8 (6.4)¢ 40.5 (6.9)° 53.8 (11.8)f
Acceleration during waking (mg) 38.6 (11.4) 443 (6.1)" 41.1 (5.0)¢ 42.5 (6.8)f 34.0 (4.8)¢ 31.1 (4.8)° 43.1(9.2)8
IG intercept 12.2 (0.6) 12.1(0.4°  12.3(0.4) | 11.6(0.5)  124(04)F  125(04)  124(05)°  12.2(0.5)F
IG slope 2.0(0.2) 1.9(0.18  -20(01°  -1.8(0.1)"  -2.0(0.1)° _ 21(0.1)°  -2.0(0.1)




Table S8. Continued

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7 Cluster 8 Cluster 9
Total study RAR +4 RAR + RAR + RAR - RAR - RAR - RAR - RAR --
] PA + LIPA + MVPA ++ PA - PA - PA + PA --
population PA+t Sleep - Sleep + Chronotype - Sleep + Sleep -- Restless sleep  Chronotype -

N (%) 54,995 5,793 (10.5) 6,845(12.4) 9,411(17.1) 7,143(13.0) 5,957(10.8) 8,871(16.1) 5,303 (9.6) 1,859 (3.4) 3,813 (6.9)
Sleep
Sleep duration (hours) 6.5(1.1) 6.8 (0.8)° 6.2 (0.9) 6.8 (0.8)f 6.5 (0.9)¢ 6.8 (0.9)°f 5.9(1.2)° 5.9(1.3)°
Sleep efficiency (%) 89.9 (4.9) 91.0 (3.2)f 91.3 (2.8)¢ 90.4 (2.9)¢ 92.8 (2.4)" 90.0 (4.4)¢ 89.2 (4.5)°
Mean duration sleep bouts (min) 52.1(17.8) | 52.8(15.5)¢ = 37.2(6.5)° 54.0 (15.0)*  50.0(12.9)° 62.1(18.9)f 51.0 (15.9)°  50.2 (16.1)°
TPusn (%) 19.9 (4.9) 20.8 (4.4)f 17.1(3.1)° 20.8 (4.3)f 20.0 (4.2)° 21.4 (4.9) 19.5 (5.0)¢ 18.4 (4.8)°
Mean acceleration during sleep (mg) 3.6 (2.0) 3.4 (1.3)° 3.3(1.0)° 3.3 (1.1)°¢ 3.4 (1.1)°¢ 3.3 (1.1)k 3.5(1.2)¢ 3.8(1.7)¢
Number of sleep bouts 9.1(2.8) 9.0 (2.3)° 9.1(2.3)° 9.2 (2.2) 7.6 (2.1)° 11.9 (2.8)f 8.2 (2.5)° 8.4 (2.6)¢
Ls mean acceleration (mg) 3.9(1.9) 3.6 (1.5)° 3.9 (1.3)¢ 3.3 (1.1)*® 3.7 (1.3)¢ 3.3 (1.1)° 4.4 (1.6)f 4.2 (1.6)°
TPsw,n (%) 2.1(0.8) 2.0 (0.6)¢ 3.0(0.7)8 1.9 (0.6)° 2.1(0.6) 1.6 (0.5)° 2.1(0.8)° 2.2 (0.8)f
WASO (min) 44.1(20.6) 40.5(14.8)° = 66.5(17.7)° 40.6 (13.7)°  42.3(13.4)¢ 32.4(11.7)° 39.5(16.3)°  42.8(17.6)¢
Mean duration of wake bouts (min) 5.4 (1.5) 5.0 (1.1)° 6.1(1.3)8 5.0 (1.1)° 5.3 (1.3)¢ 4.9(1.3)° 5.5 (1.7)¢ 5.9 (1.8)f
Chronotype
Sleep onset (hours of the day) 23.9(1.1) 23.6 (0.9)° 23.7 (1.0) 23.7 (0.7)¢ 23.6 (0.8)° 0.0 (1.1)¢ 0.4 (1.3)f 0.7 (1.4)8
Waking time (hours of the day) 7.1(1.1) 7.0 (0.9)° 6.9 (1.0)° 7.1(0.8)° 7.2 (0.9)¢ 6.9 (1.0)° 6.9 (1.2)° 7.3 (1.4)
Mo start (hours of the day) 8.6 (1.1) 8.4 (1.0)°c 8.4 (1.0)° 8.4 (0.9)° 8.4 (0.9)° 8.4 (1.0) 8.6 (1.2)¢ 9.1(1.3)¢
Ls start (hours of the day) 1.0 (1.1) 0.8 (0.9)° 0.8 (1.0)°c 0.9 (0.8) 0.8 (0.9)° 0.9 (1.1) 0.9 (1.5)¢ 1.5 (1.4)¢
Cosinor acrotime (hours of the day) 14.5 (1.0) 14.4 (0.9)° 14.4 (0.9)° 14.4 (0.7)¢ 14.2 (0.9)° 14.4 (1.4)« 14.8 (1.3)¢

Abbreviations: IG, intensity gradient; Ls, least active 5-hour period; LIPA, light intensity physical activity; Mio, most active 10-hour period; mg, milligravity; min, minute; MVPA, moderate to vigorous physical activity; PA, physical activity; RAR, rest-
activity rhythm; SB, sedentary behaviour; TPar,q, transition probability from activity to rest during the day; TPr.,q, transition probability from rest to activity during the day; TPsw,n, transition probability from sleep to wake during the night; TPws,n,

transition probability from wake to sleep during the night; WASO, wake after sleep onset.

*The mean scores on each metric were ranked from 2 to ' to reflect lowest to highest mean scores across the nine circadian rhythm clusters. Post-hoc Tukey test with ANOVA was used to ascertain differences in ranking. The range of the ranking
varied, depending on whether there were differences in ranking for the 9 clusters. When a metric has two ranks, for example the group labelled ?® the implication is that it is ranked the same as the group 2 and the group ®but the rank of group  and

group  are different from each other.

Note: To improve readability, the result boxes are coloured from - (to represent good scores) to . (to represent poor scores).



Table S9. Subjective chronotype preference prevalence in the identified circadian rhythm clusters in the UK Biobank accelerometer sub-study.

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7 Cluster 8 Cluster 9
Total study RAR + RAR + RAR - RAR - RAR - RAR —
population RAR ++ RAR -
PA + LIPA + MVPA ++ PA - PA - PA + PA --
PA ++ Chronotype --
Sleep - Sleep + Sleep + Sleep -- Restless sleep  Chronotype -

N (%) 46,428 4,922 (10.6)  5,855(12.6) 7,997 (17.2) 6,036 (13.0) 4,960 (10.7)  7,471(16.1)  4,446(9.6) 1,594 (3.4) 3,147 (6.8)
Chronotype preference, N (%)?
Definitely a morning person 12,645 (27.2)  1653(33.6)  1816(31.0) 2197 (27.4)  1855(30.7)  573(11.6)  2215(29.6)  1298(29.2)  423(26.5) 615 (19.5)
g/tle(::;: morning than evening 10 4o 359)  2001(40.7) 2378 (40.6) 3343 (41.8)  2540(42.1)  1335(269) 3086 (41.3)  1782(40.1)  584(36.6) 1006 (32.0)
2’;5:“ eveningthanamoming 11 9/ (557)  1020(207)  1358(23.2)  1977(247)  1358(22.4)  1964(39.6)  1748(23.4)  1054(237)  441(27.7) 1020 (32.4)
Definitely an evening person 3,788 (8.2) 248 (5.0) 303 (5.2) 480 (6.0) 283 (4.7) 1088 (21.9) 422 (5.6) 312 (7.0) 146 (9.2) 506 (16.1)

Abbreviations: LIPA, light intensity physical activity; MVPA, moderate to vigorous physical activity; PA, physical activity; RAR, rest-active rhythm.

5,079 NAs for the variable chronotype preference.
aPercentage of the category for the column.
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Table S10. Distribution of shift work in the identified clusters in the UK Biobank accelerometer sub-study.

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7 Cluster 8 Cluster 9
Total st RAR + RAR + RAR - RAR - RAR - -
otal study RAR ++ RAR - RAR
population PA + LIPA + MVPA ++ PA - PA - PA + PA --
PA ++ Chronotype --
Sleep - Sleep + Sleep + Sleep -- Restless sleep Chronotype -
Job involving shift work (%)
No 30,026 (87.1) 3,144 (86.3) 3,578(85.8) 5,055(88.1) 4,268 (87.4) 3,292(89.1) 5,025(87.4) 2,813 (85.7) 914 (87.0) 1,937 (85.5)
Yes 4,441 (12.9) 498 (13.7) 593 (14.2) 680 (11.9) 613 (12.6) 403 (10.9) 722 (12.6) 468 (14.3) 136 (13.0) 328 (14.5)

Abbreviations: LIPA, light intensity physical activity; MVPA, moderate to vigorous physical activity; PA, physical activity; RAR, rest-active rhythm.
20,528 NAs for the variable shift work.
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Figure S1. Flow-chart of sample selection in the Whitehall Il accelerometer sub-study.

First study wave 1985-1988
N = 10,308

| —

Study wave 2012-2013
N = 6,308

[

Invited to accelerometer sub-study
N = 4,880

| —

N = 4,492

—

No contraindications
N =4,282

[———

Returned accelerometers
N =4,267

Withdrawn, died, or lost to follow-up
N = 4,000

Not invited to accelerometer sub-study
due to their place of residence
N=1,428

Did not consent to the accelerometer
sub-study
N =388

Contraindications:
Allergy to plastic ar metal (n = 40)
Travelling abroad (n = 168)
Other reasons (n = 2)

N=210

Accelerometer lost in the post
N=15

—

Valid accelerometer data*
N = 3,996

—

Analytical sample for derivation of
circadian rhythm clusters
N =3,991

[

Analytical sample for the study of )
individuals factors associated with
the identified circadian rhythm
clusters
N = 3,968

|
|
|
|
|
|

/

-

Abbreviations: ADL, activity of daily living.

J

*Corresponds to 5 valid days defined as both wear times during waking period and the following sleep period >2/3 of the respective periods.

Invalid accelerometer data
N=271

Extreme outliers
N=5

Missing value on covariates
Ethnicity (n = 5)
Deprivationindex (n = 14)
Hyperlipidaemia (n = 4)

N =123

: Dataset used in clustering analyses

D : Dataset used in association analyses
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Figure S2. Flow-chart of sample selection in the UK Biobank accelerometer sub-study.

Available accelerometer data
N =103,278

b

Age >60 years
N =60,920

—

Valid accelerometer data*
N =55,018

[

Analytical sample for derivation of
circadian rhythm clusters
N =54,995

| ——

4 Analytical sample for the study of )
individuals factors associated with
the identified circadian rhythm
clusters
N=51,507

Not meeting age criteria:
Missing age (n = 6,540)
Age <60 years (n = 35,818)

N =42,358

Invalid accelerometer data:
Devices had calibration issues (n = 454)
Significant non-wear time (n = 5,448)
N =5,902

Extreme outliers
N=23

Missing data on covariates
Cohabitation status (n =1,176)
Professional activity status (n = 307)
Townsend deprivation index (n = 51)
Time spent outdoors (n = 1,954)

N = 3,488

: Dataset used in clustering analyses

| | : Dataset used in association analyses

. J

*Corresponds to 5 valid days defined as both wear times during sleep period and the following waking period >2/3 of the respective periods.

18



Figure S3. Work-flow of the statistical analysis for clusters identification
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Figure S4. Statistical criteria results for the clustering solutions with K (number of clusters) between 4 and 12 in Whitehall Il

(n=3,991).
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Figure S5. Statistical criteria results for the clustering solutions with K (number of clusters) between 4 and 12 in UK Biobank

(n=54.995).

statistical tool, leading to further insight to interpretability of the clusters.
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Figure S6. lllustration of acceleration signals for typical profiles for the nine clusters identified in the Whitehall Il accelerometer sub-study.
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Abbreviations: ENMO, Euclidean norm minus one; LIPA, light intensity physical activity; mg, milligravity; MVPA, moderate to vigorous physical activity; PA, physical activity; RAR, rest-activity rhythm.

Acceleration signal of the medoid (median) individual for the nine clusters over the observation period. Horizontal
corresponds to 100 mg, threshold of transition between LIPA and MVPA. Vertical grey dotted lines correspond to midnight time for each day.
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Figure S7. lllustration of acceleration signals for typical profiles for the nine clusters identified in the UK Biobank accelerometer sub-study.
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Abbreviations: ENMO, Euclidean norm minus one; LIPA, light intensity physical activity; mg, milligravity; MVPA, moderate to vigorous physical activity; PA, physical activity; RAR, rest-activity rhythm.
Acceleration signal of the medoid (median) individual for the nine clusters over the observation period. Horizontal corresponds to 40 mg, threshold of transition between sedentary behaviour and LIPA. Horizontal
corresponds to 100 mg, threshold of transition between LIPA and MVPA. Vertical grey dotted lines correspond to midnight time for each day.
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