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Evaluation of circadian rhythms in depression by using actigraphy: a systematic review
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[Abstract] Objective:To systematically review the effectiveness of actigraphy on the evaluation of circadian rhythm
characteristics in patients with depression. Methods- A systematic literature search was conducted in PubMed, Embase, Web of
Science, Cochrane Library, PsycINFO, CNKI, WanFang Data, and Chinese biomedical literature database (CBM), from the
inception of each database to May 5th, 2023. Case control studies that used actigraphy to evaluate circadian rhythms in patients with
depression and compared them with healthy controls were collected. Literature was screened according to the inclusion and
exclusion criteria, and the quality of the included literature was evaluated by using the Newcastle-Ottawa Scale. The meta-analysis
was performed by using RevMan 5.4 software. Results*A total of 9 articles were included, including 390 patients with depression
and 288 healthy controls. The meta-analysis showed that the MESOR (midline statistic of rhythm) (SMD=-0.29, 95% CI -0.51 —
-0.07, P=0.009) of the circadian cosine function in patients with depression was lower than that in healthy controls; sleep onset
(MD=33.06, 95% CI 14.90 — 51.23, P=0.000) and sleep offset (MD=53.80, 95% CI 22.38 — 85.23, P=0.000) were later in patients
with depression than those in healthy controls; no statistical difference was found in the activity level of the most active 10 hours
(SMD=-0.26, 95% CI -0.52 — 0.01, P=0.060) between patients with depression and healthy controls, although there was a trend for
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lower activity in patients with depression; no statistical difference was found in the acrophase (MD=25.33, 95% CI —12.41 — 63.06,
P=0.190) of the circadian cosine function between patients with depression and healthy controls; no clear statistical significance of
the difference was found in the amplitude (SMD=-0.14, 95% CI -0.42 — 0.14, P=0.340) and the activity level of the least active 5
hours (SMD=0.31, 95% CI -0.10 — 0.71, P=0.140) between patients with depression and healthy controls. Conclusion-Actigraphy
can reflect circadian rhythm disruption in patients with depression to some extent, but the limited number of included studies and

inconsistencies in the study populations and methodologies have affected the quality and results of the analyses. More high-quality

clinical trials are needed to provide evidence.
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Identification of studies via databases and registers

Records identified from
databases (n=1 660):
PubMed (n=304), Embase
(n=485), Web of Science
(n=446), Cochrane Library
(n=42), PsycINFO (n=367),
CNKI (n=8), WanFang (n=7),
CBM (n=1)

Records removed before screening:
duplicate records removed (#=756)

Records screened (n=904)

Reports sought for retrieval (n=66)

Reports assessed for eligibility (n=66)

Included

Studies included in review (n=9),
reports of included studies (n=9)

Fig1 Literature screening flowchart
FR1 MNTEEERFFE
Tab 1 Basic characteristics of the included studies
Depression
R h
Study esearc Sarmple Sex
area i Age/year (male/
size/n
female)/n
ROBILLARD, .
Australia 135 20.0+4.4 47/88
20157
MERIKANTO, N
Finland 8 16.0£1.1 8/0
2017
SLYEPCHENKO,
) Canada 38 39(22.75)  13/25
2019
MINAEVA, The 58 52.34+10.59  22/36
20202 Netherlands ' ’
PYE, 2021°"  Australia 27 62.7+8.1 8/19
TONON,
- Brazil 39 16.1+0.7 19/20
2022
ROBILLARD, .
” Australia 46 20.1+4.7 17/29
2013

http://xuebao.shsmu.edu.cn

» Records excluded (n=838)
N Reports not retrieved (n=0)
Reports excluded (n=57):
7| diagnosis of depression by non-specialist psychiatrist (n=1),
no healthy controls (n=25),
no comparative data between patients with depression and
healthy controls (n=2),
no independent analyses of the depression group (n=10),
unable to extract valid circadian rhythm variables (n=18),
using the same dataset (n=1)
Control Actigraphy
. . Sex .
Diagnostic ~ Sample Wearing
T . Agel/year (male/ Instrument model .
criteria size/n time/d
female)/n
Actiwatch-64/L/2,
DSM 41 25.3£5.8 19/22 . o 4-22
Philips Respironics
Actiwatch-Plus®,
K-SADS- Cambrid
9 160:07 9/0 Ambese 23
PL Neurotechnology
Ltd, Cambridge, UK
MINI 40 30 (20) 20/20  Actiwatch 2 monitor 15
GENEActiv
CIDI 63 51.94+12.05  34/29 . 14
actigraphy
Respironics
MINI 47 63.1+8.1 19/28 . 14
Actiwatch Spectrum
K-SADS-PL 26 15.4+0.8 16/10 ActTrust Condor 10
Actiwatch64, Philips
DSM-1V 20 24.8+2.5 8/12 7

Respironics, OR

Outcome

OB®

006)

0)6)
@

V)6)

0)6)
@e©

Qe®
®eO

©O

LSRR (0, 2004, 44(5) (@)
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Depression
Research Se.
Study Sample * Diagnostic
area . Agelyear (male/ T
size/n criteria
female)/n
ROBILLARD, .
201824 Australia 35 21.1+2.9 14/21 DSM-1V
MCGLASHAN, . DSM-IV-
25] Australia 8 24.25+2.12 0/8
2019 TR

Control

Sampl
a.mp ¢ Agel/year
size/n

15 24.3+3.4

31 21.19+2.65

Note: Damplitude, @MESOR, 3acrophase, @M10, GL5, ©sleep onset, Dsleep offset.

2.3 AN TR I o e oF

HAE NOS fit X9 A SCHRBEAT B PEARY, o
4Iﬁm§§ [21-23,25] 1:5}%%7 6% , 2@?5}1:5{ [19,24] 1;5}%%7
R2 MAXHEHKREITMER

Tab 2 Quality assessment of the included studies

Selection
Study
@ ©) ® @
ROBILLARD, 2015""" 1 1 1 1
MERIKANTO, 2017 1 1 1 1
SLYEPCHENKO, 2019 0 1 1 1
MINAEVA, 2020 0 1 1 1
PYE, 2021"" 0 1 0 1
TONON, 2022 0 1 1 1
ROBILLARD, 2013 1 1 0 0
ROBILLARD, 20182 0 1 1 1
MCGLASHAN, 2019%* 0 0 1 1

Note: The quality assessment was conducted by using NOS.

2.4 rbrai

241 fRiF A SWIRFSE Y, 445 262 44 0 ARE
B 196 A XTI, BT 2RI, 4585
TN TIVAISAE R85 g B X BEAR i Mt 7] 22 S TE e 1124 3 S

755, 23T |
977,
Comparability
) ©)
1 1
1 1
1 1
1 1
1 0
0 1
0 1
0 1
0 1

2024, 44(5)

Continued Tab

Actigraphy Outcome
Sex .
Wearing
(male/ Instrument model .
time/d
female)/n
Actiwatch64/L/2,
Philips Respironics,
7/8 USA or 12 @D
GENEActiv,
Activinsights, UK
Actiwatch
Spectrum, PLUS,
0/31  PRO, 2 or L, Philips 7 ©D

Respironics, OR,
USA

18200 g5 Aol 8 4%, 1IREST 1T 4540k

ANASCHR A B PR AR I 2.

Outcome )
D ) ® Quality score
1 1 1 9
1 1 0 8
1 1 0 7
1 1 1 8
1 1 1 6
1 1 0 6
1 1 1 6
1 1 1 7
1 1 1 6

(SMD=-0.14, 95% CI -0.42~0.14, P=0.340), H.7J
REAFE SR S e (=743, df=4, P=0.110,
P=46%), WK 2,

Depression Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Merikanto 2017 18731 4745 8 22236 5361 9 7.0% —0.65[-1.64, 0.33]
Minaeva 2020 0.02 0.007 58 0.022 0.006 63 26.2% —0.31[-0.66,0.05] =
Pye 2021 7028 21 27 79.92 24 47  19.8% —0.42[-0.89, 0.06] = i
Robillard 2015 1.92 0.73 135 .72 1.72 41  26.8% 0.19[-0.16, 0.54] 1"
Slyepchenko 2019 1474 499 34 1428 49.7 36 202% 0.09[-0.38, 0.56] =
Total (95% CI) 262 196 100.0% -0.14 [-0.42, 0.14] -
Heterogeneity: Tau’=0.05; Chi’>=7.43, df=4 (P=0.110); ’=46% 12 _’1 0 1 2

Test for overall effect: Z=0.96 (P=0.340)

2 IRIBHY meta 53 T AR MK
Fig 2 Forest plot of amplitude
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WINRELF
2.4.2 MESOR H:A7 41iffFgs 2, 41584 -0.29, 95% CI -0.51~-0.07, P=0.009) , H J&
ARAE AR F AN 172 Z A HE IR, LA T 24Pl &5 W & Bk (=224, dF=3, P=0.520, P=0) ,
FW R AR AE B E B BN TR XS B (SMD= WAL 3,
Depression Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Minaeva 2020 0.024 0.007 58 0.027 0.006 63 37.1% -0.46[-0.82,-0.10] —

Pye 2021 80 23 27 88.1 27 47 21.4% —0.31[-0.79,0.16] I

Slyepchenko 2019 1989 S5l1.1 34 2127 525 36 21.9% —0.26[-0.73,0.21] -

Tonon 2022 2821.6 746.6 3928163 5758 26 19.7% 0.01 [-0.49, 0.50] -1

Total (95% CI) 158 172 100.0% —0.29 [-0.51,-0.07] 2

Heterogeneity: Tau’=0.00; Chi’*=2.24, df=3 (P=0.520); ’=0 _’2 _’1 o '1 '2

Test for overall effect: Z=2.61 (P=0.009)

E3 MESOR HJ meta 43> #7 ZR #k &

Fig 3 Forest plot of MESOR

2.4.3 WM AT SRS 1R, A% 293 44
TIARAE £8 5 F1 213 24 (T IR, LU T 2 2 e AH
fro Horp 3TUgT 7202 (4145 232 £ JARAE 2
130 A fd FEXTIE) BN A meta 34T 45 5 {8 /s A AE
AE R 5 XoF LAY 0 {0 AF A7 [R] 22 S JC e 3 X

Higher in control Higher in depression

(MD=25.33, 95% CI —12.41~63.06, P=0.190), H.7AJ
REfFTE P SR B S (°=3.62, df=2, P=0.160,
P=45%), WK 4, FEE, 5205 " B2 4
R A (LA 7 7] 2 S T e 247

Depression Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Minaeva 2020 885.42 67.32 58 876.24 55.08 63 56.2% 9.18[-12.85,31.21] -
Robillard 2015 946 262 135 858 211 41 17.4% 88.00[9.74, 166.26] N
Tonon 2022 968.33 11545 39 950 117.65 26  26.3% 18.33 [-39.62, 76.28] "
Total (95% CI) 232 130 100.0% 25.33 [-12.41, 63.06] >
Het ity: Tau’=533.04; Chi*=3.62, df=2 (P=0.160); ’=45% ' t t i
Corsemery o ) 2 ) ° =200  -100 0 100 200

Test for overall effect: Z=1.32 (P=0.190)

B4 IEEHBAA meta 53 HTERRE

Fig4 Forest plot of acrophase

2.4.4 MI0 A 4TEEGE I 445 108 4441
ARAE S F 118 A4 (R HEXS IR, LR T 2 A M10, 45
S0 R AVARIE H R 3 X BR A MLO [] 22 5 TE e 1

Higher in control Higher in depression

B, ABAPARIE B 16 Sl AT /N TR R
(SMD=-0.26, 95% CI -0.52~0.01, P=0.060), H JCH]
WSEYE (#=1.80, d=3, P=0.610, F=0), VLKI5,

Depression Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Minaeva 2017 20049 4884 8 23851 5446 9 7.3%  -0.70 [-1.68, 0.29] -
Pye 2021 128 38 27 145 44 47  31.3% —0.40 [-0.88, 0.08] —
Slyepchenko 2019 3173 80.8 34 3222 71 36 32.5%  —0.06 [0.53,0.41] —
Tonon 2022 43512 11056 39 4560.6 904.7 26 28.9% -0.20[-0.70, 0.30] e
Total (95% CI) 108 118 100.0%  -0.26 [-0.52, 0.01] -
Heterogeneity: Tau’=0.00; Chi’=1.80, df=3 (P=0.610); P=0 _’2 _’1 0 '1 '2

Test for overall effect: Z=1.87 (P=0.060)

E5 M10H) meta 43 H7 Zx k=

Fig5 Forest plot of activity during the 10 most active hours
245 L5 A 4mpFgy N2 404 108 4 AR
E R 118 A AEFEXTIR, AR T 241 LS. 450
FNAARAE 5 gt Fe X BE Y LS [R] 22 5 o4t 122 7 L
(SMD=0.31, 95% CI -0.10~0.71, P=0.140), HWJfE
FEAE SR B s s e I 2 L (=624, df=3,
P=0.100, P=52%), WK 6.

2.4.6 ABERIE]  HHA 6 WS VA 445290 44

http://xuebao.shsmu.edu.cn

Higher in control Higher in depression

PIABAE F8 5 F1 180 44 (X IR, R T 2 41 B A B IS
[B] o 285 5 08 7 AR AE A8 5 1A A HSF 1) B T it 3 X it
(MD=33.06, 95% CI 14.90~51.23, P=0.000), H. 7]
AETCHA W 5 oM sl A e P SRR FE A S Bt (,°=7.16,
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Depression Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Merikanto 2017 1318 589 8 1674 1417 9 13.1% -0.30[-1.26,0.66]
Pye 2021 9.19 6.8 27 639 33 47 292% 0.5710.09, 1.05] . —
Slyepchenko 2019 255 231 34 258 287 36 299% —0.01[-0.48,0.46] B
Tonon 2022 44243 336.8 39 254.07 173.57 26 27.8% 0.66 [0.15, 1.17] . —
Total (95% CI) 108 118 100.0% 0.31 [-0.10, 0.71] e
Heterogeneity: Tau’=0.09; Chi’=6.24, df=3 (P=0.100); I’=52% _’2 _’1 0 i 2’

Test for overall effect: Z=1.48 (P=0.140)
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Fig 6 Forest plot of activity during the 5 least active hours

Higher in control Higher in depression

Depression Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
McGlashan 2019 1438 45 8 1393 65 31 15.8%  45.00[6.32, 83.68] . E—
Pye 2021 1371 66 27 1370 58 47 222% 1.00[-28.91,30.91] —
Robillard 2013 1 445 88 46 1414 67 20 15.7% 31.00[-7.84, 69.84] T
Robillard 2015 1 445 93 135 1398 75 41 242% 47.00[19.19, 74.81] —
Robillard 2018 1514 119 35 1453 55 15 11.3% 61.00[12.74, 109.26] —
Tonon 2022 1522 104 39 1498 98 26 10.7% 24.00 [-25.84, 73.84] - -
Total (95% CI) 290 180 100.0%  33.06 [14.90, 51.23] -

Heterogeneity: Tau’=153.62; Chi>=7.16, df=5 (P=0.210); P=30%
Test for overall effect: Z=3.57 (P=0.000)
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Fig 7 Forest plot of sleep onset
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T KBS I (£=20.73, df=5, P=0.000, I=

76%), WS,

Depression Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
McGlashan 2019 473 64 8 438 61 31 14.8% 35.00([-14.27,84.27] —
Pye 2021 451 65 27 430 42 47 19.7%  21.00[-6.30, 48.30] T
Robillard 2013 534 88 46 452 62 20 17.5% 82.00[44.78, 119.22] —_—
Robillard 2015 532 94 135 459 61 41 20.3%  73.00 [48.50, 97.50] —
Robillard 2018 589 121 35 474 65 15 14.2% 115.00 [63.14, 166.86] e
Tonon 2022 525 131 39 533 98 26 13.4% —8.00[-63.76,47.76] I
Total (95% CI) . 290 1820 100.0%  53.80 [22.38, 85.23] -

o _ . Chil— — . P=T760 k t t d

Heterogeneity: Tau’=1 107.83; Chi*=20.73, df=5 (P=0.000); I'=76% 200 100 0 100 200

Test for overall effect: Z=3.36 (P=0.000)
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Fig 8 Forest plot of sleep offset
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A
Depression Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Merikanto 2017 18731 4745 8 22236 5361 9 6.3% —0.65[-1.64, 0.33]
Minaeva 2020 0.02 0.007 58 0.022 0.006 63 42.3% -0.31[-0.66,0.05] L
Pye 2021 7028 21 27 79.92 24 47  252% -0.42[-0.89, 0.06] = i
Robillard 2015 1.92 0.73 135 .72 1.72 41 0.0% 0.19 [-0.16, 0.54]
Slyepchenko 2019 147.4 499 34 1428 497 36 262% 0.09[-0.38,0.56] =
Total (95% CI) 127 155 100.0% —0.25 [-0.50, -0.00] ) - . )
Heterogeneity: Tau’=0.01; Chi’=3.24, df=3 (P=0.360); ’=7% *'2 7’1 0 '1 2’
Test for overall effect: Z=1.97 (P=0.050) Higher in control Higher in depression
. . . B
Depression Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Merikanto 2017 1318 589 8 1674 1417 9 16.7% -0.30[-1.26, 0.66]
Pye 2021 9.19 6.8 27 639 33 47 429% 0.57[0.09, 1.05] —
Slyepchenko 2019 255 231 34 258 287 36  0.0% -0.01[-0.48,0.46]
Tonon 2022 44243 336.8 39 254.07 173.57 26 40.4% 0.66 [0.15, 1.17] —
Total (95% CI) 74 82 100.0% 0.46 [0.02, 0.89] i
Heterogeneity: Tau’=0.05; Chi’=3.14, df=2 (P=0.210); I’=36% _’2 _’1 0 '1 2'
Test for overall effect: Z=2.07 (P=0.040) Higher in control - Higher in depression
C

Depression Control
Study or Subgroup Mean SD Total Mean

Std. Mean Difference

SD Total Weight 1V, Fixed, 95% CI

Std. Mean Difference
1V, Fixed, 95% CI

Merikanto 2017 1318 589 8 1674 1417 9 7.9%
Pye 2021 9.19 6.8 27  6.39 33 47 31.2%
Slyepchenko 2019 255 231 34 258 287 36 33.0%
Tonon 2022 44243 336.8 39 254.07 173.57 26 27.9%
Total (95% CI) 108 118 100.0%

Heterogeneity: Chi’=6.24, df=3 (P=0.100); P=52%
Test for overall effect: Z=2.42 (P=0.020)

-0.30 [1.26, 0.66]
0.57 [0.09, 1.05] —a
-0.01 [-0.48, 0.46] —
0.66 [0.15, 1.17] —_—
0.33 [0.06, 0.60] -
) -1 0 1 2

Higher in control Higher in depression

Note: A. Forest plot for sensitivity analysis of amplitude. B. Forest plot for sensitivity analysis of L5 (excluding studies). C. Forest plot for sensitivity analysis

of L5 (changing statistical models).
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Fig 9 Forest plot for sensitivity analysis
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