
Introduction

HalbergChronobiologyCenter.umn.edu

Chronomics, and the study of biological rhythms is a rapidly growing area of 
research.  As the biological sciences embrace the impact of biological 
oscillators, and the vast network modulating genetic, molecular, physiological, 
and behavioral rhythms, there is increasing need for accessible tools to 
characterize rhythmicity.  CATkit, an R package, provides rhythmic analysis, in 
exploratory and quantitative terms.  It is free and ports to most platforms.
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Features of a Chronomics Analysis Toolkit (CATkit) 

 

 

 

  

CAT Visualization & Quantitative Tools

There are few current packages providing an integrated suite of 
functions for rhythm analysis.  A freely available, cross platform 
solution such as CATkit allows broader accessibility to key rhythm 
analysis tools. z.umn.edu/CATkit

Visual Assessment 

• Actogram
• Smoothing
• Autocorrelation
• Crosscorrelation
• Periodogram by FFT
Only equidistant data

Quantitative Assessment

• Single-component cosinor
• Multiple-component cosinor  
• Least squares spectrum
• Serial section cosinor
• Gliding spectrum

Conclusion
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Green dots = S.E. standard error

June 25 15:30 flight 
12 hours 

July 9 14:25 flight 
13.5 hours 

7 hour  
shift 
east 
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Time ( hour ) from reference date:  2000−12−31

Periods: 6.00  to  168.00 hour ; harmonic increment: 0.5 cycles
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Angina pectoris incidence by time of day and week
14 years of data stacked over 1 week
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Time ( hour ) from reference date:  2000−12−31

Periods: 6.00  to  168.00 hour ; harmonic increment: 0.5 cycles
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Least Squares Spectrum by Cosinor

Figure 1: Raw 
data.  Ambulance 
calls for angina 
pectoris in Khanty, 
Siberia, over 14 
years.  Wrapped 
over one week, 
Sunday to Saturday, 
in order to 
investigate weekly 
trends.

Figure 2:  Results 
from spectral 
analysis to identify 
periodic compon-
ents contributing 
most to the overall 
variance.  Two 
periods show 
strongly:  24 and 
12 hours.

Figure 3 :A 
multiple-compon-
ent model, built 
with both 24- and 
12-hr cosines.  
Numeric results 
are provided  from 
which conclusions 
can be derived 
regarding extent of 
predictable var-
iation and timing of 
maxima/minima

Start time: 200012310000 ;    End time: 200101062100

Each Period from multiple−component COSINOR: Column 2

Interval Period P PR Mesor s.e. Amp s.e. Phi s.e.

Function: India−plex−multi    I20−plex2.csv ; TimeCol= 3  Ycol= 2  RefDateTime= 0
P 1    noTaper    −−12Nov15−−12−15−07  Units= hour  Interval= 168  Increment= 168  header= TRUE  Set= c(24, 12)

0  −  167.000 24.00 0.000 48.639 126.05357 1.79548 33.7152 2.53919 −280.256 4.315120  −  167.000

0  −  167.000 12.00 4.55e−15 37.291 126.05357 1.79548 29.5211 2.53919 −353.958 4.928170  −  167.000

60
80

10
0

12
0

14
0

16
0

18
0

Multi−component model: c(24, 12)

Time (hours): Reference Time 200012310000 −  200101010000 ( 1 − 24.00 )    o 06:04 , b 22:52 , o 91 b 343
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Multiple-component cosinor

Transatlantic flight shifts circadian activity rhythm
Figure 9: Activity data 
collected over a month, 
before, during and after a 
transatlantic shift in time 
zones of 7 hours. Boxes 
delineate transatlantic 
flights where shifts in 
phase are to be expected.   

Figure 10: Because it is 
non-stationary, 
subsections of data are 
progressively analyzed and 
plotted to show the 
change over time of 
MESOR,  Ampli-tude, 
Phase and P-value over 
time.   A multiple-
component cosinor of 24 
and 12 hours was used.  
Only the 24-hr compon-
ent is shown.  A 7-hour 
phase shift is evident.

Multiple-component cosinor:  12-hr component

Multiple-component cosinor:  24-hr component

Figure 11: This is the 
same treatment as Figure 
10, but only the 12-hr 
component is shown.  A 
shift in phase of 7 hours is 
also evident here.  It 
appears larger because the 
period is smaller.  P-values 
are shown in lower plot.  

Multiple-component cosinor model
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Start time: 201106060745 ;    End time: 201106130730

Each Period from multiple−component COSINOR: Column 4

Interval Period P PR Mesor s.e. Amp s.e. Phi s.e.

Function: India−Mult2    AHav007.csv ; TimeCol= 2  Ycol= 4  RefDateTime= 0
P 1    noTaper    −−09Nov15−−11−18−13  Units= hour  Interval= 192  Increment= 192  header= FALSE  Set= c(24, 12)

0  −  191.000 24.00 0.000 29.568 121.74419 0.98695 14.5325 1.4507 −242.291 5.176750  −  191.000

0  −  191.000 12.00 6.37e−06 6.7721 121.74419 0.98695 5.52951 1.36962 −317.053 13.70960  −  191.000
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Multi−component model: c(24, 12)

Time (hours): Reference Time 201106060000 −  201106070000 ( 1 − 24.00 )    o 04:28 , b 13:04 , o 67 b 196
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7.75 19.75 31.75 43.75 55.75 67.75 79.75 91.75 103.8 115.8 127.8 139.8 151.8 163.8

SBP variation over 7 days: 24 & 12 hours Figure 4:  Two cosine 
curves, of 24 and 12 
hours, are fitted to 
one week of data, 
Sunday to Saturday. 
Forty to fifty meas-
urements were taken 
daily.  One full cycle is 
shown in the red box.  
Seven full compound 
cycles can be seen in 
the 7-day plot. SD of 
7-day MESOR of SBP 
is 6.7 mmHg.
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SBP variation on days 4 & 6:  24 & 12 hours

Start time: 201106090001 ;    End time: 201106092300

Each Period from multiple−component COSINOR: Column 4

Interval Period P PR Mesor s.e. Amp s.e. Phi s.e.

Function: India−SS2    AHav007d.txt ; TimeCol= 2  Ycol= 4  RefDateTime= 0
P 1    noTaper    −−17Nov15−−22−41−23  Units= hour  Interval= 24  Increment= 24  header= FALSE  Set= c(24, 12)

0  −  23.000 24.00 8.9e−06 48.885 128.39826 3.12653 24.1654 4.35495 −243.374 10.37670  −  23.000

0  −  23.000 12.00 0.218 4.664 128.39826 3.12653 4.18008 4.24655 −178.122 57.68630  −  23.000
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Time (hours): Reference Time 201106090000 −  201106100000 ( 1 − 24.00 )    o 02:56 , b 17:00 , o 44 b 255
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Start time: 201106110000 ;    End time: 201106120000

Each Period from multiple−component COSINOR: Column 4

Interval Period P PR Mesor s.e. Amp s.e. Phi s.e.

Function: India07f−SS2    AHav007f.txt ; TimeCol= 2  Ycol= 4  RefDateTime= 0
P 1    noTaper    −−17Nov15−−18−47−51  Units= hour  Interval= 48  Increment= 48  header= FALSE  Set= c(24, 12)

0  −  47.000 24.00 5.04e−07 44.644 118.52627 1.55314 14.9341 2.28868 −242.462 8.019780  −  47.000

0  −  47.000 12.00 1.11e−06 41.167 118.52627 1.55314 13.2676 2.17325 −301.977 9.223320  −  47.000

90
100

110
120

130
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Multi−component model: c(24, 12)

Time (hours): Reference Time 201106110000 −  201106120000 ( 1 − 24.00 )    o 04:08 , b 21:04 , o 62 b 316
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0 4 8 12 16 20 24

ß155

ß90

Notice that the multiple-component model conforms nicely to the structure 
of the data. Multiple-component cosinor models can comprise any number of 
frequencies,  and combine to produce complex waveform models.

Figure 5:  Days 4 and 6 
are here fitted separately, 
instead of as a full week. 
Note the variation be-
tween days. The curve for 
day 6 goes up where is 
goes down on day 4. 
Among 39 subjects, SD of 
daily MESOR of SBP 
varies from 1.3 to 7.7 
mmHg between days. 

In this study, SBP values in any individual record varied in a range around 100 
mmHg.  The resulting uncertainty from sparse individual measurements can 
make a large difference in terms of the decision to treat. For the diagnosis of 
hypertension and other abnormalities in BP patterns, BP should be monitored 
around the clock for longer than 24 hours to obtain a reliable estimate of BP 
and BP variability.

Column: 2 ;    1992−10−20 00:00 −− 1992−11−30 00:00

Time (hours from reference time, 1992−10−19 21:52:00 )
 Interval length: 168 hour    Increment: 12 hour
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First 40 days of newborn HR Figure 8: Figure 6 shows us the 
data are changing a great deal 
over time – the time series is 
non-stationary.  A gliding spec-
trum analyzes progressive sub-
sections of data (X-axis) at a 
spectrum of frequencies (Y-axis), 
giving us a breakdown of changes 
over time.  Amplitude is repre-
sented by shading, with higher 
values being darker.  The infant 
HR is seen to resolve to a 24-hr 
rhythm over the first 40 days

Exploring the data:  newborn HR

Figure 6:  CATkit 
Smoothing averages a user-
specified number of points.  
Data can be binned.  Non-
equidistant data have been 
interpolated. Here a 24-hr 
pattern can be seen near 
the end of the record.

Smoothing: first 40 days of newborn HR
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Smoothing (k= 5 )
File 1 , Column  3 :  X132 

 1992/10/20 19:22:00    to    1992/11/28 18:22:00

60 mins/point;    1 points/bin;    60 mins/bin;      24 bins/day
Starting with first data point. FWedited 40.txt     Oct 12, 2015 − 12:48:26
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File 1 , Column 3 :  X125 
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Spectral lines of four largest amplitudes
See data file FWedited LWK.txt−−12Oct2015−−13−19−22CATfile1−col3−fPgram.txt

Line # Frequency Period in #hrs Period in #Bins Amplitude / Power

−−−− −−−−−−−− −−−−−−−−− −−−−−−−−−−  −−−−−−−−−−

16 0.0952381 10.5 10.5 8.049 / 5442.602

7 0.04166667 24 24 7.969 / 5334.793

22 0.1309524 7.636364 7.636364 6.163 / 3190.514

6 0.03571429 28 28 5.739 / 2766.653

Periodogram by FFT

Total bins:  168 ;     pts/bin:  1 ( 60 mins)

Span: 0  Inc: 0 FWedited LWK.txt     Oct 12, 2015 − 13:19:22
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Periodogram:  HR days 33-40
Figure 7:  Days 33- 40 of the 
infant HR show strong 24-hr 
and 10.5-hr rhythms.  Compare 
this to Figure 8. (A Least 
Squares Spectrum by cosinor 
will obtain the same results as a 
periodogram, in this case.)

Analysis of non-stationary data: newborn HR
Analysis of non-stationary data requires special treatment.     

Analysis of non-stationary data: phase shift


