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Introduction Exploring the data: newborn HR

Chronomics, and the study of biological rhythms is a rapidly growing area of
research. As the biological sciences embrace the impact of biological Figure 6: CATkit
oscillators, and the vast network modulating genetic, molecular, physiological, = - Smo.o.thlng averages a user-
and behavioral rhythms, there is increasing need for accessible tools to 1 JULTRE T L AL LT L JHESN gj:tc;fzi ';L;n;?:gecc)lf P,S:::f'
characterize rhythmicity. CATkit, an R package, provides rhythmic analysis, in |

equidistant data have been
exploratory and quantitative terms. It is free and ports to most platforms. interpolated. Here a 24-hr g

- 1] ' R : pattern can be seen near
"""""""""""""""""""""""" the end of the record.

Analysis of non-stationary data: newborn HR

Smoothing: first 40 days of newborn HR Analysis of hon-stationary data requires special treatment.

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

First 40 days of newborn HR
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Time (#6SO—mmiin Bins from 1992/710/20 19:=22=200)

CAT Visualization & Quantitative Tools

12

Periodogram: HR days 33-40

Frefjuency (cycles/ 252 hodr): 1, 1.5,...10 90.0, Harmonic increment: 0.5

Figure 7: Days 33- 40 of the
infant HR show strong 24-hr

24

Spectral lines of four largest amplitudes
B data file FWedited LWK.txt——120c¢ct2015——13-19-22CATfile1—col3—fPgram.txt

Visual Assessment Quantitative Assessment

Frequency Period in #Bins Amplitude / Power

147 11 15019 23 27 31 35 39 43 47 51 55 59163 67 71 75 79 83 &7

s % A and 10.5-hr rhythms. Compare HR is seen to resolve to a 24-hr
* Actogram * Single-component cosinor 3 27 this to Figure 8. (A Least ) rhythm over the first 40 days
* Smoothing * Multiple-component cosinor 1 o I Y T O Squares Spectrum by cosinor
* Autocorrelation * Least squares spectrum - H\ i ‘ will obtain the same results as a
* Crosscorrelation * Serial section cosinor oc o7 S opaenoSane os = periodogram, in this case.
* Periodogram by FFT * Gliding spectrum

Only equidistant data

Model Building

Transatlantic flight shifts circadian activity rhythm

Figure 9: Activity data
W collected over a month,

Column 2 :; Component 24 : Time ( hour) from reference date: 2015-06-16

I} T

before, during and after a
transatlantic shift in time

Figure 4: Two cosine
curves, of 24 and 12

SBP variation over 7 days: 24 & 12 hours
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. Multi-component model: c(24, 12) Ty - LA L TU VU VWU WU g zones of 7 hours. Boxes
. o . Figure |: Raw o g one week of data, e rsEm _20\ /= d.elineate transaFIanFic
Angina pectoris incidence by time of day and week data. Ambulance z Sunday to Saturday. | . T | flights where shifts in
14 years of data stacked over 1 week calls for angina :L-) ;_ Forty to fifty meas- June ?g :]gus‘rg flight e July1g.154r:]il5jr11|ght phase are to be expected.
pectoris in Khanty, - urements were taken cast
Column: 2; 2000-12-31 00:00 - 2001-01-07 00:00 Siberia, over 14 g . Wﬁ M daily. One full cycle is Figure 10: Because it is
2 years. VWrapped PR | shown in the red box. non-stationary,
N over one week, S B Seven full compound subsections of data are
3 - Sunday to Saturday, A s- cycles can be seen in progressively analyzed and
3 - | | | in order to [0 e S e sem wr s s e s e s e s the 7-day plot. SD of plotted to show the
4 7 % investigate weekly e p R e e 7-day MESOR of SBP : change over time of
Time ( hour ) from reference date: 2000-12-31 trends.

is 6.7 mmHg. 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.

0 W X0

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 2: Results
from spectral
analysis to identify
periodic compon-
ents contributing
most to the overall
variance. Two

Least Squares Spectrum by Cosinor

24|hrs 12|hrs

Amplitude
0 10 20 30 40

SBP variation on days 4 & 6: 24 & 12 hours Figure 5: Days 4 and 6

Figure | I: This is the

T @ e e e are here fitted separately, M ] came treatment as Fioure
- . : N B igu
| periods show v - €155 jnstead of as a full week. : | 11 0.b v the [2 hg
g 3 V V ' . .. 3 A el IR My A A ut only the | Z-hr
s ° AR N strongly: 24 and 2 Note the variation be- E .1 7T\ AL % WA A M~ A W\ W ’ 7 3 A
S . ' ' - il = i component is shown.
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n- - M omponent model: c(24, 12) ° ) _— _ i .; Shlft In Phase Of 7 hours IS
g day 6 goes up where is ; | dent h |
i e also evident here. It
Figure 3 :A 2 S22 goes down on day 4. P
o] D Among 39 subjects, SD of -~ | , | appears larger because the
Multiple-component cosinor rmuitipie-compon- = daily MESOR of SBP ZEETIEAE 1 EAEAE AT ¥EE 3 B period is smaller. P-values
ent model, built 2 . ay ° 3 s N A are shown in lower plot
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| 2-hr cosines.
Numeric results
are provided from
which conclusions
can be derived
regarding extent of
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predictable var-
iation and timing of
maxima/minima

In this study, SBP values in any individual record varied in a range around 100

mmHg. The re

make a large difference in terms of the decision to treat. For the diagnosis of

hypertension a

around the clock for longer than 24 hours to obtain a reliable estimate of BP
and BP variability.

mmHg between days.

sulting uncertainty from sparse individual measurements can

nd other abnormalities in BP patterns, BP should be monitored
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analysis tools.

z.umn.edu/CATkit

Conclusion

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




