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Figure S-1. Estimated deconvolution of observed 8-hour GH levels associated with each of the 14 participants from Dataset 1. Each
panel shows the simulated 8-hour GH time series (red crosses), the model-estimated GH levels (black curve) and the model-estimated
pulse timing and amplitude (blue vertical lines) for a single participant. The estimated model parameters are provided in Table 1 in
the main text.
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Figure S-2. Estimated deconvolution of observed 8-hour GH levels associated with each of the 4 participants from Dataset 2.
Each panel shows the simulated 8-hour GH time series (red crosses), the model-estimated GH levels (black curve) and the
model-estimated pulse timing and amplitude (blue vertical lines) for a single participant. The estimated model parameters are
provided in Table 2 in the main text.



IEEE/ACM TRANSACTIONS ON COMPUTATIONAL BIOLOGY AND BIOINFORMATICS, MANUSCRIPT ID

4

{unwyjwyBu) apnydwy asing auowioH
<« )

- - - .-} w =t o~ o
r T T T T T T

Participant 1 -2

L 1 1 1 1 1 1 1
[--] - w uw =t Lt} ™~ - [=]

(lw/Bu) HD

{unwyjwyBu) apnydwy asing auowioH
[ w w = o o~ - [=]

Participant 1 -1

(lw/Bu) HD

[--]

Time (hours)
Participant 1 - 4

Time (hours)

{unwyjwyBu) apnydwy asing auowioH

o~ - - = (=)
T

{unwyjwyBu) apnydwy asing auowioH

(=] (=] (=] =) (=] (=] (=]
T T T T T T T o«

-3

Participant 1

(lw/Bu) HD

,w w
P -
3 E
£ 3 -
o 'S
E €
(] H -
(2]
-
L 1 1 1 i o
[=] w [=] w [=] w [=]
™ o~ o~ - -—
(lw/bu) Ho
{unwyjwyBu) apnydwy asing auowioH
[ w w = o o~ - [=]
r
n
—_—
£ -
=)
o €
£ @
-
7]
E €
F @
o

25}

(w/Bu) HO

Time (hours)

Time (hours)

{unwyjwyBu) apnydwy asing auowioH

uw (=] uw (=]
o~ ™~ - - w o

©
1
-
-
c
L]
a2
8
=
T
o
L 1 1 1 * o
[=] w [=] w [=]
o~ - -
(lw/bu) Ho
{unwyjwyBu) apnydwy asing auowioH
= [-+] w = o~ [=]
e
T = T [--]
M~
w
~ w
1
-
-
c
m <
S
=
S =
(2]
-
1 ‘ (=]
w [=]

Time (hours)

Time (hours)



AUTHOR ET AL.: TITLE

- - -
L= - @

GH (ng/ml}

Participant 1 -9

50

GH (ng/ml}
%] w F = (4] (=] ~ [=-] w

Time (hours)

Participant 1 - 11
14

GH (ng/ml}

Time (hours)
Participant 1 -13

Q

3 4 5 6 7 8
Time (hours)

Hormone Pulse Amplitude (ng/ml/min} Hormone Pulse Amplitude (ng/ml/min}

Hormone Pulse Amplitude (ng/ml/min}

- -
L~ £

-
o

GH (ng/ml}

20 -

-
w

GH (ng/ml}

Participant 1 -10

30

Time (hours)
Participant 1 -12

18
16
14
12

GH (ng/ml}

Time (hours)
Participant 1 - 14

3 4 5 6 7 8
Time (hours)

Figure S-3. Estimated deconvolution of simulated 8-hour GH levels associated with each of the 14 participants from Da-
taset 1 at a SNR of 20 dB. Each panel shows the simulated 8-hour GH time series (red crosses) generated from the "ground
truth" pulse timing and amplitude (green vertical lines), the model-estimated GH levels (black curve), and the estimated
pulse timing and amplitude (blue vertical lines) for a single participant. The estimated model parameters are provided in
Table 3 in the main text.
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Figure S-4. Estimated deconvolution of simulated 8-hour GH levels associated with each of the 4 participants from Dataset 2 at
a SNR of 20 dB. Each panel shows the simulated 8-hour GH time series (red crosses), generated from the "ground truth" pulse
timing and amplitude (forest green vertical lines), the model-estimated GH levels (black curve), and the model-estimated pulse
timing and amplitude (blue vertical lines) and the ground truth pulse timing and amplitude (green vertical lines) for a single
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participant. The estimated model parameters are provided in Table 4 in the main text.

1.2 LISTWISE DELETION

If there are missing values in the GH time series data,
then subsequent analyses must be suitable for both our
proposed algorithm and the missingness of the data.

In our estimation algorithm, we apply a least squares ap-
proach, modelling v; as a Gaussian random variable, where
v; =y; — FgHy[0] — Dgu; and i={1,23,:-,M}. We can
represent the probablhty depgity function of v; as P; (v; lo?)
where P, (v;]0?) = ~ . Assuming the missing GH
data are randomly {&ttibuted, we then represent the prob-
ability density function of missing values as P, (x) with un-
known parameters denoted x. If the probability density
function of a missing response, P,(x), is unrelated to the
either the actual value missing from the data or the set of
observed responses, then that response is said to be Miss-
ing Completely At Random (MCAR) [1]. Furthermore, if
the set of missing responses is MCAR, then the likelihood
function of P, and P, can be represented as P;(v;|0?) -
P,(x). We take the negative log of the likelihood function
of P; and P,, resulting in

e 202

L log(P; (vi|o*)) —log (P(x))
= 53 Iy = Fg Hal0] = Dgau]|; —log(R(0))  (17)

We can see in (17) that the Gaussian distribution of
measurement error is independent from the uniform dis-
tribution of missing values. The distribution of missing
values does not depend on observed data and as such the
missing data is considered MCAR.

We perform listwise deletion, as opposed to imputation,
because (i) the temporal resolution of our GH data does not
lend itself to imputation, (ii) listwise deletion will yield an
unbiased estimate of mean response trends, because the
missingness of GH data is MCAR [1], and (iii) our pro-
posed algorithm accounts for missing sample data. Addi-
tionally, methods of imputation like linear interpolation
tend to produce biased estimates of parameters [2].

We perform listwise deletion by reformulating the opti-
mization problem in (12) as:

1

min = (y; — Fg,Hgal0] = Dg;)* (18)
i€{1,2— M} \ {S}
where § represents the set of indices in which sample data
is missing.
Listwise deletion introduces no bias in the

Hormone Pulse Amplitude (ng/ml/min}

Hormone Pulse Amplitude (ng/ml/min}
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approximation of model parameters or of the timing and
amplitude of secretory events. Therefore, maximizing the
fit of available data via our estimation algorithm also im-
proves the estimation of missing data, where y; =

1.3 PARTICIPANT INFORMATION

The sex, age, and BMI of each participant from Dataset
1 are listed in Table S-1. The sex, age, BMI and Apnea-Hy-
popnea Index (AHI) for each participant from Dataset 2 are
in Table S-2.

TABLE S-1
PARTICIPANT SEX, AGE AND BMI FOR DATASET 1.
Participant No. Sex Age [years] | BMI [%]
1 F 12.5 18.6
2 F 12.3 19.2
3 F 12.3 17.9
4 F 11.6 16.5
5 F 12.3 19.8
6 M 13.4 17.9
7 F 13.4 20.5
8 F 13.2 25
9 M 11.3 26.1
10 M 12.0 229
11 M 12.2 29.3
12 M 13.8 18.7
13 M 13.4 17.9
14 M 14.1 21.6
TABLE S-2
PARTICIPANT SEX, AGE AND BMI FOR DATASET 2.
Participant No. [Sex|Age [years kg AHI

i Belyearslio [mz off cpap|on cpap
1 F 12.3 25.9 5.4 41
2 M 14.4 40.4 2.2 0.2
3 M 13.4 18.2 1.2 0.0
4 M 11.8 14.9 0.0 0.0

1.4 ALTERNATIVE METHOD: PEAK DETECTION

We used the findpeaks() function within MATLAB for de-
tecting secretion events. We apply the relevant constraints
of our problem (i.e., the maximum number of secretory
events) to estimate a physiologically plausible solution and
the minimum distance between secretory events based on
this constraint in our method. While this peak detection
method can identify significant peaks in serum GH data, it
cannot recover the model parameters or accurate GH pulse
locations, because this method lacks a physiological inter-
pretation of GH secretion. This peak detection method also
does not provide the infusion and clearance rates. Addi-
tionally, the location of serum GH peaks identified by the
peak detection method is not the location of the GH

secretion event. Rather, the peak detection provides the lo-
cation of the maximum level of serum GH after a secretion
event. This peak detection method also identified two
small noise spikes (near 0 and 6.5 hours) as a GH peak, as
indicated in Figure S-5.
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Figure S-5. Detected peaks of Participant 1-1 (red crosses) and
the experimental GH data (black curve).
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