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Abstract

Thyroid-SPOT is a mobile application that allows users to be able to analyse thyroid function tests laboratory reports by
computing the homeostatic euthyroid set point based on regressing thyroid function data according to a patented
algorithm to define the parameters that maximize the goodness-of-fit to a negative exponential model for target-
centric individualized treatment. The app facilitates analysis and optimization of treatment plans, while also allowing both
patients and doctors to stay up to date with a function that allows “txt” files to be imported and exported to and from
Dropbox. The app improves treatment monitoring, allowing clinical analysis to be on-the go, thus boosting healthcare.

Introduction

Mobile apps are becoming increasingly popular in scientific
research with great potential also for clinical uses (Gan SKE
et al, 2015). There has already been apps developed that
can help in clinical research (e.g. PsychVey, see Nguyen
PV et al., 2015) as well as other that aid in diagnosis such
as Peek Retina (2016) (https://www.indiegogo.com/pro-
jects/peek-retina-help-fight-avoidable-blindness#/). In this
fast-forwarded day and age, going to the doctor’s clinic
every week may not be a luxury many have: therefore,
apps that allow doctors and patients to communicate clin-
ically relevant information quickly and easily with each
other are greatly desired. Thyroid-SPOT is one such app
that links endocrinologists and patients together in man-
aging their prescriptions, looking at thyroid hormone con-
trol issues. The fundamental law governing thyroid
hormone physiology is a negative exponential function
that connects “dose-response” feedback loop between free
thyroxine (FT4) and thyroid-stimulating hormone (TSH)
(Leow MK et al.,, 2007; Goede SL et al., 2014; Leow MKS
et al., 2014). This model along with the set point equations
derived using the maximum curvature theory form the
background basis of a patented algorithm (Leow MKS
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et al,, 2013) that is programmed as the calculating engine
of the Thyroid-SPOT software. A non-linear regression
method of finding the exponential curve of best fit to the
FT4/TSH coordinates is employed, from which the point
of maximum curvature is determined according to the
principles of differential calculus. These paired Android
and iOS apps aid both groups in evaluating treatment with
respect to individualizing doses that optimize thyroid
function to a computed euthyroid set point unique to the
individual. Details such as dates and times of doses in rela-
tion to thyroid function tests measurements can be stored
for set point computation which facilitates accurate pre-
scriptions. Coupled with the feature of importing and ex-
ploring “.txt” files to and from Dropbox (or “the cloud”),
the app facilitates the viewing of profiles both on- and off-
line. This allows clinicians to boost their productivity and
convenience by analysing and working “on-the-go”. This
in turn facilitates patient care as endocrinologists can now
quickly know the euthyroid set point of any patient to aid
in diagnosis and drug dosage prescription even while trav-
elling between and within clinics and hospitals without
spatial restriction to their desktops.

Materials and methods
Thyroid-SPOT App for Android was developed using
4.4 of the Eclipse Integrated Development Environment,
Luna (https://eclipse.org/).
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Thyroid-SPOT App for iOS was developed using version
6.3.2 of the Xcode Integrated Development Environment,
utilizing open source libraries: Core Plot 1.4 for the
plotting and zooming of thyroid-spot graphs; Down-
Picker (https://github.com/Darkseal/DownPicker) for cre-
ating drop down lists.

Create patient profile/ treatment entry
Thyroid-SPOT Patient App offers patients a simple and
user-friendly interface for the entry of demographic and
clinical data with associated dates (see Figs. 1 and 2) in-
cluding the treatment regime and the serum levels of
free thyroxine (FT4) and thyroid stimulating hormone
(TSH). Multiple data entries can be stored for the log-
ging of treatments weeks in advance to aid in schedul-
ing. Users can also import previous treatment details
from Dropbox using a “.txt” file. This easily allows users
to constantly stay updated with their treatments and
thyroid function test results utilizing secure emails or
data transfer methods without the need for physical re-
cords. Entered treatment details are displayed in a table
showing the date and time of the treatments and corre-
sponding serum FT4 and TSH values associated with
those doses. Since different countries may use different
units of measurement, there is an option for users to
change the units of serum FT4 from pmol/L to ng/dL
and vice versa based on a known conversion factor.

Graph analysis (patient)

The “View Entries” button reveals a line of best fit graph
which plots the FT4 value on the X-axis and the TSH
value on the Y-axis. Data points that follow fit in the line
of best fit are marked in green with outliers marked in
red. The graph can be enlarged or shrunk for in-depth
visualization of specific data points. The data from the
graph can then be exported to Dropbox for sharing by
use of the smartphone communication avenues (e.g.
WIFI, Bluetooth, NFC, internet).

Patient selection (doctor version)

The doctor version allows the importing of patient de-
tails saved as “.txt” files in the patient version. When a
patient’s data is accessed, the same table shown in the
Patient app appears on the doctor’s screen (see Fig. 3).
However, the doctor version allows editing of the data
points.

Graph analysis (doctor)

Clicking on the “View” button from the Patient Selection
page will bring the user to a graph which is identical to
the one shown in the patient app; however, the doctor
version of the app also displays the patient’s treatment and
diagnosis (see Fig. 4). The calculated homeostatic euthyr-
oid set point of the hypothalamus-pituitary-thyroid axis is
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Fig. 1 Thyroid-SPOT Patient App's profile editing page and clinical
data entry page. a Patient info entry page. b Patient test data entry
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patient details. b The entry tables of the blood test results
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Fig. 4 Thyroid-SPOT Doctor App’s graph analysis page

also displayed on the graph as a yellow square on the
point of maximum curvature on the negative exponential
curve. This is the most crucial aspect of the app as the set
point forms the basis for dose titrations for personalized
treatment targets for best thyroid health and metabolic
outcomes.

On-going clinical validations

This mobile app is identical to the desktop counterpart
in terms of its set point calculation function. The desk-
top version had been tested by one of the authors, who
is a thyroidologist/endocrinologist and clinician scientist
and it was useful for thyroid patients who continue to
experience suboptimal quality of life. In this respect, the
rapid computation of the euthyroid set point had anec-
dotally improved his patients’ quality of life with dimin-
ished symptoms. In fact, the underlying patented and
previously published Thyroid-SPOT algorithm was clin-
ically validated in a number of clinical cases as published
in two earlier papers (Goede SL et al., 2014; Leow MKS
et al,, 2014). This endocrinologist co-author is presently
conducting a formal randomized double-blind placebo
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controlled study of the effectiveness of the Thyroid-
SPOT algorithm entitled EQUILEBRATE, a mnemonic
which stands for “A Prospective Randomized, Double-
blind, Parallel Arm, Multi-centre Clinical Trial to
Evaluate the Quality of Life and Euthyroid Balance
using Conventional Thyroid Hormone Replacement
versus Set Point Strategy”. The patients recruited for
EQUILEBRATE are mainly those who have primary
hypothyroidism being replaced with L-thyroxine. Quality
of life in this clinical trial is evaluated using a robust
questionnaire (SF-36) as well as a thyroid-specific ques-
tionnaire called ThyPro (Watt T et al.,, 2010). In yet an-
other study codenamed TRIBUTE which stands for “The
Role of Thyroid Status in Regulating Brown Adipose
Tissue Activity. White Adipose Tissue Partitioning and
Resting Energy Expenditure”, patients with hyperthy-
roidism from Graves’ disease are being assessed for both
residual thyroid symptoms and objective measures of
fasting lipids, serum electrolytes, body weight and brown
adipose tissue function as they undergo anti-thyroid
drug therapy such that the patients will then be assessed
on how close or far apart their thyroid function tests are
from the computed set point and this will in turn be
correlated with those objective measures as elaborated
above. Finally, there are efforts ongoing to prove the ac-
curacy of the set point prediction by comparing the
computed set points of thyroidectomised patients on L-
thyroxine replacement to the thyroid function tests pre-
thyroidectomy at a time when these patients were
healthy, well and euthyroid some years prior, in a retro-
spective study entitled PREDICT-IT which stands for
“Profiling Retrospective Thyroid Function Data in
Complete Thyroidectomy Patients to Investigate the
HPT axis Set Point”. As such, to facilitate the use of the
algorithm and for convenience, mobile versions have
been created and were found to be exceptionally handy
on-the-go while attending to a phone specialist consult-
ation or whenever immediate assessment if a given dose
of thyroid medication might be either suboptimal or ex-
cessive for a given patient located in another hospital or
clinic during ‘on-call’ duties.

Limitations

Some limitations to this app include the difficulty of com-
puting the euthyroid set point with very high precision if
the thyroid function tests of a patient were performed in
different laboratories and at varying times of the day. This
is due to the different thyroid function tests reports if the
sample of blood was split into separate vials and simultan-
eously submitted to different assay platforms. In addition,
the concentrations of these thyrotropic hormones can dif-
fer significantly when sampled at different times of the day
due to a natural diurnal rhythm.
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Of relevance here is the possible misperception that the
TSH range is “narrow” and that both L-thyroxine and anti-
thyroid drugs come in fixed doses which limits the scope
of the Thyroid-SPOT algorithm. The TSH range is in fact
very wide with a 16-fold difference between the lower
and upper boundaries of the normal serum TSH range
(0.34—5.60 mIU/L). Even though the doses of L-thyroxine
may come in fixed doses (eg. 25 mcg, 50 mcg, 75 mcg,
and 100 mcg tablets), dose adjustments and fine-tuning
are indeed possible. For instance, a patient who requires a
dose of 62.5 mcg daily may either be prescribed one and a
half tablets of the 50mcg strength pill. Alternatively, be-
cause of the very long half-life of L-thyroxine (~7 days), it
is possible to dose the patient with 50 mcg daily alter-
nately with 75 mcg daily. Should the patient require other
doses such as 57 mcg daily, he/she can be prescribed 50
mcg daily for 5 days (weekdays) and 75 mcg daily for
2 days (weekends). Similarly, anti-thyroid drugs such as
thiamazole only comes in strengths of 5 mg and 10 mg.
However, depending on the dose required, a patient may
be prescribed 2.5 mg (half a pill) to 40 mg (4 pills) daily. A
reasonable range of dose permutations and combinations
are possible to allow for doses that fall outside the typical
standard doses offered by the strengths of these thyroid
pills. In this fashion, one can titrate the doses of these
medications to attain serum FT4 and TSH concentrations
that are as close as possible to their computed set points.

Conclusion

Thyroid-SPOT is a clinical-aid tool for both clinicians and
patients. These paired apps help both groups keep au
courant with treatment progress, aiding in analysis and
off-line storage of data, all while allowing users to back up
all the information to Dropbox. With the function to enter
multiple treatments at one time, the app helps patients
and doctors to stay organised, even when off-line.
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guide is available from the “About Us” page of the apps.
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