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Abstract

Background: Polycystic Ovary Syndrome (PCOS) adversely affects reproductive and metabolic health.
It mandates early detection. Lyfas is a mHealth instrument, which is a personalized, fast, non-invasive, and
pervasive smartphone-based application. It captures Heart rate variability and its biomarkers (HRVBs) by
finger touch on the phone camera. HRVBs are a surrogate for cardiac autonomic modulation that occurs in
PCOS.

Objective: Early prediction of PCOS by Lyfas HRVBs and its validation by gynecologists.

Methods and Material: A retrospective double-blind control trial has been conducted on a mixed
population of PCOS (N=218) and healthy (N=153) participants. The cohort is further divided into a)
‘Forward miners or FM’ (N=210: PCOS 135, healthy 75), where Lyfas has been used to mine the
‘significant” HRVBs of PCOS, and b) ‘Reverse mappers or RM’ (N=161), where Lyfas decisions, based on
the ‘significant” HRVBs are validated by a panel of gynecologists.

Statistical analysis: Cronbach’s alpha, Descriptive statistics, Q-Q plots, Spearman’s correlation, and
classification metric (recall, specificity, precision, accuracy, fscore, and Youden’s index), and Bland-
Altman’s reliability test (BART).

Results: LF/HF and SD1/SD2 shows significant positive correlation ( © = 0.60 and 0.45 and p-value =
0.009 and 0.02, respectively). Lyfas shows 82% recall, 84% specificity, 85% precision, 83% accuracy, 84%
fscore, and 74% Youden’s index when compared to the diagnoses of gynecologists. BART shows Lyfas has
a 2% of proportional bias, i.e., 98% reliable when compared to gynecologists’ prediction.

Conclusions: Lyfas HRVBs (LF/HF and SD1/SD2) can be assistive to gynecologists to predict the
possibility of PCOS in the suspected population in 3-5 minutes.
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1. Introduction

Sound reproductive health is a sign of
autonomic-endocrine  homeostasis.  Polycystic
Ovary Syndrome (PCOS) has adverse effects on
reproductive and metabolic health. The risk of
infertility is very high in PCOS, which is about 70-
80% of the population ['!. The global prevalence of
PCOS is 6-26% in the population I?, while in India,
it is 3.7-22.5% 3! and showing an increased trend
mostly due to unhealthy lifestyle, food habits, and
lack of physical exercise [*. A large-scale study on
the Indian population has revealed that about 16%
of the population in the age group of 20-29 years
suffer from PCOS I, PCOS cases are seen even in
teenagers in recent times and at a much higher rate
than what is expected [°). PCOS also has a genetic
basis, e.g., cytochrome P1A1 (CYP1A1l), CYPI1A,
CYP17A1, CYP19, and many others °l. PCOS
poses risks of infertility ), hypertension (HTN) ¥,
cardiovascular diseases (CVD)’!, dyslipidemia (DL)
-obesity and early atherosclerosis "%, type-II
diabetes mellitus (T2DM) !'!l and so forth as
cascading effects. Insulin resistance (IR) and
compensatory hyperinsulinemia are associated in
44%-70% of PCOS cases and are considered to be
the key factors to cause T2DM [2), PCOS also has
tremendous effects on the health-related quality of
life (HRQOL), e.g., high body mass index (BMI)
due to obesity, marriage due to infertility, and more
prevalent in the higher educated cohort ['*), PCOS
cases also suffer from mental illnesses, such as
anxiety disorders, depression, obsessive-compulsive
disorders, and bipolar disorders %), This concerning
scenario of PCOS mandates early prediction,
therefore, starting the early intervention.

Screening of PCOS is done by the
gynecologists based on menstrual history
(oligomenorrhea or amenorrhea, infertility),

physical examination (obesity, acne, hair growth in
the unusual areas of the body commonly on the face,
around naval, and nipples), and laboratory tests e.g.,
hormone assay, diabetic and lipid profile, and pelvic
ultrasound (USG) to check multiple follicles in the
ovaries, which is costly for an average income
Indian family. Laboratory tests are quite costly and
invasive as well. Moreover, test reports are positive
only when the pathology is well-set. Another
disadvantage lies with coming to contact with the

phlebotomists or sonologists while giving the blood
samples or undergoing the USG, which are not so
safe during the pandemic time. To address these
logistic issues, digital health has come into play,
and mobile health (m-health) is a novel extension of
it due to its potential in capturing the cardiac
autonomic modulation due to metabolic syndromes
non-invasively and ubiquitously.

Lyfas is a clinically validated novel biomedical
application that runs on Android smartphones [°]. It
captures Heart rate variability and its biomarkers
(HRVB) from the index finger capillaries using
arterial  photoplethysmography  (PPG)  and
photochromatography (PCG) by finger touch on the
rear phone camera. The camera sensor and
torchlight, phone processor, and memory chip have
made Lyfas hardware cost-free and hence is
economic to its users. HRVBs are a surrogate for
cardiac autonomic modulation that occurs in
metabolic  syndromes. Lyfas Al/ML-enabled
heuristics evaluate the HRVB scores and its
proprietary analytics provides a comprehensive
snapshot of mind-body analytics, which could
throw light on forecasting the chances of PCOS and
its allied metabolic risks. It is also important to note
that the m-health market size is increasing at a
CAGR of 22.3% from 2020 to 2027 from USD 46
Million in 2016 to USD 230 Million in 2027 [1¢],
Also, it is worth noting that the number of
smartphone users is expected to raise from 748
Million in 2020 to 1500 Million by 2040, and can
adopt m-health easily !,

The objective of this study is to screen PCOS
cases using Lyfas and validate them by a panel of
gynecologists.

2. Material and Method

In this section, the approach and techniques
used in this study have been elaborated.

2.1 Ethical statement

The study protocol has been approved by the
Vagus Institutional Ethics Committee, Bengaluru,
Malleswaram, Karnataka, India review board,
registered with the Central Drugs Standard Control
Organization, Ministry of Health and Family
Welfare, Govt. of India (No.
ECR/1181/Inst/KA/2019, dated 30-01-2020).
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Signed informed consents of all participants’
have been taken on the organization letterhead
according to the declaration of Helsinki by the
research team prior test.

2.2 Experimental design

2.2.1 Definitions of the study groups

This section starts with two important
definitions such as (a) Forward miners (FM) which
comprise the mixture of PCOS and health subjects
on which Lyfas has been tested at first to mine the
significant HRVBs (having high correlation and p-
values <0.05) and (b) Reverse mappers (RM),
which represents another mixed group of PCOS and
healthy subjects with whom the significant HRVBs
are mapped for the prediction purpose and the
prediction is then validated by a panel of
gynecologists. Thus, FM gives the pool of
significant HRVBs while RM validates the clinical
mapping with the help of gynecologists.

2.2.2 Inclusion criteria (sign-symptoms) and %
of the population observed in this study

Amenorrhea (25%)

Hirsutism and Acne (21%)

Obesity (14%)

Infertility (10%)

Multiple ovarian cystic lesions in USG (9%)

Mood dysregulations (anxiety 4% and anger
3% anger and anxiety both 7%), and

High testosterone level in serum (7%).

2.2.3 Exclusion criteria (mimicking disorders) !'®!

Thyroid disorders by checking serum T3, T4,
and TSH levels, Dysregulations may cause
amenorrhea and menorrhagia, infertility, obesity,
hirsutism, and so forth.

Hyperprolactinemia by investigating serum
prolactin levels and history of amenorrhoea and
galactorrhoea (milky discharge through nipples),
infertility, etc.

Congenital adrenal hyperplasia (CAH), is a
genetic disorder where hyperandrogenism is the
hallmark trait, and patients present with amenorrhea,
hirsutism, male pattern in baldness, etc. It is
diagnosed by genetic study.

Cushing syndrome is a condition where
adrenal glands produce excessive cortisol and
androgens giving rise to phenotypes similar to
PCOS.

2.3 Study

A retrospective double-blind control trial has
been conducted for six months (October 2021 to
February 2022) on a mixed population (mean age
23.81 years, mean BMI 26.59, mean BP 128/76 mm
Hg) of PCOS (N=218) and healthy (N=153)
subjects who participated in the study are divided
into two groups-a) ‘Forward miners or FM” (N=210:
PCOS 135, healthy 75), where Lyfas has been used
for the first time to mine the ‘significant’ HRVBs
using Spearman’s rank correlation scores and their
respective p-values (CI 95%), and b) ‘Reverse
mappers or RM’ (N=161 which is a mixture of
PCOS and healthy cases), where Lyfas decisions are
made on a case whether it qualifies for PCOS or not,
based on the mapping of the ‘significant” HRVBs
and the decisions are matched against the diagnosis
made by a panel of gynecologists to compute the
classification metric (recall, specificity, accuracy,
precision, and j-statistics) to note how close are
Lyfas diagnoses with that of the experts. Lyfas tests
are taken thrice a day (7 am, 2 pm, and 10 pm) daily
for six months in the home comfort in a much-
personalized manner (using personal smartphones)
and the average of the HRVBs are recorded for the
analysis. It is important to note that subjects with
hypothyroidism are excluded from the study as
hypothyroid women, apart from obesity, HTN, and
DM, develop hair in the unusual parts of their
bodies and suffer from menstrual abnormalities and
infertility as well as mood irregularities ['l. Also,
smokers and alcoholics, one under psychiatric
medications, oral contraceptive pills, and metformin
or ovulation-inducing drugs are discarded from the
study.

2.4 Lyfas HRVBs

HRYV is a biomarker of Cardiac autonomic
modulation (CAM) to maintain the physiological
homeostasis (i.e., the sympathovagal balance) of the
body. It is the variation of the interval between two
consecutive R (also called N) waves. The variation
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is controlled by the autonomic nervous system
(ANS) having sympathetic and parasympathetic
supplies to the heart and rest of the body. A low
HRYV is due to sympathetic dominance and vice
versa. Good health is suggested by a high HRV

score. HRV and its associated biomarkers provide
the tale-tell signs of overall health condition 2V,
Table 1 presents the HRVBs in this work, their
normal range, and the rationale behind choosing
them.

Table 1: HRVBs

SI. No. | HRVB | Desired value Biomarker type The rationale for PCOS
1 HRVScore >80 ms Mood/emotion 2! Mood fluctuation 7!
2 SDNN >40 ms Good health 22! Compromised health
3 RMSSD 54 -70 -do-22] -do-
4 pNN50 >16 -do- 122 -do-
5 SD1/SD2 1-2.5 Sympathovagal balance %) anxiety biomarker | Anxiety disorders 24
6 LF/HF <2 Sympathovagal balance [**/ anger biomarker Anger traits [

2.5 Working principle of Lyfas
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Figure 1: Working principle of Lyfas

Lyfas converts a smartphone into a
personalized health device when installed. Fig. 1.
describes the working principle of Lyfas in layers. It
uses the phone’s camera sensor and torchlight to
capture the pulse rate variability (a synonymous
term with HRV) from the index finger capillary
using the technique of photoplethysmography
(PPG). The signal is then filtered using signal
processing methods. These happen in the ‘Signal
capturing and processing layer’. From the
waveforms, it captures the pulse rate variability
(PRV) that surrogates for the HRV and its
correlated biomarkers, i.e., the HRVBs. Using

photochromatography (PCG) Lyfas captures the
solutes and cellular components of the blood
simultaneously. These occur in the ‘Data capturing
layer’, which helps in making the physiological
observation of the body. The data, thus captured,
are then churned in the ‘Heuristics layer’, and using
its proprietary AI-ML algorithm, Lyfas maps the
HRVBs to the psychophysiological homeostatic
states of the body, and its ‘Analytics layer’ finally
provides a comprehensive report in just 3 minutes
(see Fig. 6).
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2.6 Statistical analysis
This section discusses use of statistical
techniques step-by-step as follows:

2.6.1 Data fidelity or internal consistency test

At first, the data fidelity has been tested by
computing the Cronbach’s alpha ( a ) ], Its value
of close to 1.0 indicates that the data is reliable for
analysis [*7].

2.6.2 Data distribution test

Q-Q plot has been performed to examine
whether the data is normally distributed. Adherence
of data to a 45-degree slope indicates that the data is
normally distributed.

2.6.3 Descriptive statistics

It provides the data spread both longitudinally
(mean and median) referring to the central tendency
and horizontally (standard deviations or stdev and
skewness) denoting the extent of data dispersion.

2.6.4 Correlation test

Pearson’s or Spearman’s correlation ( ¢ ) and
the respective statistical significance (p-values
<0.05; CI 95%) between each of the HRVBs and
PCOS cases are finally computed according to the

Population (N=371)
PCOS: 218; Healthy: 153
\

data distribution. The correlation values are either
positive (close to 1.0) or negative (close to -1.0) or
non-correlated (close to 0). Based on these values
(  and p-values), each of the significant HRVBs is
identified %],

2.6.5 Classification metric

HRVBs are ranked as the representative of
PCOS during the FM. Later, these HRVBs are used
for PCOS prediction with Lyfas in the RM group
and then validated against the diagnosis of the
gynecologists, and the recall, specificity, accuracy,
precision, f-score, and Youden’s index are
measured. Fig. 2 shows the schematic diagram of
the methodology/study design.

2.6.6 Bland Altman’s reliability test (BART)

It is the reliability assessment of the measure
of a novel instrument (Lyfas biomarker application
in this case) to that of a champion instrument (here,
the expert gynecologists) statistically. The
reliability score is calculated based on the
proportional bias (i.e., the bias in mean difference
of two measures) it generates when compared 1*°!. It
is worth noting that the bias and reliability are
inversely proportional. Thus, for a reliable
instrument, less bias is expected.

i
Forward Miners (N=210)
PCOS: 135; Healthy: 75

i

LYFAS TESTS
(7 am, 2 pm, 10 pm) x 6 months

J’ average

HRVBs

Gz-DvUOorZ

l Correlation: P, p-values

Significant HRVBs
in Forward Miners

Reverse Mappers (N=161)
PCOS: 83; Healthy: 78

l

Lyfas screening results Gynecologists’ diagnosis

\/

VALIDATION

* Recall

* Specificity

* Precision

* Accuracy

+ f-score

* Youden'sindex

* Bland-Altman’s
reliability test

Figure 2: The study design
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3. Results

3.1 Internal consistency check

The Cronbach’s a for the population is 0.87,
which means that the data is of good quality [*’! and
therefore, reliable for undergoing statistical analysis.

3.2 Data distribution check

Quantile-Quantile plot (Q-Q plot) for the
normality test shows (refer to Fig. 3) the probability
distribution of the data along a 45-degree straight
line, which refers to the mean value. Data well-
wrapped around the mean value is normally
distributed, otherwise, it is not a normal distribution
[30]

In this study, the population is not normally
distributed.

80 -

[=1]
Q
L

sample Quantiles
I
o
|

[
Q
L

T T
0 20

T T
60 80

Theoretical Quantiles

Figure 3: Q-Q plot of the study population

3.3 Central tendency and data dispersion check

Descriptive statistics of the PCOS and healthy subjects can be viewed in Table 2.

Table 2: Descriptive statistics of PCOS and healthy groups

HRVBs Mean Median Stdev Skewness
PCOS | Healthy | PCOS | Healthy | PCOS | Healthy | PCOS | Healthy
HRVScore | 66.38 66.34 66 66 9.67 9.51 0.08 0.07
SDNN 47.13 47.15 47 47 8.15 8.22 -0.10 -0.10
RMSSD 65.66 65.32 66 66 12.15 12.22 -0.08 -0.08
pNN50 35.02 35.12 35 35 14.83 14.67 0.07 0.05
SD1/SD2 1.99 2 2 2 0.79 0.78 0.008 -0.01
LF/HF 2.54 2.56 3.6 34 1.11 1.10 -0.02 -0.03
Descriptive statistics do not show any 3.4 Correlation check
appreciable differences in the HRVB values Spearman’s rank correlation test has been

between the PCOS and healthy groups. It is
important to mention here that higher LF/HF scores
are seen in both PCOS and healthy groups, however,
PCOS cases have corroborating symptoms,
laboratory reports (e.g., high testosterone), and
pelvic ultrasound showing multiple cystic changes
in the ovaries.

Am. J. Biomed. Sci. 2022,14(2),72-90;d0i:10.5099/aj220200072

conducted as the data is not normally distributed
(refer to Fig. 3) and is large-sized. The strength of
correlation (positive and negative) and the
respective p-values are calculated to rank the
significant HRVBs. Fig. 4 shows the heatmap for
visualizing the correlation results on FM.
Significant HRVBs are then mapped on RM to
screen PCOS by Lyfas, which is later validated by
the gynecologists.

© 2022 by NWPIL. All rights reserved 77



HRVScore
1

0.5
o
a
wn
3
0 0.4
[T
=
Y -0.3
=z
g -0.2
(0]
2 L 0.1
()]
s
4
o 0.0
n
=
=
o

-0.1
S
O @l
a

) 1
HRVScore SD1/SD2 LF/HF SDNN RMSSD pNN50 PCOS

Figure 4: Spearman’s correlation plots

Based on these HRVBs, PCOS prediction is then
performed on the RM group, which is then
validated by the gynecologists (refer to Table 3).

The plot showcases high positive correlations
between SD1/SD2 ( p = 0.45) and LF/HF (p =
0.60) each with PCOS and are statistically

significant (p-values 0.02 and 0.009, respectively).
3.5 Classification metric

Table 3: Lyfas prediction (PCOS_L) based on significant HRVBs validated by gynecologists (PCOS_G)

Color code: High Values - , TP - TN . FP- . FN-

No. | HRVScore | SD1/SD2 | LF/HF | SDNN [ RMSSD | pNN50 | PCOS_L | PCOS_G
1 67 2 2 60 51 54 0 1
3 55 48 67 55 1 0
4 67 2 54 78 30 1 0
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5 70
6 64
7 51
8 66
9 56
10 62
11 65
12 58
13 58
14 55
15 74
16 75
17 67
18 79
19 72
20 50
21 77
22 82
23 55
24 60
25 64
26 59
27 66
28 70
29 57
30 52
31 73
32 72
33 62
34 55
35 54
36 52
37 50
38 56
39 68
40 73
41 79
42 80
43 51
44 78
45 65
46 55
47 63
48 78
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49 76 2 44 84 25
50 50 2 48 53 43
51 58 57 48 14
52 73 2 45 49 16
53 52 1 49 61 58
54 69 2 37 71 32
55 69 2 43 56 42
56 74 1 45 62 31
57 61 1 59 54 36
58 74 1 43 68 55
59 81 1 56 83 38
60 58 1 54 80 27
61 74 2 49 73 23
62 72 2 39 75 57
63 71 1 49 73 23
64 75 42 48 17
65 61 38 69 54
66 71 54 81 26
67 67 50 73 44
68 71 37 75 44
69 82 60 67 29
70 72 43 61 60
71 50 39 45 42
72 80 1 56 50 50
73 68 1 47 57 28
74 58 58 66 30
75 64 52 57 41
76 72 52 52 41
77 78 41 79 56
78 56 50 66 46
79 59 53 82 36
80 67 34 62 29
81 55 60 65 31
82 68 42 68 58
83 73 44 51 31
84 68 60 72 52
85 70 37 45 58
86 50 59 46 48
87 66 44 86 45
88 66 35 45 30
89 62 57 61 44
90 53 60 65 59
91 57 36 59 60
92 63 35 74 38
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93 60 33 71 17
94 58 40 85 44
95 68 37 59 31
96 76 38 61 53
97 54 55 65 34
98 65 35 79 53
99 55 47 49 15
100 78 56 65 26
101 60 55 48 29
102 74 57 45 60
103 71 41 61 37
104 69 56 81 51
105 74 49 48 57
106 82 54 56 36
107 51 35 74 12
108 53 59 81 19
109 73 33 72 52
110 53 46 51 60
111 61 54 46 21
112 52 58 81 31
113 63 50 45 38
114 58 38 61 37
115 58 44 57 24
116 68 52 58 28
117 75 52 51 20
118 65 38 70 36
119 60 52 86 55
120 79 47 54 35
121 69 56 79 35
122 51 49 48 32
123 56 1 58 83 12
124 51 1 49 64 46
125 63 1 56 48 18
126 81 2 36 64 37
127 60 2 39 45 43
128 79 2 39 79 43
129 62 1 55 68 24
130 65 2 51 77 57
131 50 2 37 61 48
132 68 1 59 81 12
133 52 2 35 86 50
134 65 1 49 67 23
135 73 1 47 60 25
136 50 2 39 67 49
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137 59 1 2 55 86 42 0 0
138 61 1 2 47 84 58 0 0
139 80 1 4 57 46 43 0 0
140 50 1 3 60 69 47 0 0
141 76 3 4 46 68 19 1 1
142 82 2 3 51 60 55 0 0
143 66 1 2 60 64 16 0 0
144 61 3 3 59 62 41 1 1
145 59 2 2 46 53 32 0 0
146 74 2 2 39 69 20 0 0
147 57 1 2 49 83 24 0 0
148 80 3 3 56 65 11 1 1
149 69 1 2 32 57 28 0 1
150 82 2 3 32 71 35 1 1
151 81 3 2 41 60 16 1 1
152 58 1 4 54 75 15 0 0
153 56 1 4 36 70 43 0 0
154 81 3 4 50 62 25 1 1
155 59 3 1 36 71 31 0 0
156 65 3 4 56 57 28 1 1
157 72 3 1 39 85 58 0 1
158 65 1 1 55 49 38 0 1
159 66 1 3 33 44 31 0 1
160 67 3 1 53 70 33 0 1
161 64 3.2 2 50 67 32 1 1

In the RM group, from Table 3, it can be noted
that there are high values of anxiety and anger
biomarkers, i.e., SD1/SD2 and LF/HF, which are
found in 30.6% and 53.12% of the cohort
respectively. As per the correlation studies, LF/HF
ranks first, closely followed by SD1/SD2, and
hence, in cases where both SD1/SD2 and LF/HF are
high, Lyfas predicts that there are high chances of
PCOS (column PCOS_L in Table 3 and marked by
‘1’). On the other hand, gynecologists have used

their clinical experience and International PCOS
guidelines (2018) 'l for arriving at the diagnosis
(column PCOS G in Table 3 and marked by ‘1°).
Below, Table 4 shows the classification metric i.e.,
recall I, specificity (Sp), precision (P), accuracy (A),
fscore (f), and Youden’s index (Y) of Lyfas when
compared to the diagnosis made by the
gynecologists are mentioned. True positive (TP),
True negative (TN), False positive (FP), and False
negative (FN) are calculated for validation [**!

Table 4. The classification metric

TP 71
FP 12
TN 63
FN 15
Total | 161

R |0.82
Sp | 0.84
P |085
A 083
f |0.84
Y | 0.66
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Hence, Lyfas is found to be 83% accurate and
85% precise in predicting PCOS possibilities using
just two HRVBs, i.e., SD1/SD2 and LF/HF in just
3-5 minutes. Youden’s index is a reliability test for
any novel medical instrument where a value over
50% qualifies it for its usability [**) when compared
to a gold-standard instrument 133/,

3.6 Agreement check between Lyfas (new
measure) and gynecologists (gold standard
expert measure)

Percentage difference between methods
"

Bland Altman reliability test measures the
reliability in terms of calculating the proportional
bias, which is expected to be low for a reliable
instrument/model. Fig. 5 shows Bland Altman’s
reliability plot. Here, the proportional bias (i.e., a
bias between the mean differences) of Lyfas is
merely -1.27, which means that its agreement is
high.

+1.96 SD
5237

Meaﬁn
-1.25

-54.87
-1.96 SD

Mean of methbds

Figure 5: BART plot: Lyfas prediction mapped to the gynecologist's prediction

3.7 A case study

A sample POS case with the Lyfas report,
laboratory tests, and USG report can be viewed in
Fig. 6. Here, the case is a 35-year-old unmarried
woman with the chief complaint of hirsutism,

amenorrhea for four months. On the Lyfas test, her
LF/HF is >2, and a low pNN50 explains that she is
not in a good health state. Her serum testosterone
level is high and pelvic USG shows multiple cystic
lesions in both ovaries.

obesity, mood dysregulations, insomnia, and
] @ — Tess Description Gbserved Vahie Siclogical Relsrenes Rangel
5 i) Lyfas Detailed HRV Analysis E TESTOSTERONE TOTAL B
1,600 2 I o | et ik ¥ 01007 ngié 7
1,200 -
ggg \ } \\\\ ig Piesse corrime clnically

W Mag Spectrum B HRvScore M Current Health

. 60 60
30 30
o o

M RMSSD M pNNSO W (Bl Histogram
60

a %0 &
60 20
e i 0
W HR M SONN M Respiratory

HRY Statistics

Parameter Value [l Fair Good (G ks
SDNN(ms) 30.7 200 350 50.0 90.0 VLF LF  HF VHF
RMSSD(ms) 47.7 260 380 540 700 ~ 3872 1316 514 492
Vo2MaxN% 690 75 85 98 998

PNNSO(%) 100 40 110 180 240 , e

HRVScore 77 650 730 80.0 850 ~  SD1/SD2=1.1(12)
HR 83 >B4.0 <76.0 <68.0 >60.0 Energy=101mJ/Kg?a0
LF/HF 22 525 2 <16 <1 bl

RGN s .5 Wormal i

LYFAS TEST

LABORATORY TEST

NAME AGE/SEX:35 YEARS / F
REF.BY: SELF l pATE D i

BELVIS SONOGRAPHY REPORT
Urinary Bladder is distended; no focal or diffuse wall thickening is seen.

Uterus is anteverted, bulky in size and normal echotexture, measuring 9.9 x 4.2 X 5.4
cm, no focal lesion is seen.

ET—85mm,
Both ovaries are mildly bulky in size, and show multiple tiny subem sized

peripherally arranged follicles with central echogenic stroma....s/o Bilateral
Polycystic Ovaries.

- 45 x 35 % 3.5 em (Volume= 30.0 cc), shows a simple cyst measuring
approximately 3.1 x 2.9 cm.

Leftovary -3.7x 2.1 x 2.7 em (Volume= 11.6 cc)

Bothe adnexae appear normal.

No free fluid is seen in the pelvis.

IMPRESSION:

* Bulky uterus,
« F/S/0 Bilateral Polycystic Ovaries with a right simple ovarian cyst.

ADV: Hormonal Study/ Clinicor

PELVIC USG

athological correlation.

Figure 6: A sample PCOS case with Lyfas, Laboratory, and Pelvic USG report
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4. Discussion

Sound reproductive health is the sign of
autonomic-endocrine balance in the body. Due to
lifestyle changes, it is being affected worse in the
global population. Reproductive health has been
worst-affected in the COVID-19 pandemic due to
immune-endocrine axis dysregulations, sedentary
lifestyles, and  uncertainties leading to
biopsychosocial stress in the population **), Present
studies have shown that there is a drastic fall in
reproductive health, globally %, The rate of
infertility has gone up *°, and so has early
menopause (menopause before the age of 45 years)
37, In most cases, PCOS is the principal reason,
affecting teenagers as well *%,

The paper is an attempt to predict the
possibility of PCOS in the suspected population
using smartphone technology, Lyfas. Android
smartphones have successfully been wused to
telemonitor the ECG [*%. Lyfas works on both
android version 7 and above and i0S OS "%, Tt is (i)
fast (takes 3-5 minutes from start to analytics-
powered reporting), (ii) ubiquitous (user can install
it on her mobile phone at the home-comfort), and
hence the test can be taken from anywhere at any
time, (ii1) user-friendly (voice-assisted), (iv) non-
invasive (just needs placing the index finger on the
rear camera of mobile and no breach of the skin is
required), (v) personalized (the report is generated
within the smartphone of the user), and (vi)
validated through rigorous clinical research.

PCOS is a metabolic syndrome involving the
ANS widely . The IR is central to its
pathophysiology. IR causes a high amount of
circulating insulin in the blood, which has a
negative feedback loop with the circulating Sex
hormone-binding globulin (SHBG) *! Low SHBG

causes high free testosterone in the blood, produced
majorly from the ovaries than the adrenal gland, as
evident by ovarian enlargement [*?], Hypersecretion
of luteinizing hormone (LH), high LH-Follicular
stimulating  hormone  (FSH)  ratio, and
hypothalamic-pituitary-ovarian axis malfunction is
blamed for hypersecretion of testosterone by the
ovaries  [*l. High  testosterone  hinders
folliculogenesis and infertility in PCOS women. It
stimulates hair growth like men (hirsutism) and also
men-pattern of baldness. Testosterone stimulates
amygdala-driven fight or flight mode ) in the
brain. As a result, sympathetic overdrive occurs in
most PCOS cases and the sympathovagal balance is
compromised often. SD1/SD2 and LF/HF are the
sympathovagal ratios, widely acknowledged as the
anxiety and anger biomarkers (see table 1),
respectively. In both conditions, sympathetic
dominance is noted and the ratios are high.
Persistent dominance (reflected by higher SD1/SD2
and LF/HF scores) coupled with the symptoms such
as mood dysregulations, such as anxiety ** and
anger ], arterial stiffness [*°!, and lack of sleep [+
are the signs of PCOS. The authors of this paper
suggest that the Lyfas results, later, supported by
the laboratory tests, such as a high level of
testosterone, HOMA-IR or Belfiore index (IRI) 147,
and a positive pelvic ultrasound would suffice in
predicting PCOS at a much early stage of the
disease. Early intervention, such as lifestyle
modifications, regular exercise, and the start of
medications, would reduce the risk of infertility due
to anovulation, T2DM due to IR, and CVD due to
early atherosclerosis and hypertension. A study has
also shown that IR alone elevates the testosterone
level in PCOS cases *l. The interlinked
pathophysiology of PCOS to HRVBs can be seen in
Fig. 7.
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Figure 7: Pathophysiology of PCOS to HRVBs

This study is a novel one where a smartphone
application Lyfas has been successfully applied. As
mentioned before, mHealth has tremendous
potential to cater to a larger population across the
wider geopolitical regions in the world in
addressing women’ s health. Its adoption is easy as
the number of smartphone users in the world is
already quite high and is still increasing. Installation
of Lyfas in the phone converts it into a personalized

and pervasive healthcare instrument. There is no
extra hardware required as it uses the phone’s in-
built hardware. It has made Lyfas affordable and a
greater reach. It provides psychophysiological
insight in just 3-5 minutes and thus can be used as a
predictive tool in PCOS.

There are other PPG-based health instruments
available commercially in the market and most are
wearable types. Table 5. Gives a comparative

picture.

Table 5: Comparative picture of PPG-based tools and applications

Abbreviations: Dn, Device name; Dt, Device type; HRV, Heart rate variability; T, Time; A, Affordability; AS, Arterial
stiffness; AG, Aging; S, Stress; A, Anxiety; D, Depression.

Dn Dt HRV T A AS | ECG | AG | S A D
1 | Polar H10 sensor [+’] Chest wearable Yes | 5 min Costly Yes | Yes
2| Apple watch [V Wrist wearable 24 hrs Costly Yes | Yes | Yes
3 SanketLife [°!] Single gadget 5 min | Economic Yes Yes
4 Elite HRV 1) Single gadget Yes Costly Yes | Yes
5 Dozee > Contact-less gadget | Yes | 24 hrs Costly Yes Yes
6 Fibricheck >4 Finger touch gadget Economic Yes
7 Lyfas ('] Finger touch app | Yes | 120 sec | Economic | Yes Yes | Yes | Yes | Yes
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Contribution

The study has introduced a novel non-invasive
m-Health application Lyfas.

Lyfas HRVBs, which are the cardiovascular
optical biomarkers of ANS, introduced to explain
the pathophysiology of PCOS.

Lyfas HRVBs give psychophysiological
insight into PCOS, which helps mental health
professionals and the gynecologists work hand-in-
hand to treat the patients in a much more holistic
way, and

Lyfas can be used as a monitoring tool to
assess how well the patients are responding to the
treatment.

Limitation

Smaller sample size, and

Chances of accidental sampling bias as the
history of COVID-19 infection and vaccination
history are not taken. The impact of COVID-19 on
reproductive health is already discussed beforehand.

5. Conclusions

Prediction of the possibilities of PCOS in
women with the help of a personalized smartphone
application Lyfas is the first-ever attempt to the best
of the knowledge of the authors. Early prediction
and then seamless personalized monitoring of
PCOS cases with two important HRVBs (SD1/SD2
and LF/HF) would help gynecologists treat patients
effectively. The chances of treatment dropouts
would be less. Early treatment would reduce the
risk of infertility, CVD, T2DM, mental diseases,
and other metabolic illnesses in the vulnerable
population. In this paper, the authors encourage the
use of Lyfas in clinical practice as a valid and
reliable risk screening and health monitoring tool to
evaluate the underlying autonomic stress in the
affected population, much earlier than the pathology
develops.

Future work

Encouraging findings of this study have
stimulated the authors to conduct a much larger
multicentric research, which has been taken up
already by the authors to assess not only the roles of
SD1/SD2 and LF/HF but also the plausible
widespread roles of other HRVBs, such as pNN50,

HRVScore, SDNN, RMSSD, Stress, Energy, and so
forth in the much wider population of PCOS.

6. Recommendations

The authors’ recommendations are as follows:

1. Choice of candidates: Using Lyfas, early
screening of PCOS may be initiated as early as the
adolescence period if amenorrhea, hirsutism, and
obesity are present. History of infertility abreast
these symptoms in adults encourage them to take
Lyfas tests too.

2. Lyfas testing: At a rate of thrice daily for 21
days of their menstrual cycle for three consecutive
cycles, Lyfas tests can be taken in the suspected
population. The last 7 days of the cycle are
discarded to exclude premenstrual dysphoria which
often influences the biomarker scores.

3. Optical biomarkers: High LF/HF and
SD1/SD2 levels could be good non-invasive
biomarkers of suspected PCOS.

4. Usability: This method could be useful in
the rural or remote areas in the world where USG
facilities and high-end blood tests such as hormone
assays are not available or there is no gynecologist
and mental health professionals, available.

5. Holistic approach: PCOS must be treated
both by mental health professionals and
gynecologists  simultaneously to tackle the
psychopathology holistically. The current trend of
singleton therapy only by gynecologists might be
insufficient.

6. Continuous support: Apart from screening,
response to the treatment can also be non-invasively
monitored by Lyfas biomarkers. Effective treatment
may show normal LF/HF and SDI1/SD2 scores
alongside the improvement of signs and symptoms.
However, it requires more longitudinal studies on a
larger population.

7. Value adds to biomedical sciences: Lyfas
may be used as a validated assistive biomedical tool
for both gynecologists and mental health
professionals in the hospital/clinic setup. It would
facilitate an evidence-based (Lyfas analytics
supported) multidisciplinary therapeutic approach,
which is yet to be adopted by medical doctors.

Am. J. Biomed. Sci. 2022,14(2),72-90;d0i:10.5099/2j220200072 © 2022 by NWPIIL. All rights reserved 86



References

1

Melo AS, Ferriani RA, Navarro PA. Treatment
of infertility in women with polycystic ovary
syndrome: approach to clinical practice.
Clinics (Sao Paulo). 2015; 70(11): 765-769.
[doi: 10.6061/clinics/2015(11)09]

Ganie MA, Vasudevan V, Wani IA, Baba MS,
Arif T, Rashid A. Epidemiology, pathogenesis,
genetics & management of polycystic ovary
syndrome in India. Ind J Med Res. 2019;
150(4): 333-344. [doi.org/10.4103]

Rao M, Broughton KS, LeMieux MJ. Cross-
sectional Study on the Knowledge and
Prevalence of PCOS at a Multiethnic
University. Prog Prev Med. 2020; 2020(p
€0028): [doi: 10.1097/pp9.0000000000000028]
Shekokar SP. Why PCOS is on the rise among
Indian women. Daily O 21-4-2017. Available
online at:
https://www.dailyo.in/variety/polycystic-
ovary-syndrome-womens-
health/story/1/16785.html [last accessed on 20-
4-2022]

Kanwal, S. Polycystic ovary syndrome issues
among women India 2020, by age group.
Statista.com 15-2-2022. Available online at:
https://www.statista.com/statistics/1136572/ind
ia-polycystic-ovary-syndrome-issues-among-
women-by-age-
group/#:~:text=Polycystic%20ovary%20syndr
ome%20issues%20among%20women%20Indi
a%202020%2C%20by%20age%20group&text
=As%20per%20the%20results%200of,suffered
%_20f]last accessed on 20-4-2022]

Mehreen TS, Ranjani H, Kamalesh R, Ram U,
Anjana RM, Mohan V. Prevalence of
polycystic  ovarian  syndrome  among
adolescents and young women in India. J
Diabetol. 2021; 12(3): 319-325. [doi:
10.4103/JOD.JOD_105_20]

Cunha A, Pévoa AM. Infertility management in
women with polycystic ovary syndrome: a

review. Porto Biomed J. 2021; 6(1): el16. [doi:

10.1097/1.pbj.0000000000000116]

Wu CH, Chiu LT, Chang YT, Lee CI, Lee MS,
Lee TH, et al. Hypertension Risk in Young
Women With Polycystic Ovary Syndrome: A
Nationwide Population-Based Cohort Study.

10

11

12

13

14

15

16

Front Med Obstet Gynecol Surg. 2020; 2020:
[doi.org/10.3389/fmed.2020.574651]

Ding DC, Tsai 1J, Wang JH, Lin SZ, Sung FC.
Coronary artery disease risk in young women
with polycystic ovary syndrome. Oncotarget
2018; 909): 8756-8764 DOLI:
10.18632/oncotarget.23985

Chang AY, Oshiro J, Ayers C, Auchus RJ.
Influence of race/ethnicity on cardiovascular
risk factors in polycystic ovary syndrome, the
Dallas Heart Study. Clin Endocrinol (Oxf)
2016; 85(1): 92-99 DOI: 10.1111/cen.12986
Cioana M, Deng J, Nadarajah A, Hou M, Qiu
Y, Chen SSJ, Rivas A, Banfield L, Alfaraidi H,
Alotaibi A, Thabane L, Samaan MC.
Prevalence of Polycystic Ovary Syndrome in
Patients With Pediatric Type 2 Diabetes: A
Systematic Review and Meta-analysis. JAMA
Netw Open 2022; 5(2): e2147454 DOI:
10.1001/jamanetworkopen.2021.47454
Hudnut-Beumler J, Kaar JL, Taylor A, Kelsey
MM, Nadeau KJ, Zeitler P, Snell-Bergeon J,
Pyle L, Cree-Green M. Development of type 2
diabetes in adolescent girls with polycystic
ovary syndrome and obesity. Pediatr Diabetes
2021; 22(5): 699-706 DOLI:
10.1111/pedi.13206

Tabassum F,Jyoti C, Sinha HH, Dhar K, Akhtar
MS. Impact of polycystic ovary syndrome on
quality of life of women in correlation to age,
basal metabolic index, education and marriage.
PLoS ONE. 2021; 16(3): e0247486.
[doi.org/10.1371/journal.pone.02]

Brutocao C, Zaiem F, Alsawas M, Morrow AS,
Murad MH, Javed A. Psychiatric disorders in
women with polycystic ovary syndrome: a
systematic ~ review and  meta-analysis.
Endocrine 2018; 62(2): 318-325 [PMID:
30066285 DOI: 10.1007/s12020-018-1692-3]
https://www.lyfas.com/. [Online].; 2022 [cited

2022 March 2. Available from:
https://www.lyfas.com/
[Online] Available from:

https://www.alliedmarketresearch.com/mobile-
health-
market#:~:text=Mobile%20Health%20Market
%200verview%3A.the%20collection%200f%
20patient%20data

Am. J. Biomed. Sci. 2022,14(2),72-90;d0i:10.5099/2j220200072 © 2022 by NWPIIL. All rights reserved 87


10.6061/clinics/2015(11)09
doi.org/10.4103
10.1097/pp9.0000000000000028
https://www.dailyo.in/variety/polycystic-ovary-syndrome-womens-health/story/1/16785.html
https://www.dailyo.in/variety/polycystic-ovary-syndrome-womens-health/story/1/16785.html
https://www.dailyo.in/variety/polycystic-ovary-syndrome-womens-health/story/1/16785.html
https://www.statista.com/statistics/1136572/india-polycystic-ovary-syndrome-issues-among-women-by-age-group/
https://www.statista.com/statistics/1136572/india-polycystic-ovary-syndrome-issues-among-women-by-age-group/
https://www.statista.com/statistics/1136572/india-polycystic-ovary-syndrome-issues-among-women-by-age-group/
https://www.statista.com/statistics/1136572/india-polycystic-ovary-syndrome-issues-among-women-by-age-group/
https://www.statista.com/statistics/1136572/india-polycystic-ovary-syndrome-issues-among-women-by-age-group/
https://www.statista.com/statistics/1136572/india-polycystic-ovary-syndrome-issues-among-women-by-age-group/
https://www.statista.com/statistics/1136572/india-polycystic-ovary-syndrome-issues-among-women-by-age-group/
https://www.statista.com/statistics/1136572/india-polycystic-ovary-syndrome-issues-among-women-by-age-group/
10.4103/JOD.JOD_105_20
10.1097/j.pbj.0000000000000116
doi.org/10.3389/fmed.2020.574651
10.18632/oncotarget.23985
10.1111/cen.12986
10.1001/jamanetworkopen.2021.47454
10.1111/pedi.13206
doi.org/10.1371/journal.pone.02
10.1007/s12020-018-1692-3
https://www.lyfas.com/
https://www.alliedmarketresearch.com/mobile-health-market
https://www.alliedmarketresearch.com/mobile-health-market
https://www.alliedmarketresearch.com/mobile-health-market
https://www.alliedmarketresearch.com/mobile-health-market
https://www.alliedmarketresearch.com/mobile-health-market

17

18

19

20

21

22

23

24

Sun S. Number of smartphone users in India in
2010 to 2020, with estimates until 2040.
Statista.com 03-9-2021. Available online at:
https://www.statista.com/statistics/467163/fore
cast-of-smartphone-users-in-india/ [Last
accessed on 20-4-22]

Galan N. Differential diagnosis of PCOS.
verywell health. 02-03-2022. Available online
at:  https://www.verywellhealth.com/what-is-
the-differential-diagnosis-of-pcos-
2616642#:~:text=Polycystic%20ovary%20syn
drome%20(PCOS)%20is.,a%20diagnosis%20c
an%?20be%20made.&text=This%20process%2
0is%20called%20a%?20differential%20diagnos
is

Pinheiro DJLL, Santos TC, Spacini GR, Guerra
APS, Bacci MCL, Nemecek MG, et al.
Hypothyroidism and its influence in the
development of Metabolic Syndrome (MetS).
MedRxiv. 2021;
[doi.org/10.1101/2021.03.13.21253240].
Harvard Health Blog . Heart rate variability:
How it might indicate well-being. 01-12-2021
Available online at:
https://www.health.harvard.edu/blog/heart-
rate-variability-new-way-track-well-
20171122127894#:~:text=People%20who0%20h
ave%20a%20high.steps%20toward%20a%20h
ealthier%20life. [last accessed on 20-4-22]
Chattopadhyay S, Das R. Lyfas, A Smartphone-
Based Subclinical Depression Tracker. Int J
Psychiatr Res. 2021; 4(6): 1-9. [doi:
10.33425/2641-4317.1120]

Chattopadhyay S,Das R.Comparing Heart Rate
Variability with Polar H10 Sensor and Pulse
Rate Variability with LYFAS: A Novel Study.
J Biomed Eng Technol. 2021; 9(1): 1-9. [doi:
10.12691/jbet-9-1-1]

Chattopadhyay S, Das R. Statistical Validation
of Cardiovascular Digital Biomarkers Towards
Monitoring the Cardiac Risk in COPD: A
Lyfas Case Study. Artificial Intelligence
Evolution. 2022; 3(1): 1-16.
[doi.org/10.37256/aie.3120221252].

Almeshari WK, Alsubaic AK, Alanazi RI,
Almalki YA, Masud N, Mahmoud SH.
Depressive and Anxiety Symptom Assessment
in Adults with Polycystic Ovarian Syndrome.

25

26

27

28

29

30

31

32

33

Depress Res Treat 2021; 2021: 6652133 DOI:
10.1155/2021/6652133

Yin MXC, Du LB, Zou XN, Fung YL, Sun YY,
Chan CHY, et al. Can Psychosocial
Intervention  Suppress  Testosterone  and
Triglycerides Among Women With Polycystic
Ovary Syndrome? A Feasibility Trial. Front
Psychol. 2021; 2021. [doi:
10.3389/fpsyg.2021.690539. eCollection 2021]
Cronbach LJ. Coefficient alpha and the internal
structure of tests. Psychometrika. 1951; 16:
297-334

Goforth C. University of Virgina Research Data
Services+Sciences. Using and Interpreting
Cronbach's alpha.. 2015.

Chattopadhyay S, Shinha P. Understanding
factors impacting covid vaccination in India: A
preliminary report. Quantum Journal of
Medical and Health Sciences. 2021; 1(3): 18-
31.

Bland JM, Altman DG. Measuring agreement
in method comparison studies.Stat Methods
Med Res. 1999; 8: 135-60.
[doi:10.1191/096228099673819272].
Chattopadhyay S, Chattopadhyay AK, Aifantis
EC. Predicting Case Fatality of Dengue
Epidemic: Statistical Machine Learning
Towards a Virtual Doctor. J Nanotechnol
Diag Treat. 2021; 7: 10-24.
[dx.doi.org/10.12974/2311-8792.2021.07.2].
Teede HJ, Misso ML, Costello MF, Dokras A,
Laven J, Moran L, Piltonen T, Norman RIJ,
International PN. Recommendations from the
international evidence-based guideline for the
assessment and management of polycystic
ovary syndrome. Fertil Steril 2018; 110(3):
364-379 DOI: 10.1016/j.fertnstert.2018.05.004
Chattopadhyay = AK , Chattopadhyay  S.
VIRDOCD: A VIRtual DOCtor to predict
dengue fatality. Expert Syst. 2021; ¢12796.: 1-
17. [doi: 10.1111/exsy.12796].

Chattopadhyay S, Das R. A Framework for
Testing the Reliability and Validity of a Novel
Non-Invasive Digital Biomarker Instrument
Using Statistical Techniques: A Case Study
with Lyfas. Trans Mach Learn Artif Intell.
2022; 10(2): 01-13. [doi:
10.14738/tmlai.102.2022]

Am. J. Biomed. Sci. 2022,14(2),72-90;d0i:10.5099/2j220200072 © 2022 by NWPIIL. All rights reserved 88


https://www.statista.com/statistics/467163/forecast-of-smartphone-users-in-india/
https://www.statista.com/statistics/467163/forecast-of-smartphone-users-in-india/
https://www.verywellhealth.com/what-is-the-differential-diagnosis-of-pcos-2616642
https://www.verywellhealth.com/what-is-the-differential-diagnosis-of-pcos-2616642
https://www.verywellhealth.com/what-is-the-differential-diagnosis-of-pcos-2616642
https://www.verywellhealth.com/what-is-the-differential-diagnosis-of-pcos-2616642
https://www.verywellhealth.com/what-is-the-differential-diagnosis-of-pcos-2616642
https://www.verywellhealth.com/what-is-the-differential-diagnosis-of-pcos-2616642
https://www.verywellhealth.com/what-is-the-differential-diagnosis-of-pcos-2616642
doi.org/10.1101/2021.03.13.21253240
https://www.health.harvard.edu/blog/heart-rate-variability-new-way-track-well-2017112212789
https://www.health.harvard.edu/blog/heart-rate-variability-new-way-track-well-2017112212789
https://www.health.harvard.edu/blog/heart-rate-variability-new-way-track-well-2017112212789
https://www.health.harvard.edu/blog/heart-rate-variability-new-way-track-well-2017112212789
https://www.health.harvard.edu/blog/heart-rate-variability-new-way-track-well-2017112212789
10.33425/2641-4317.1120
10.12691/jbet-9-1-1
doi.org/10.37256/aie.3120221252
10.1155/2021/6652133
10.3389/fpsyg.2021.690539. eCollection 2021
10.1191/096228099673819272
dx.doi.org/10.12974/2311-8792.2021.07.2
10.1016/j.fertnstert.2018.05.004
10.1111/exsy.12796
10.14738/tmlai.102.2022

34

35

36

37

38

39

40

41

42

Atkinson L, Kite C, McGregor G, James T,
Clark CCT, Randeva HS, Kyrou I. Uncertainty,
Anxiety and Isolation: Experiencing the
COVID-19 Pandemic and Lockdown as a
Woman with Polycystic Ovary Syndrome
(PCOS). J Pers Med 2021; 11(10) DOI:
10.3390/jpm11100952

Ardakani TS, Ardakani BAT. Effect of Covid-
19 Pandemic on Women's Reproductive Health
Components: A Narrative Review. J
Midwifery Reproductive Health. 2021; 9(3):
2782-2790.

Zhou B, Joudeh A, Desai MJ, Kwan B,
Nalawade V, Whitcomb BW, Su HI. Trends in
Infertility Care Among Commercially Insured
US Women During the COVID-19 Pandemic.
JAMA Netw Open 2021; 4(10): 2128520 DOI:
10.1001/jamanetworkopen.2021.28520

Choe S, Kim Y, Kang I, Sim C, Heo J, Koh Y,
et al. Risk factors for premature or early
menopause: a comparative study between
United States and South Korean women. Fertil
Steril. 2017; 108(3 Suppliment E120-E121).
[doi:https://doi.org/10.1016/j.fertnstert.2017.07.
369]

Morgante G, Troia L, De Leo V. Coronavirus
Disease 2019 (SARS-CoV-2) and polycystic
ovarian disease: Is there a higher risk for these
women? J Steroid Biochem Mol Biol 2021;
205: 105770 DOLI:
10.1016/j.jsbmb.2020.105770

Luong DT, Thai Ha N, Duc Thuan N. Android
Smart-Phone Applications in Tele-monitoring
Electrocardiogram (ECG). Am J Biomed Sci.
2019; 11(1): 15-21. [doi: 10.5099/aj190100015]
Liao B, Qiao J, Pang Y. Central Regulation of
PCOS: Abnormal Neuronal-Reproductive-
Metabolic Circuits in PCOS Pathophysiology.
Front Endocrinol (Lausanne) 2021; 12:
667422 DOI: 10.3389/fendo.2021.667422
Baptiste CG, Battista MC, Trottier A,
Baillargeon JP. Insulin and hyperandrogenism
in women with polycystic ovary syndrome. J
Steroid Biochem Mol Biol 2010; 122(1-3): 42-
52 DOI: 10.1016/1.jsbmb.2009.12.010
Kempegowda P, Melson E, Manolopoulos KN,
Arlt W, O'Reilly MW. Implicating androgen
excess in propagating metabolic disease in
polycystic ovary syndrome. Ther Adv

43

44

45

46

47

48

49

50

Endocrinol Metab
2042018820934319
10.1177/2042018820934319
White SF, Lee Y, Phan JM, Moody SN,
Shirtcliff EA. Putting the flight in "fight-or-
flight": Testosterone reactivity to skydiving is
modulated by autonomic activation. Biol
Psychol  2019; 143:  93-102  DOI:
10.1016/].biopsycho.2019.02.012

Kite C, Atkinson L, McGregor G, Clark CCT,
Brown JE, Kyrou I, Randeva HS. Sleep
Disruption and Depression, Stress and Anxiety
Levels in Women With Polycystic Ovary
Syndrome (PCOS) During the Lockdown
Measures for COVID-19 in the UK. Front
Glob Womens Health 2021; 2: 649104 DOI:
10.3389/fgwh.2021.649104

Borghi L, Leone D, Vegni E, Galiano V,
Lepadatu C, Sulpizio P, Garzia E.
Psychological distress, anger and quality of life
in polycystic ovary syndrome: associations
with biochemical, phenotypical andsocio-
demographic factors. J Psychosom Obstet
Gynaecol 2018; 39(2): 128-137 DOI:
10.1080/0167482X.2017.1311319
Chattopadhyay S, Das R. Towards
Corroborating the Arterial Stiffness with Lyfas
Optical Biomarkers: A Novel Study. Am J
Biomed Sci. 2022; 14(1): 12-28. [doi:
10.5099/2j220100012]

Lewandowski KC, Skowronska-Jozwiak E,
Lukasiak K, Galuszko K, Dukowicz A, Cedro
M, Lewinski A. How much insulin resistance
in polycystic ovary syndrome? Comparison of
HOMA-IR and insulin resistance (Belfiore)
index models. Arch Med Sci 2019; 15(3): 613-
618 DOI: 10.5114/a0ms.2019.82672

Ding H, Zhang J, Zhang F, Zhang S, Chen X,
Liang W, Xie Q. Resistance to the Insulin and
Elevated Level of Androgen: A Major Cause
of Polycystic Ovary Syndrome. Front
Endocrinol (Lausanne) 2021; 12: 741764
DOI: 10.3389/fend0.2021.741764
[Online].[cited 2021 October 9. Available from:
https://www.polar.com/en/products/accessories
/H10 heart rate_sensor

Altini M. How to make sense of your Apple
Watch Heart Rate Variability (HRV) data. A
theoretical and practical guide: updated to i0S

2020; 11:
DOI:

Am. J. Biomed. Sci. 2022,14(2),72-90;d0i:10.5099/2j220200072 © 2022 by NWPIIL. All rights reserved 89


10.3390/jpm11100952
10.1001/jamanetworkopen.2021.28520
https://doi.org/10.1016/j.fertnstert.2017.07.369
https://doi.org/10.1016/j.fertnstert.2017.07.369
10.1016/j.jsbmb.2020.105770
10.5099/aj190100015
10.3389/fendo.2021.667422
10.1016/j.jsbmb.2009.12.010
10.1177/2042018820934319
10.1016/j.biopsycho.2019.02.012
10.3389/fgwh.2021.649104
10.1080/0167482X.2017.1311319
10.5099/aj220100012
10.5114/aoms.2019.82672
https://www.polar.com/en/products/accessories/H10_heart_rate_sensor
https://www.polar.com/en/products/accessories/H10_heart_rate_sensor

51

13 and WatchOS 6. [Online].; 2018 [cited
2022 March 24, Available from:
https://medium.com/@altini_marco/how-to-
make-sense-of-your-apple-watch-heart-rate-
variability-hrv-data-89bf4a510438

SanketLife. SanketLife. [Online].; 2022 [cited
2022 March 24. Available from:
https://sanketlife.in/products/sanketlife-2-0.

52 HRV E.EHRV Accurate Heart Rate Variability.

Am. J. Biomed. Sci. 2022,14(2),72-90;d0i:10.5099/2j220200072 © 2022 by NWPIIL. All rights reserved

[Online]. [cited 2022 March 24. Available
from: https://elitehrv.com/

53

54

[Online].;2021 [cited 2022 March 24. Available
from: https://www.dozee.health/post/ __hrv
The FibriCheck guide to analyse PPG
measurements. [Online].; 2021 [cited 2022
March 24. Available from:
https://www.fibricheck.com/the-fibricheck-
guide-to-analyse-ppg-measurements/

90


https://medium.com/@altini_marco/how-to-make-sense-of-your-apple-watch-heart-rate-variability-hrv-data-89bf4a510438
https://medium.com/@altini_marco/how-to-make-sense-of-your-apple-watch-heart-rate-variability-hrv-data-89bf4a510438
https://medium.com/@altini_marco/how-to-make-sense-of-your-apple-watch-heart-rate-variability-hrv-data-89bf4a510438
https://sanketlife.in/products/sanketlife-2-0.
https://elitehrv.com/
https://www.dozee.health/post/__hrv
https://www.fibricheck.com/the-fibricheck-guide-to-analyse-ppg-measurements/
https://www.fibricheck.com/the-fibricheck-guide-to-analyse-ppg-measurements/

	ISSN: 1937-9080
	Abstract
	Figure 3: Q-Q plot of the study population
	Table 2: Descriptive statistics of PCOS and health
	HRVBs
	Mean
	Median
	Stdev
	Skewness
	PCOS
	Healthy
	PCOS
	Healthy
	PCOS
	Healthy
	PCOS
	Healthy
	HRVScore
	66.38
	66.34
	66
	66
	9.67
	9.51
	0.08
	0.07
	SDNN
	47.13
	47.15
	47
	47
	8.15
	8.22
	-0.10
	-0.10
	RMSSD
	65.66
	65.32
	66
	66
	12.15
	12.22
	-0.08
	-0.08
	pNN50
	35.02
	35.12
	35
	35
	14.83
	14.67
	0.07
	0.05
	SD1/SD2
	1.99
	2
	2
	2
	0.79
	0.78
	0.008
	-0.01
	LF/HF
	2.54
	2.56
	3.6
	3.4
	1.11
	1.10
	-0.02
	-0.03
	Figure 4: Spearman’s correlation plots
	Table 3: Lyfas prediction (PCOS_L) based on signif
	Color code: High Values               , TP   
	Table 4. The classification metric
	Figure 7: Pathophysiology of PCOS to HRVBs
	Table 5: Comparative picture of PPG-based tools an
	Abbreviations: Dn, Device name; Dt, Device type; H
	Dn
	Dt
	HRV
	T
	A 
	AS
	ECG
	AG
	S
	A
	D
	1
	Polar H10 sensor [49]
	Chest wearable 
	Yes
	5 min
	Costly
	Yes
	Yes
	2
	Apple watch [50]
	Wrist wearable
	24 hrs
	Costly 
	Yes
	Yes
	Yes
	3
	SanketLife [51]
	Single gadget
	5 min
	Economic
	Yes
	Yes
	4
	Elite HRV [52]
	Single gadget
	Yes
	Costly
	Yes
	Yes
	5
	Dozee [53]
	Contact-less gadget
	Yes 
	24 hrs
	Costly 
	Yes
	Yes
	6
	Fibricheck [54]
	Finger touch gadget
	Economic 
	Yes
	7
	Lyfas [15]
	Finger touch app
	Yes 
	120 sec
	Economic 
	Yes
	Yes
	Yes
	Yes
	Yes

