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ABSTRACT
Background  Neonatal hyperbilirubinemia (NHB) is a 
significant cause of morbidity and mortality, particularly in 
low and middle-income countries (LMICs). Transcutaneous 
bilirubinometers offer a non-invasive method for assessing 
NHB but have limited availability due to cost and 
maintenance requirements. Visual assessment of jaundice 
is shown to be inaccurate. Smartphone-based technologies 
have the potential to provide innovative and accessible 
healthcare solutions. This study aimed to evaluate the 
Picterus system, a smartphone-based tool for screening of 
NHB, in three non-Caucasian populations in LMICs.
Methods  Between 2018 and 2022, cross-sectional 
studies were conducted in three countries: Mexico, Nepal 
and the Philippines. Newborns meeting the inclusion 
criteria were recruited, and data on demographic 
characteristics, skin type and visual assessment of 
jaundice were collected. Bilirubin levels were measured 
using both the Picterus system and total serum bilirubin 
(TSB) analysis. Correlation analyses, Bland-Altman plots 
and receiver operating characteristic (ROC) curves were 
used to evaluate the Picterus system.
Results  A total of 416 infants were included in the 
analysis. The Picterus smartphone system demonstrated 
a significant positive correlation with TSB levels across all 
sites (r=0.76). The correlation coefficient was significantly 
higher in Mexico compared with Nepal and the Philippines. 
Bland-Altman plots showed limits of agreement 
±89.2 µmol/L. Picterus values were underestimated in 
Mexico, whereas they were overestimated in Nepal and 
the Philippines. ROC analysis for detection of infants with 
TSB >225 µmol/L indicated that the Picterus system had 
higher sensitivity and specificity compared with visual 
assessment using the Kramer scale.
Discussion  This study shows that the Picterus system 
can potentially be used in screening for neonatal jaundice 
in populations with moderate dark skin types. Further 
studies are needed before the system can be used in 
clinical practice.

BACKGROUND
Jaundice is a common condition among 
newborns and is caused by elevated levels of 
bilirubin, hyperbilirubinemia.1 2 Despite that 

most cases are harmless and self-limiting, 
newborn hyperbilirubinemia (NHB) remains 
an important cause of morbidity and mortality 
globally. When bilirubin accumulates in the 
brain, it can result in permanent damage as 
cerebral palsy and deafness or can even be 
fatal.3

In high-income settings, these events are 
rare,4 but in low and middle-income coun-
tries (LMICs), NHB remains an important 
cause of newborn morbidity and mortality.5 6 
The challenges related to NHB in LMIC are 
multifactorial, and among these are correctly 
identifying newborns at risk.7

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Neonatal hyperbilirubinemia remains an important 
cause of morbidity and mortality globally.

	⇒ Current available methods for identification are ei-
ther too expensive or related to large uncertainties.

	⇒ Previous clinical testing in newborns with fair 
skin types has shown that bilirubin values from a 
smartphone-based system are highly correlated to 
bilirubin measured in blood.

WHAT THIS STUDY ADDS
	⇒ Clinical testing of a smartphone-based system to 
screen for neonatal hyperbilirubinemia in three 
different populations in Mexico, Nepal and the 
Philippines showed a high correlation between bil-
irubin values from the smartphone system to biliru-
bin measurements in blood.

	⇒ The smartphone-based system was better than 
visual assessment to detect newborns with 
hyperbilirubinaemia.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ There is a potential to improve identification of jaun-
dice by using novel smartphone-based tools.

	⇒ Further studies are needed before the system can be 
used in clinical practice.
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Assessing jaundice visually is challenging, with a large 
number of infants being misclassified.8–10 Non-invasive 
assessment of jaundice using transcutaneous biliru-
binometers (TcB) has previously been proven to be 
highly correlated to total serum bilirubin (TSB) levels 
in multiple regions, including Latin-America, South-East 
and South-East Asia.11–13 TcBs have been available for 
decades, but price and need for maintenance and cali-
bration are limiting factors for widespread distribution 
of these devices in LMIC.14 Smartphone-based technolo-
gies have opened up for new and innovative ways of deliv-
ering healthcare, which could be especially relevant in 
low-income settings.15

Such a smartphone-based system, Picterus, was initi-
ated and developed at the Norwegian University of 
Science and Technology and later patented.16 Previously, 
we have reported results of clinical testing of the Picterus 
system.17 18 The newborns in these studies have mainly 
been of Caucasian descent with parents with Fitzpatrick 
skin types I and II. Studies of the use of TcB on newborns 
with different ethnicities have shown that skin type could 
influence the results.19 20 In this paper, we present the 
results of an evaluation of the Picterus system in three 
populations with a non-Caucasian ethnicity and different 
skin types in LMICs.

METHODS
Clinical study design
The aim of this study was to compare bilirubin estimates 
from the Picterus system to TSB, as TSB is the gold standard 
in jaundice assessment of newborns. Cross-sectional clin-
ical studies were performed at three different sites. (1) 
In Mexico, at Hospital Materno Infantil de Irapuato, 
Guanajuato, from July to August 2018. (2) In Nepal at 
Dhulikhel Hospital, Kathmandu University, from June to 
July 2019 and (3) in Philippines at Governor Celestino 
Gallares Memorial Hospital, Tagbilaran City, Bohol, in 
February 2022.

Recruitment
Participants were recruited from maternity wards in all 
three hospitals. For the data collection in Mexico, partic-
ipants were in addition recruited at an outpatient clinic 
where newborns were brought for check-ups regarding 
breastfeeding, weight gain, clinically suspected jaundice 
or other health concerns.

Newborns were included when they were less than 14 
days of age and had a blood sample drawn, either for 
clinically suspected jaundice or for other purposes. As 
recruitment was dependent on a clinical need for blood 
sampling, newborns were included at different days of 
age, up to 14 days, and not at a fixed time point.

In the Philippines, newborns were selected when they 
were born at term with normal birth weight (BW), defined 
as between 2500 and 4500 g and with an age >24 hours, 
whereas in Mexico and Nepal, newborns with gestational 
age (GA) >35 weeks and BW >1750 g were included.

Newborns showing signs of other diseases than jaundice 
or newborns receiving advanced medical treatment were 
excluded for participation. Newborns that had received 
phototherapy were also excluded, as phototherapy can 
influence skin colour.21

Data collection
Background data on all participants were collected, 
including date and time of birth, age (in hours) at inclu-
sion, GA in weeks at birth and BW. Skin type of mother, 
and father if present, was assessed with the Fitzpatrick 
skin scale.22 Newborns were undressed and placed on an 
examination table for further assessment. For the study 
in the Philippines, the skin type of the infants was in addi-
tion assessed with the Neomar scale.23 The visual degree 
of jaundice was assessed by the Kramer scale.24 Assess-
ments were performed by trained, designated research 
assistants with experience of paediatric nursing on each 
site (n=1 in Mexico, n=2 in Nepal and n=1 in Philip-
pines). All research assistants received specific training 
on how to use the smartphone system as well as on how 
to register and code the data. Manuals for data collection 
were developed and provided to all study sites. If there 
were uncertainties or disagreements on classification, 
attending paediatricians or other medical doctors were 
consulted for final classification.

A colour calibration card was placed on the chest of 
the newborn, and an image set with a total of six digital 
images was automatically obtained, three with flash, and 
three without flash using a version of the Picterus Jaun-
dice Pro app for clinical research (Mexico and Nepal 
beta version, Philippines V.2.2.0, Picterus AS), installed 
on Samsung Galaxy S7 smartphones.18 In the app, the 
image sets were obtained, were given a unique ID and 
uploaded to servers. Images were stored for later anal-
ysis, and no bilirubin value was communicated back to 
the research assistants. This setup was implemented, so 
potential results of the digital image analysis would not 
influence further follow-up and treatment of the infants.

Laboratory analysis
A blood sample was obtained with venipuncture within 
60 min before or after obtaining the digital images. 
Samples were protected from sunlight before analysis. 
Analysis for TSB was performed on hospital laborato-
ries on each site. In Mexico, samples were processed on 
Abbot ARCHITECT ci 4100 (Abbott, Abbott Park, IL, 
USA), and in Philippines on Selectra ProXL (ELITech-
Group, Puteaux, France), and TSB was analysed utilising 
the diazo method. In Nepal, TSB was analysed by a dry 
chemistry method using a VITROS 350 System (Ortho 
Clinical Diagnostics, New Jersey).

Data analysis
All image sets were analysed using the same version of 
the automated image analysing software installed on the 
servers, where image quality was checked, and colours 
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are calibrated, and then converted to bilirubin values for 
each image set.

Potential differences between the participants from 
each study site were evaluated by analysis of variance 
(ANOVA), and a level of 0.05 was considered signifi-
cant. Correlations between image bilirubin values and 
TSB were evaluated using Pearson’s r, both for all sites, 
as well as on each specific site. Bland-Altman plots were 
used to evaluate potential bias in the difference between 
image bilirubin values and TSB. We developed receiver 
operating characteristic (ROC) curves for identification 
of NHB defined as TSB >225 µmol/L. Youden index 
was determined for each site. Statistical analyses were 
performed using MedCalc Software V.20.115.

Patient and public involvement
Patients and/or the public were not involved in the 
design, or conduct, or reporting or dissemination plans 
of this research.

Ethics
Participation in this study was based on written informed 
assent from one of the parents. Assent forms were trans-
lated to relevant languages for each study site. The studies 
were all approved by the relevant ethical committees.

RESULTS
A total of 436 infants were recruited. Twenty infants were 
excluded from data analysis as they either did not fulfil 
the inclusion criteria (GA or BW), had no TSB result 
recorded or were missing the image set, leaving a total 
of 416 participants. The flow of recruitment is shown 

in figure 1. The lower number of included participants 
in the Philippines was due to strengthened measures 
related to the COVID pandemic, which limited possibili-
ties for recruitment.

Descriptive statistics of the participants are shown in 
table 1.

The participants recruited in Nepal had a significantly 
lower BW when compared with those recruited in Mexico 
and in the Philippines, and the participants in Mexico 
had a higher age at inclusion, when compared with the 
two other sites.

Assessment of Fitzpatrick scale showed that the skin 
type of the mothers was significantly different between 
the sites, with a larger proportion of the mothers in 
Mexico with a higher Fitzpatrick score. Of all mothers, 
94% had Fitzpatrick skin type score 3 or 4. For the skin 
type assessment of the fathers, the fathers in Philippines 
had a significantly higher Fitzpatrick skin type score, 
compared with Mexico and Nepal. The assessment of the 
participants in Philippines with the Neomar scale showed 
that of the 68 newborns, 78% were assessed to grade 2 
and 19% to grade 3. One infant was graded as 1 and one 
as grade 4.

Table 2 shows the visual assessment of jaundice using 
Kramer scale. There was a significant difference between 
the groups, with a larger proportion of infants in Nepal 
with a higher Kramer scale as compared with the other 
sites.

Scatter plots of TSB versus Picterus bilirubin values for 
all the sites combined, as well as for each site individually, 
are presented in figure 2 with the relevant correlations 
presented by Pearson’s r.

Figure 1  Study flow diagram. BW, birth weight; GA, gestational age; TSB, total serum bilirubin.

Table 1  Descriptive statistics of participants

Site Number
Birth weight* 
(grams)

Gestational 
age (weeks)

Age at inclusion† 
(hours) TSB (µmol/L)

Fitzpatrick

Mother‡ Father§

All 416 3030±440 38.6±1.4 59.2±62.5 148.6±66.1 3.7±0.5 3.7±0.5

Mexico 165 3088±470 38.4±1.4 74.1±89.4 140.0±85.6 3.7±0.5 3.7±0.5

Nepal 182 2946±446 38.7±1.5 48.8±20.9 157.1±49.6 3.3±0.5 3.6±0.5

Philippines 69 3105±302 38.6±1.0 51.0±50.0 146.7±45.6 3.2±0.6 4.2±0.6

*ANOVA F-ratio 5.7, p=0.004, Tukey post-hoc tests p<0.05 when Nepal compared with Mexico and Philippines.
†ANOVA F-ratio 8.1, p<0.001, Tukey post-hoc tests p<0.05 when Mexico compared with Nepal and Philippines.
‡ANOVA F-ratio 41.0, p<0.001, Tukey post-hoc tests p<0.05 when Mexico compared with Nepal and Philippines.
§ANOVA F-ratio 12.7, p<0.001, Tukey post-hoc tests p<0.05 when Philippines compared with Mexico and Nepal.
ANOVA, Analysis of variance; TSB, total serum bilirubin.
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A positive significant correlation was found in all the 
analysis, with an overall correlation coefficient of 0.76. 
The subanalyses on each site demonstrated a significantly 
stronger correlation in Mexico compared with Nepal and 
the Philippines (p<0.001 and p=0.002). No difference 
was found between Nepal and the Philippines.

Bland-Altman plots for all sites combined and for 
each site are presented in figure 3. Overall, the Picterus 
values overestimated TSB levels with a mean difference 
of 9.5 µmol/L between Picterus and TSB. There was 
a significant difference between the sites, as Picterus 
values in Mexico underestimated TSB levels with a mean 
difference of 6.2 µmol/L, whereas in Nepal and Philip-
pines, they were overestimated, with 21.5 µmol/L and 
15.5 µmol/L, respectively.

Table 3 presents the mean differences, SD of the differ-
ence and 95% limits of agreements (LoA) between the 
two methods. The overall SD was 45.5 µmol/L, resulting 
in a 95% LoA of ±89.2 µmol/L. There was a tendency 
towards a lower SD for the difference for the Philippines, 
but this was not significant.

ROC curves for identification of newborns with TSB 
levels above 225 µmol/L are presented in figure 4. This 
level was chosen to get a relevant number of participants 

with a positive outcome, making the ROC analyses more 
robust. A total of 52 cases (13%) of the participants had 
levels higher than 225 µmol/L.

In table  4, the statistics on the ROC analyses are 
presented. Both overall and in each individual site, the 
area under the curve (AUC) was high. The cut-off levels 
according to the Youden index are different between the 
sites.

The AUC of the ROC curve for visual identification 
of hyperbilirubinemia defined as TSB >225 µmol/L by 
Kramer scale was 0.816 (95% CI 0.775 to 0.852) and 
was significantly lower than the AUC of Picterus values 
(p<0.0001). The cut-off level according to the Youden 
index for Kramer scale was 1, resulting in a sensitivity of 
96.2% and specificity of 59.6%.

DISCUSSION
In this study, we show that bilirubin values determined 
with the Picterus system in three different populations 
with skin types of mainly Fitzpatrick III and IV are corre-
lated to TSB levels. The results support that this smart-
phone technology shows potential to serve as a screening 
method for neonatal jaundice not only in newborns of 

Table 2  Visual assessment of jaundice by Kramer scale

Site

Kramer scale

0 1 2 3 4 5

All 148 (36%) 71 (17%) 84 (20%) 52 (13%) 46 (11%) 15 (4%)

Mexico 78 (47%) 34 (21%) 34 (21%) 16 (10%) 3 (2%) 0 (0%)

Nepal* 49 (27%) 9 (5%) 33 (18%) 35 (19%) 41 (23%) 15 (8%)

Philippines 21 (30%) 28 (41%) 17 (25%) 1 (1%) 2 (3%) 0 (0%)

*ANOVA F-ratio 45.4, p<0.001, Tukey post-hoc tests p<0.05 compared with Mexico and Philippines.
ANOVA, Analysis of variance.

Figure 2  Scatter plots of total serum bilirubin (TSB) (µmol/L) 
vs Picterus values (µmol/L) with correlations. (A) shows all 
sites combined, (B) shows Mexico, (C), Nepal and (D) the 
Philippines.

Figure 3  Bland-Altman plots of the difference between 
Picterus and TSB values. (A) shows all sites combined, 
(B) shows Mexico, (C) Nepal and (D) the Philippines. TSB, 
total serum bilirubin.
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parents with fair skin but possibly also on newborns 
of parents with moderate dark skin types. The system 
showed a high sensitivity and specificity to detect infants 
with TSB levels exceeding 225 µmol/L, and the system 
was better than visual assessment performed by Kramer 
scale. The findings in this study are in line with previous 
testing of this system in a population of newborns with 
fair skin types17 as well as other studies on smartphone-
based assessment of jaundice.25–27 Strengths of this 
study include that data were collected in hospital envi-
ronments in three different countries, all categorised as 
LMICs. A total of 436 participants were recruited and 
only one infant had a missing image set, suggesting that 
the method of obtaining images is robust and can be 
feasible in a clinical setting. Further strengths are that 
results from the smartphone system were compared 
both to TSB as well as visual assessment of jaundice, and 
methods were compared with both correlation analyses, 
Bland Altman plot and ROC curves for identification of 
severe jaundice. There was a significant positive correla-
tion between the Picterus bilirubin values and TSB on all 
study sites. A comparison between the three sites showed 
inconsistent findings, as Pearson correlation was signif-
icantly higher in Mexico compared with the two other 
sites, but we found no significant differences in the 95% 

LoA of the difference between TSB and Picterus values 
between the sites. However, in contrast to the correla-
tion analysis, we found a trend towards narrower LoA in 
the Philippines. Correlation factors are sensitive to the 
range of the values as well as outliers in the data set.28 
The data collection in Mexico had a larger variation in 
TSB values as compared with the two other study sites 
and this could potentially explain this contradictory 
finding. The larger variation in TSB values could be due 
to differences in recruitment, as we in Mexico were able 
to recruit participants from the outpatient clinic where 
older newborns and newborns with suspected jaundice 
attended.

As correlation coefficients give no information on the 
actual difference between two methods, it is argued that 
Bland-Altman plots can provide more relevant insight 
for clinical decision-making.29 The LoA of ±89.2 µmol/L 
found in this study are wider than reported in previ-
ously testing of the Picterus system as well as by other 
means of transcutaneous bilirubin estimations and are 
wider than recommended safety margins for the use of 
TcB in neonatal jaundice.1 17 30 This could have clinical 
implications, with unwanted effects on clinical decision-
making. A limitation of our study is that we did not define 
acceptable LoA for clinical use a priori to performing the 
study as suggested by Bland and Altman and should be 
conducted in future studies.

We performed ROC analyses of the system and found 
a sensitivity of 86.5% and a specificity of 83.5%. A limita-
tion of this study is that due to the low number of infants 
with high bilirubin levels, we had to set the definition of 
positive case for the ROC analyses to TSB >225 µmol/L. 
This level is lower than we have in our previous studies 
as well as in other studies of detection of neonatal jaun-
dice, which would limit direct comparison of our present 
results. The cut-off levels related to the Youden index 
varied between the sites, but these comparisons should 
be taken with precaution as the numbers of positive cases 
were few.

Table 3  Mean and 95% limits of agreement between TSB 
and Picterus values (µmol/L)

Site Mean SD

95% limits of agreement

Lower Upper

All −9.5 45.5 −98.8 79.8

Mexico* 6.2 45.0 −82.0 94.5

Nepal −21.5 44.5 −108.7 65.6

Philippines −15.5 38.6 −91.3 60.2

*ANOVA F-ratio 18.2, p<0.001, Tukey post-hoc tests p<0.05 when 
Mexico compared with Nepal and Philippines.
TSB, total serum bilirubin.

Figure 4  ROC curves for the performance of the Picterus system to identify infants with TSB>225 µmol/L. (A) shows all sites 
combined. (B) shows the different sites and (C) a comparison of Picterus values vs Kramer scale for all sites. ROC, receiver 
operating characteristic; TSB, total serum bilirubin.
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Harmful levels of bilirubin are further higher than 
the level set for our ROC analyses, and it can hence be 
argued that an assessment of the ability of the system to 
detect newborns needing treatment is more relevant for 
clinical practice. A major limitation of this study is that 
there were few infants needing phototherapy. Further 
studies with adequate power to evaluate this performance 
need to be conducted before the system is taken into use 
in patients.

Another limitation of our study is that we were only 
able to include participants who had a blood sample 
performed for a clinical reason and could not include 
otherwise healthy newborns. Sensitivity and specificity 
analyses are highly dependent on prevalence of the 
disease in the targeted population, and testing of a 
screening device should be carried out in a sample repre-
sentative of the whole population. In our case, this would 
imply testing otherwise healthy newborns without signs 
of jaundice. Drawing blood samples without a clinical 
indication would not be approved from an ethical point 
of view, and it was not possible to execute. We aimed to 
limit this weakness by including newborns that had blood 
samples obtained for other reasons than suspected jaun-
dice, but this could still influence the assessment of false 
positives.

A similar limitation regarding the participants in our 
study is that we did not recruit newborns born before 
35 weeks of gestation, and only 18 newborns were born 
before gestational week 37. It is known that preterm born 
infants are at a higher risk of developing jaundice, and 
the system should be tested in this population.

Furthermore, follow-up of newborn infants after 
receiving phototherapy is an important part of jaundice 
care. As phototherapy affects TcB readings, a limitation 
of our study is that we did not include patients that had 
received phototherapy.31 This should be conducted in 
future studies.

Bland-Altman plots showed that the values from 
the Picterus system underestimated TSB levels in the 
Mexican newborns while they overestimated TSB levels 
in both Nepal and the Philippines. The systematic shift of 
the Picterus bilirubin values between the study sites could 
origin from multiple factors. Even if the vast majority of 
the participants had parents with comparable Fitzpatrick 
skin types of III and IV, it is known that skin composition 
and melanin distribution vary between different ethnici-
ties and could influence the analysis.32 It is further known 

that newborns of Asian ethnicity have naturally higher 
bilirubin levels compared with other ethnicities.33–35 In 
our study, the average TSB levels in Nepal and the Phil-
ippines were higher, but this does not explain the overes-
timation and underestimation of TSB levels, as this shift 
was seen both in high and low TSB values.

Furthermore, large discrepancies of TSB values have 
been observed between laboratories.36 37 The magni-
tude of these reported between-laboratory differences is 
larger than the differences observed in our study. Thus, 
between-laboratory differences of TSB values may poten-
tially explain our findings.38 It is a limitation of the study 
that standardised samples to evaluate this possibility were 
not included in the study design.

This study was performed to illustrate testing of a 
smartphone app on newborns in other countries, than 
where it was developed and initially tested.17 The aim 
was to evaluate if it was possible to use the system in 
various settings, including in LMIC, and on newborns 
with various skin types. To involve three countries, using 
different languages, diverse hospitals, to receive ethical 
clearance, train health providers, took unfortunately 
longer time than we hoped.

Other means of TcB were not available at the hospitals 
where the studies were performed and limits our possibil-
ities to perform comparisons between the Picterus system 
and other TcBs. Visual assessment of neonatal jaundice 
is known to be challenging, with varying sensitivity and 
specificity, as well as large interobserver difference.8–10 
Since Picterus is an objective measurement, it is reason 
to believe that the result will be less dependent of the 
training and experience of the observer. However, we 
did not assess this. Further studies on usability, repeat-
ability and reproducibility should be conducted to eval-
uate potential influence on different circumstances and 
different users on the performance.

One of the aims behind the development of this system 
was to develop a system that was substantially less expen-
sive than currently available systems for transcutaneous 
bilirubinometry. All smartphone-based technologies in 
healthcare share an advantage in running on already 
existing platforms and devices. This could enable a rapid 
scale-up and low maintenance costs, as the phones can 
be easily replaced if damaged. The method tested in this 
study requires a physical colour calibration card, which 
sets some limitations on distribution, but these can be 
manufactured at a substantially lower cost compared with 

Table 4  ROC curve by study site

Site Positive cases Negative cases AUC 95% CI Youden index cut-off Sensitivity Specificity

All 52 (13%) 364 0.900 0.868 to 0.927 >207.7 86.5 83.5

Mexico 32 (19%) 133 0.954 0.910 to 0.981 >178.8 96.9 87.2

Nepal 17 (9%) 165 0.903 0.850 to 0.942 >211.2 88.2 78.8

Philippines 3 (4%) 66 0.891 0.793 to 0.954 >184 100 75.8

ROC, receiver operating characteristic.
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TcB. The Picterus app is currently not available in either 
of the countries where the studies in this paper took 
place. In other markets, the system can be purchased at 
€8 for a calibration card, limited to a single newborn, and 
a cost per scan of €8.39 How these costs would compare 
to other TcB devices was not part of this study.

We only performed direct assessment of the skin type 
of the newborns with the Neomar scale in the Philip-
pines.23 For the studies in Mexico and Nepal, the skin 
type assessments were performed on the parents of the 
infants, as the Fitzpatrick skin scale is intended for use on 
adults, and not valid for infants. In future studies of the 
Picterus system, the Neomar scale should be used.

CONCLUSION
We conclude that smartphone technologies show poten-
tial to support in jaundice assessment in populations with 
moderate dark skin types in LMICs. Further studies are 
needed before the system can be taken into use in clin-
ical practice, including studies on newborns with high 
bilirubin levels, studies on reproducibility and reliability 
as well as the potential clinical implications of a system 
with the limits of agreement found in this study. Finally, 
the system should be tested on all newborns, including 
those with the highest melanin levels.
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