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Abstract

Objective: To assess accuracy in transcutaneous bilirubinometry (TcB) measurements over an 11-year
period and investigate differential performances depending on ethnic background. Aims to establish a
TcB screening threshold to trigger measuring the serum bilirubin (SBR) for each group.

Methods: We conducted a retrospective review using neonatal unit data from 2013-2024. All neonates
with numerical paired TcB and SBR’s were included (n=1464). The ethnicity had been recorded for 1,196
neonates; TcB and SBR results for these patients were compared using 4 broad groups: White, South Asian,
Chinese and Black ethnic groups. The neonatal unit used several different bilirubinometers during this
time.

Findings: Among 1,464 patients, the mean TcB and SBR were 262 and 256 pmol/L respectively (p<0.00001).
There was an absolute mean difference of -6 umol/L, with 95% confidence intervals from -8 to -4 umol/L,
confirming a systematic difference. In this QIP, we have chosen to represent the difference between SBR
and TcB (SBR-TcB) with the A symbol, for clarity. The mean A was 0, -3, -13 and -33 pmol/L for the Chinese,
White, South Asian and Black ethnic groups respectively. Thus, there is a systematic overestimate of TcB
versus SBR for all groups except the Chinese ethnicity. The overestimate is more statistically significant in
darker skin tones. There was no significant change in A in any group over the 11 years. For all ethnicities,
the 95" centiles for mean A ranged from +55 to +66 umol/L. Thus, setting a cut off for +65 pmol/L
regardless of skin color would ensure that 95% of children are managed safely.
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Introduction

Neonatal jaundice is a common presentation, occurring in 60% of newborns and in 80% of
premature newborns [1]. The jaundice is a result of hyperbilirubinaemia; there is either increased
production of bilirubin or decreased clearance of it. At high levels, bilirubin deposits into the
subcutaneous tissue and sclera, thus giving a yellow tinge. Whilst most of the cases are physiological
and do not require treatment, a small proportion of neonates can accumulate extremely high bilirubin.
This can cause kernicterus, and thus accurate monitoring of bilirubin is vital.

Bilirubin can be initially measured with a Transcutaneous Bilirubinometer (TcB), which gives
a non-invasive, immediate estimate of bilirubin levels. However, serum bilirubin (SBR) readings
remain to be the gold standard method of bilirubin measurement.

The published accuracy of the TCB monitors that are widely used in UK varies. Some companies
report correlation coefficients whilst some companies report + ranges. However, correlation coefficients
give no sense of accuracy; they only demonstrate that one measurement moves with the other. It is
not clear from brochures whether the + ranges are standard errors of the mean, standard deviations or
root mean standard errors. Only one brochure published the repeatability. Therefore, it is impossible
to know the accuracy of any company’s TcB accuracy in a real-world scenario [2-5].
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Current evidence around skin color and TcB accuracy is
inconsistent; some research suggests the TcB is unaffected by skin
color, whilst other sources suggest that TcB underestimates the
bilirubin in those with darker skin more than it does in lighter skin
babies and thus is not reliable [6-8].

We conducted a Quality Improvement Project (QIP) as part of our
Equality, Diversity and Inclusion programme. The project primarily
aims to shed more light on the accuracy of our TcB measurements in
different ethnicities (White ethnic group, South-Asian ethnic group,
Black ethnic group and Chinese ethnic group). We also used the data
to track the trend in bilirubin presentation levels in neonates for each
ethnic group over the first 10 days of life.

Since the introduction of TcB technology, new devices have been
marketed. As this project includes data from 2013 to 2024, we
explored any improvement in the accuracy of TcB measurements
over the past decade. Our unit has utilized 4 different TcB devices
over this time period, with some overlap in usage temporally. In
chronological order, our department used BiliChek™ (Philips),
JM102™ (Minolta), JM-105™ (Driger) and finally since 2020, we
have used BiliCare™ (Mennen).

Materials & Methods

This quality improvement project was a retrospective review, using
neonatal data from Sheflield Teaching Hospital’s Rapid Access Clinic
from January 2013 to July 2024.

In excess of 3,000 babies attended our rapid access clinic, 1,464
had paired TcB and SBR values, and 1196 had age at sample
measurement, and ethnicity data recorded to produce a minimum
group size of >30. If a patient had multiple paired TcB and SBRs,
then only the first pair of measurements were included. Patients who
had missing or unclear data regarding paired TcB and SBR values,
ethnicity, or age at presentation were excluded from the study.

The patients formed 4 broad ethnic groups: White ethnic group
(including White British, Irish British, and any other White
background), South Asian ethnic group (including those of Indian,
Pakistani, and Bangladeshi ethnic groups), Black ethnic group
(including Caribbean, African, and any other Black background) and
Chinese ethnic group. Whilst ethnicity does not relate to a specific
skin tone, we have used it to broadly demonstrate the differences in
TcB as skin tone darkens.

There are a number of potential confounding factors that may also
affect TcB readings, such as gestational age, birthweight, postnatal
age distribution, device type, and operator variability. Unfortunately,
due to limitations in data collection, we have not been able to
account for these variables.

The average bilirubin value, and the numerical and percentage
differences between SBR and TcB were recorded for each ethnic
group. Statistical analyses were performed using The British
Standards Institution’s Coefficient of Agreement and unpaired
T-tests. The T-tests were used to compare the SBRs and T¢Bs, to
compare the mean TcBs between groups and to compare the mean
SBRs between groups. A significance level of 0.05 was used.

Additionally, the progression of TcB accuracy through time was
also investigated. The total patient set was split into ‘early’ (2013—
2017) and ‘late’ (2020-2024), with a sample of the 500 first patients
compared with the last 500.

We also explored the day of presentation of serum bilirubin levels
for each ethnic group. A graph of age (in days) for the first bilirubin
measurement against the average SBR was plotted.

Microsoft Excel was used for recording data. Online SPSS was
used for statistical calculations. A Shapiro-Wilk test was applied
to the data, which showed a normal distribution, as expected with
most continuous biological variables. Hence, we used parametric
assessment of unpaired T-tests to compare different groups. A Bland-
Altman plot [9] was used to depict the average difference in TcB
and SBR with the average SBR value for each ethnic group. In the
Bland-Altman plot, the Limits of Agreement were established as the
mean bias +1.96 x standard deviation, so that 95% of the points fall
between the limits. Proportional bias was not tested in this study. In
addition, we calculated the Pearson correlation co-efficient.

Results

One thousand four hundred sixty-four patients had paired
measurements. However, only 1,196 fell into our four broad ethnic
groups. The remainder had no ethnicity recorded or the population
of the ethnicity was <30. The paired TcB and SBR values were
analyzed within each group.

For 1,464 patients with paired TcB and SBRs, the mean TcB was
262+42 pmol/L, with 95% CI of the mean as 260-264 pmol/L.
The mean SBR was 256453 pmol/L, with 95% CI of the mean as
253-259 pmol/L. As the 95% confidence intervals do not overlap,
they were significantly different from each other (p<0.0001).

The mean A was -6 pmol/L and the 95% CI of the mean A
were -7.9 to -3.9 pmol/L, illustrating that there was a systematic
overestimation of the TcB in comparison to the SBR. The 95% centile
for differences was +63 pmol/L This means that only 5% of our
neonates had an SBR that was 63 pmol/L higher than the measured
TcB.

Table 1 shows data for each of our four main ethnicities. The mean
difference increased as likely skin color darkened. With the exception
of the Chinese ethnicity, there was a systematic overestimation of
TcB compared with SBR. However, the 95" percentile across the
ethnic groups ranged from +55 to +66 pmol/L.

SBR values for the Black ethnic group were significantly lower
compared to those of every other ethnic background (p<0.01).

There was a significantly higher mean A in the Black ethnic
group compared with the other ethnic groups (p<0.001), suggesting
that the difference between TcB and SBR readings is worse for the
darkest of skin tones.

The average measured TcB is significantly lower in the White
ethnic group than in the South Asian ethnic group (p<0.0001) and
in the Chinese ethnic group (p<0.05).

TcB and SBRs have a surprisingly weak correlation using Pearson’s
Correlation Coefhicients; r=0.687 for 1,464 neonates.

There was a significant difference between SBR and TcB values for
all groups (p<0.033), except for the Chinese ethnic group.

Figure 1 shows a systematic error between TcB and SBR for
groups A, B, and D as the 95% confidence intervals do not cross 0.
There is therefore a significant difference between the mean A in the
White, South Asian, and Black ethnic groups; TcB is significantly
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Figure 1. Bland-Altman plot showing the mean (solid lines) and 95% Limits of Agreements for the mean (dotted lines) for each ethnicity.

higher than the paired SBR in these groups. There is no significant
difference in the Chinese ethnic group. The p-values, as seen in
Table 1, show that the TcB is overestimated most significantly in the
Black ethnic group, then the South Asian ethnic group, and lastly in
the White ethnic group.

Figure 2 shows that at lower bilirubin levels, TcB is more likely
to overestimate serum bilirubin. At higher bilirubin levels, TcB is
more likely to underestimate it. This correlation is significant for all
identified ethnic groups (p<0.001), with R? varying between 0.0498
to 0.4079.

For the earliest 500 patients recorded (starting from 2013) the
mean A (with 95% confidence intervals of the mean) was -5.9
(9.6 to -2.3) pmol/L. For the most recent 500 patients (working
backwards from 2024), the mean A was -8.7 (-12 to -5.4) pmol/L.

There is no statistically significant change in accuracy with time.

Figure 3 shows the plot of how the difference in SBR and TcB
(and thus T¢B reliability) has not changed over the past 11 years, in
regard to each ethnicity. For the 1,464 babies there was no significant
correlation between accuracy and time passing (r=0.008367,

p=0.751).

Figure 4 illustrates that over the first 10 days of life; the serum
bilirubin day of referral/presentation seems to behave differently in
babies of different ethnic groups. In babies of White or South Asian
ethnicity, there is a proportion of babies that present on day 0/1
with high bilirubin levels, but this doesn’t seem to happen in those
babies of Chinese or Black ethnic origin. However, the small sample
sizes in the Black and Chinese neonate ethnic groups means that it is
difficult to justify conclusions from the trajectories seen.

Table 1. Comparison between SBR and TcB in babies by the four main maternal ethnicities, showing correlation and agreement. *p<0.001 compared
with all other ethnicities. $p<0.0309 compared with White and Chinese ethnicities. 1p<0.033 comparing SBR to TcB for respective ethnicity.

Group n Average age Mean TcB in Mean SBRin Pearsons A (SBR-TcB) in 95% centile
in days at pumol/L, (95% pmol/L, (95% Correlation umol/L, (95% of the mean
presentation confidence confidence Coefficient confidence Ain pmol/L
(95% confidence intervals of intervals of between TcB and intervals of
intervals of mean) mean) mean) SBR mean A)

Chinese 32 4 (4to 4) 275 (260-290) 275 (253-297) 0.794 0(-14t0 14) +66

ethnicity

White ethnicity 914 4(4to04) 258 (256-261) 256 (252-259)t 0.712 -3(-5t0-0.22) +62

South Asian 182 4(4t04) 273 (268-278) 260 (253-267)* 0.6308 -13 (-19to -8)F +55

ethnicity

Black ethnicity 68 4(3to05) 263 (253-272) 230 (214-245)t 0.690 -33 (-44 t0 -22)* +59

3
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Figure 2. Scatter chart showing the average bilirubin against percentage A (difference of SBR-TcB) for each ethnicity.
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Figure 3. Scatter graph showing the differences between SBR and TcB (A) over the past 11 years.

Discussion

Previous to TcB technology, newborns were visually assessed for
jaundice, which proved inaccurate and particularly unreliable in
babies of darker skin tones. In some countries, initial assessment is
still visual inspection and is followed by an SBR [10].

Transcutaneous bilirubinometers were first introduced in 1980
[11]. The TcB device works by detecting the yellow bilirubin
pigment in the subcutaneous tissue via optical spectroscopy
[11]. More recently technology has developed; TcBs are based on
microspectroscopy [7]. TcBs are commonly used as it is a cost-
effective, point-of-care method and can avoid the trauma and

potential anemia associated with blood sampling for serum bilirubin
(SBR) [12]. They also reduce unnecessary SBRs and maximize the
efficiency of the workforce [13].

Studies have suggested that TcB accuracy can vary due to a host
of factors, including skin color, birth weight, and gestational age
[14,15]. Whilst most research deems TcBs to be a reliable way of
estimating the serum bilirubin [16,17], some authors show that
there are inconsistencies in how well it performs in different skin
tones. A 2018 South Indian study demonstrates a higher correlation
between TcB and SBR in lighter skin tones than in darker ones [7],
suggesting that reliability decreases as skin tone darkens.

J Clin Pediatr Neonatol. 2026;6(1):1-7.
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Figure 4. Comparison of the average bilirubin by day of presentation for each ethnicity for the first 10 days of life.

Studies have shown that T'cB tends to underestimate the bilirubin
in lighter and medium skin tones and overestimate the bilirubin in
darker skin tones [16-19]. Interestingly, a 2014 in vitro study showed
the darker the skin tone, the larger the underestimation of Tc¢B [9].

In this study, we have been using ethnicity as a proxy for skin color,
and so this needs to be taken in consideration when discussing the
results of the data, as it limits biological interpretation and external

validity.

Our data shows that there is an overall poor correlation between
TcB and SBR (r=0.687) in the total sample (n 1464), and within each
group (r=0.631 to 0.794). The strongest correlation is in the Chinese
ethnic group. However, correlation is not a marker of accuracy and
should not be appearing solely in any TcB promotional material.

The average SBR in presenting neonates was statically significantly
lower in the Black ethnic group in comparison to the SBR of
every other ethnic group, which is interesting given the level of
overestimation by the TcB. As a result of the greater overestimation
by TcB for babies from a Black ethnic background, these babies are
having more serum bilirubin’s tested even though they have lower
bilirubin levels. However, this seems to imply that clinical staff are
being appropriately vigilant in picking up jaundice in babies with
darker skin tones, and that they are picking up jaundice in these babies
at a lower level than those babies in other ethnic groups. However,
this does not explain the absence of Black and Chinese ethnicity
babies presenting on day 1 of life in our dataset with higher bilirubin
values.

‘The average bilirubin by day of first presentation for each ethnic
group is shown in Figure 4. The time course is similar in the White
and South Asian ethnic groups; the average bilirubin in these groups
seem to have a peak in first 24 hours that is not seen in Chinese or
Black ethnicity. The Black ethnic group and Chinese ethnic group
show very different trajectories. This may mean that due to the
challenges of assessing jaundice in babies that have different or darker

skin tones, jaundice in some of the neonates are being missed in early
days of life. However, the jaundice is being clinically picked up in
South Asian neonates, who generally have darker skin tones than
those of White ethnicity. Another potential hypothesis may be there
are different trajectories of bilirubin levels in these ethnic groups.
The sample sizes are particularly small for the Black and Chinese
ethnic groups, so ultimately these data are too limited to make firm
conclusions.

There is a significant difference between the A in the White, South
Asian and Black ethnic groups, with absolute mean differences of -3,
-13, and -33 pmol/L respectively. Thus, TcB is overestimating the
bilirubin in all these groups, and the overestimation increases as likely
skin tone, as suggested by ethnicity, darkens. The absolute mean A in
the Chinese ethnic group is 0 pmol/L, showing a reliable estimate by
TcB. Although, it should be noted that this is the smallest population
and may not have been large enough to detect a systematic error
between TcB and SBR.

Surprisingly, the 95" centile difference was relatively similar
between groups, ranging between +55 to +66 pmol/L. For all the
1,464 babies with paired measurements the 95" centile was 63
pmol/L. Thus, whilst accuracy depends on the ethnic background,
setting a TcB threshold of around 60 to 65 pmol/L within treatment
level, regardless of skin color, would ensure around 95% of children
will receive a subsequent SBR and can thus be managed safely.

The statistical and clinical significance of this change varies between
ethnicities. For babies of Chinese ethnicity, there is no statistical
or clinical significance in changing the TcB threshold, for White
ethnicity babies, there is statistical significance but not clinical. For
South Asian and Black ethnic group babies, there is a difference in
both. It is important to remember that these are the mean differences,
and not the individual ones. Specifically in the Black ethnicity, the
underestimation by the TcB could mean that some babies that need
exchange transfusion will not even receive an SBR.

J Clin Pediatr Neonatol. 2026;6(1):1-7.
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Figure 5. Treatment threshold graph, based on NICE guidance (CG98) and our recommendations in regard to TcB thresholds for measuring the SBR.

Figure 5 shows the “Treatment threshold grapl’, published by
NICE CG98 [20] in 2010. In this figure, we have shown NICE
recommendations for TcB thresholds, as well as our own. NICE
CG98 states a transcutaneous bilirubinometer should be used for
babies that have a gestation of >38 weeks and are >24 hours old,
and if the T¢B level is 2250 pmol/L (as indicated by the red dotted
line), then the serum bilirubin should be tested [20]. The purple line
illustrates our recommendation for the TcB threshold, as it includes
TcB values up to 65 pmol/L within the phototherapy treatment line.

Figure 5 indicates that from 24-78 hours of age, there are a
number of babies that will have TcB values under 250 pmol/L, so
would not be treated under the current NICE guidance. However,
some of these babies will have had their bilirubin underestimated by
up to 66 pmol/L by the TcB device, and thus will not receive an SBR
or treatment despite needing it. Changing the TcB threshold will
therefore protect these neonates. Additionally, from 78 hours onward,
there are a number of babies that will have a SBR done under NICE
guidance, but do not fall within our threshold; thus, these babies will
be having unnecessary blood tests. Babies that present with jaundice
within 24 hours of birth should have a serum blood test rather than
a TcB due to underlying pathology, thus we have not included these
babies in our recommendation.

It is disappointing, in terms of light technology improvement, that
the vast improvement seen in smart phone cameras from 2011 to
2024 does not seem to have translated across to the accuracy of TcB
monitors. There has been no step change in performance see Figure
3, unlike phone cameras. This may relate to regulation of medical
devices, or the complexity of propriety technological validation.

This study is limited by its sample sizes. The largest group in
our study was that of the White ethnic group, with 914 patients.

Comparatively, our smallest group was the Chinese ethnic group
with only 32 patients. Thus, the confidence intervals will always
be wider in the Chinese ethnic group. An additional limitation to
this study is that we have used the recorded maternal ethnicity as a
proxy for the neonate’s ethnicity. This may not accurately reflect the
baby’s ethnicity nor skin tone, as there is no paternal data recorded
or utilized.

Lastly, the TcB measurements were done by jobbing clinicians, not
in laboratory conditions. This may potentially affect accuracy but
also allows this to be a real-world test of TcB performance.

This QIP has been based off the ‘Plan-Do-Study-Act (PDSA)
cycle. We have planned the methodology of this study, collected the
data and studied it. Whilst we have also acted on the data by raising
the screening threshold for TcB readings to 60-65 pmol/L within
treatment level, the more crucial ‘act’ must be done by technology
companies that produce transcutaneous Bilirubinometers. The
accuracy of the technology needs to be vastly improved, and skin
color needs to be taken into account.

Conclusions

Further research should be done using actual measurements of skin
tone, for example using the Fitzpatrick scale, instead of using ethnicity
as a proxy, to allow for more reliable results. Future studies should
also aim to have a larger data set for different ethnicities/skin tones
and should consider a multi-center approach, which ideally would
include premature babies and higher bilirubin values. Additionally,
an exploration into the trajectories of bilirubin increase in the first
few days of life would be a valuable insight, as this study’s sample
sizes may be too small to properly analyses if different ethnicities
have different courses or if our results are misleading due to small

J Clin Pediatr Neonatol. 2026;6(1):1-7.



Citation: Mullamitha AS, Sherwood E, Clark S]. Getting under one’s skin: the influence of ethnic background on transcutaneous bilirubinometry in

neonates. 2026;6(1):1-7.

sample sizes. Due to this project being a pragmatic QI review, we
did not have data comprehensive enough to justify a multi-logistic
regression. This may be a valuable addition to future prospective
studies.
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