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to judge the degree of neonatal jaundice. However, we 
found that the JCard values 9 and 12 had 98.8% and 
97.6% sensitivity for identifying a TSB ≥342.0 µmol/L, 
respectively. The JCard value 15 had 93.9% sensitivity 
for identifying TSB ≥342.0 µmol/L. The corresponding 
mean TSB for parental JCard value 9 was approximately 
201.8 μmol/L and was equivalent to Ingram icterom-
eter score 3 and Bilistrip B colour card. JCard value 9 
is also equivalent to Bili-ruler score 3.5. Several studies 
used the cut-off values ≥3 on Ingram icterometers and 
3.5 on Bili-ruler for identifying neonates with significant 
jaundice.20 24 34 Therefore, in order to avoid misdiagnosis 
of severe hyperbilirubinaemia, we suggested that parents 
bring the baby to the hospital promptly when JCard score 
is 9 and the paediatricians decides the TcB and TSB exam-
ination and treatment of the newborns. Of course, this is 
for healthy infants without any other associated problems 
that may increase susceptibility for bilirubin neurotox-
icity. Whether this is correct and safe should be analysed 
in future studies. Additionally, the recommendation to 

go to the hospital when the score is 9 will result in many 
hospital visits.

In this study, we compared the predictive ability of 
JCard used by parents and paediatricians in recognising 
obvious jaundice and found that 96.3% of scores by 
parents and paediatricians fell within 51.3 µmol/L and 
the intraclass correlation coefficient was 0.933 (95% CI: 
0.925 to 0.940) between them. There were no differences 
between parents and paediatricians in AUCs for detecting 
TSB ≥119.7, ≥153.9, ≥342.0 and ≥427.5 µmol/L. When the 
cut-off values at TSB were ≥205.2 and ≥256.5 µmol/L, the 
AUCs of the parents were lower than those of the paedi-
atricians. This showed that although parents and paedi-
atricians have good inter-rater reliability when using the 
JCard, experienced paediatricians may have more advan-
tages in identifying 205.2 µmol/L<TSB<342.0 µmol/L. 
However, there was no significant difference between 
parents and paediatricians in identifying mild jaundice 
with TSB ≤153.9 µmol/L and severe hyperbilirubinaemia 
with TSB ≥342.0 µmol/L.

Figure 4  A Bland-Altman plot of TSB and JCard values of parents and paediatricians: (A) Agreement between TSB and 
JCard values of parents for all newborns; (B) Agreement between TSB and JCard values of paediatricians for all newborns; (C) 
Agreement between TSB and JCard values of parents for newborns with 85.5 μmol/L ≤ TSB ≤ 307.8 μmol/L; (D) Agreement 
between TSB and JCard values of paediatricians for newborns with 85.5 μmol/L ≤ TSB ≤ 307.8 μmol/L. The lines represent 
mean difference and ±1.96 SD of the difference. JCard, jaundice colour card; TSB, total serum bilirubin.
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The JCard has some differences from other icterome-
ters. First, its measurement site was different from those 
of other jaundice metres. During the neonatal period, 
skin disorders are quite common. Sebaceous gland 
hyperplasia is the most common cutaneous condition 
found in neonates (53%–89.4%) and the most common 
site of location is the nose.35 36 In the previous study, 
the nose was the recommended measurement site for 
icterometers, such as Ingram icterometer, Bilistrip and 
Bili-ruler. Therefore, some neonates with cortisol hyper-
plasia over the nose may not be suitable to use them to 
detect jaundice. Previously, we found that the cheek was 
the best measurement site for the JCard.26 Therefore, 
the JCard may be applicable to more newborns. Second, 
compared with the two-colour icterometer, the JCard 
has six different shades of yellow stripes and can more 
conveniently help parents judge the approximate degree 
of jaundice. Third, the production cost of the JCard is 
about $0.10 per device, which is lower than that of Bili-
ruler ($1.0 per device).20

In the analysis of children with TSB ≥342.0 µmol/L, we 
observed that a newborn with TSB=410.2 µmol/L had a 
parent JCard value of 8 and had a paediatrician score of 
15. It is not ruled out that the mother or father was a 
patient with colour vision abnormalities. Therefore, we 
recommend that two parents perform the test at home, 
and the highest value should be taken.

Our study had several limitations. First, it was hospital 
based, and the bilirubin level of the participants was gener-
ally high, which may not reflect the performance of the 
general population. Second, the parents who participated 
in this study were asked verbally if they had ophthalmic 
diseases such as colour blindness and weakness, but no 
ophthalmic tests were performed on them. Third, our 
colour comparison card was designed according to the 
Han Chinese neonate skin colour and was unsuitable 
for people with other skin colours. Fourth, our study was 
conducted at nine hospitals. TSB was not detected using the 
same biochemical instrument and there were no data of a 
quality control programme of TSB measurements. Fifth, we 
primarily recruited term infants and had a low number of 
preterm infants. Sixth, the JCard’s scores under natural and 
artificial light have not been compared. Finally, our study 
was conducted in the hospital, not in the family environ-
ment, which may not fully simulate the family setting.

In conclusion, our study shows that the JCard can be used 
to classify different levels of bilirubin, but it is less accurate 
with high bilirubin levels. To avoid missed diagnosis of 
severe jaundice, we suggested that parents use a low JCard 
score to identify severe hyperbilirubinaemia. Of course, this 
should be verified in future studies. While awaiting these 
data, the JCard should be used cautiously before general 
use in large populations in low/middle-income countries.
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