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Abstract Background: Neonatal hyperbilirubinemia is a significant health problem in Myanmar, and the rate of kernicterus

is also higher than in developed countries. Non-invasive methods for early detection and treatment of hyperbiliru-

binemia are urgently needed. In this study, we used transcutaneous bilirubin (TcB) measurements to develop an

hour-specific TcB nomogram for the effective management of hyperbilirubinemia in Myanmar newborns.

Methods: The bilirubin levels of neonates born in Central Women Hospital in Yangon, Myanmar were measured

three times a day within 72 h after birth using a transcutaneous bilirubinometer. An hour-specific TcB nomogram

was created based on the data.

Results: Participants were 512 infants (287 boys, 225 girls) born in Central Women’s Hospital in Yangon. The

mean (!SD) gestational age was 38.4 ! 1.2 weeks; birthweight was 3078 ! 412 g. A total of 3,039 plots were

obtained, and the TcB nomogram was created with smoothed percentile curves (97.5th, 50th, and 2.5th percentiles)

for 0–72 h after birth.

Conclusions: An hour-specific TcB nomogram was successfully created to manage hyperbilirubinemia in Myanmar

newborns.
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Hyperbilirubinemia is a condition that occurs when there is

too much bilirubin in the bloodstream. This excess of bilirubin

causes a yellowing of the skin and of the whites of the eyes,

often called jaundice. Approximately 60% of term newborns

develop physiological jaundice during the first week of life.1

When unconjugated bilirubin is excessive, it can lead to acute

bilirubin encephalopathy, ultimately leading to irreversible

chronic bilirubin encephalopathy, known as kernicterus, char-

acterized by abnormal motor control and auditory processing.

Therefore, early detection and timely treatment are important2

in both high-and low-resource settings.

Myanmar is a developing country with limited resources

for medical care. Neonatal hyperbilirubinemia is a significant

health problem throughout the country because of social and

genetic characteristics. First, many newborns are delivered at

home, which is a cause of poor management of hyperbiliru-

binemia. Doctors do not visit newborns delivered at home for

check-up and their parents also do not visit hospital for check-

ups until the infant shows severe anomalies or neurological

symptoms.

Conversely, neonates born at the hospital are checked by

the pediatric team on a daily basis using Kramer’s rule3 con-

firmed by total serum bilirubin level (TSB). The newborns are

treated according to the American Academy of Pediatrics

guidelines.2 However, these methods have limitations. First,

Kramer’s rule is highly subjective, and the timing of measur-

ing TSB depends on the doctor’s judgment. Second, TSB mea-

surement is invasive and carries the risk of infection.

Because of the genetic characteristics, the incidence of glu-

cose-6-phosphate dehydrogenase deficiency, which is responsi-

ble for neonatal hyperbilirubinemia, is high in the Myanmar

population. In addition, the rate of kernicterus is higher than

in developed countries.4,5

Transcutaneous-bilirubin (TcB) measurement is a non-inva-

sive and relatively easy method that has been widely used as a

screening tool in other countries.6 The JM-103, a transcuta-

neous jaundice meter with two optical paths, is used to screen

for neonatal hyperbilirubinemia and is suitable for monitoring

the time-course of bilirubin increments.7 There is a good

correlation between TcB measurements obtained using the

JM-103 and TSB levels.7,8 Many countries have devel-

oped their own nomogram for management of neonatal hyper-

bilirubinemia6,9–15 because the level of hyperbilirubinemia
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varies among different ethnicities.16 However, to date, no TcB

nomogram has been developed for the effective management

of severe hyperbilirubinemia in infants born in Myanmar. If

severe hyperbilirubinemia is detected during the early neonatal

period, it is possible to avoid a blood exchange transfusion for

the prevention of acute bilirubin encephalopathy. Introduction

of the nomogram, especially for newborns in Myanmar, will

allow doctors to easily and objectively screen for hyperbiliru-

binemia during regular check-ups, which would help to detect

and treat newborns in a timely manner. In this study, we used

the JM-105 (Konica Minolta, Tokyo, Japan), the newer model

of the JM–103 with the same functions.

The aim of our study was to develop an hour-specific TcB

nomogram using a TcB bilirubinometer (JM-105) for the

effective management of neonatal hyperbilirubinemia in

Myanmar newborns.

Methods

Study design

This was a longitudinal observational study. We created an

hour-specific TcB nomogram based on data obtained from

healthy neonates. Participants were randomly recruited from

those born in a public hospital in Yangon, Myanmar.

Ethics

Informed consent was obtained from all caregivers of the

enrolled participants. The study was approved by the Ethics

and Review Committee of the Ministry of Health and Sports

in the Republic of the Union of Myanmar and the National

Center for Global Medicine in Tokyo, Japan.

Study population

The study sample included 512 neonates born in Central

Women Hospital in Yangon, Myanmar between July and

December 2017. The hospital is the largest maternity hospital

in Myanmar and is also a tertiary care teaching hospital affili-

ated to the University of Medicine 1, Yangon. Inclusion crite-

ria were neonates born at 35 weeks’ gestation or later and

weighing >2000 g. Exclusion criteria were those with a his-

tory of birth asphyxia, Rh isoimmunization, congenital abnor-

malities, infections, those who received phototherapy and/or

an blood exchange transfusion, and those born outside of the

hospital.

TcB measurements

TcB was measured using the JM-105 three times a day by

trained doctors at 8 am, 2 pm, and 8 pm (at the time of post-

natal check-ups) from day 0 to day 3 after birth. The mid-ster-

num point of the infant’s chest was chosen as the site of

measurement. TcB was calculated as the median of three mea-

surements taken at the same time. Data were recorded on a

sheet and included other information such as date of birth,

gestational age, sex, birthweight, blood type, mother’s race

and blood type, gravida and parity, mode of delivery, and

feeding method (breast milk or formula).

Statistical analysis

Continuous variables (e.g. gestational age and birthweight)

were summarized using means and standard deviations, while

categorical variables (e.g., sex, mother’s race and blood type,

gravida and parity, mode of delivery and feeding) were pre-

sented as absolute numbers and relative percentages. TcB val-

ues were categorized for each hour after birth, and their

means and standard deviations were calculated according to

the period of the hour; the cubic curve approximation for the

97.5th percentile, mean, and 2.5th percentile were identified

using the Python numpy.polyfit method.

Results

In total, 512 newborns (287 boys, 225 girls) were enrolled in

this study. The mean (!SD) of the gestational age was

38.4 ! 1.2 weeks; that of birthweight was 3078 ! 412 g.

Normal spontaneous vaginal delivery was the most common

mode of delivery (61.7%). All infants were exclusively breast-

fed (Table 1).

In total, we took 3,039 TcB plot measurements on the 512

infants. Table 2 shows TcB values at the 97.5th, 50th, and

2.5th percentiles according to the hour after birth from 0 to

72 h. Figure 1 presents a TcB nomogram with smoothed-per-

centile curves (97.5th, 50th, and 2.5th percentiles) and all dots

of the TcB measurements. A comparison of the present TcB

nomogram (JM-105) and those from previous reports (JM-

103) at the 50th percentile is presented in Figure 2.6,9–15

Discussion

In this study, we created, for the first time, an hour-specific

TcB nomogram for use in the first 72 h after birth in Myan-

mar newborns. The reasons we consider this study a success

were (i) the transcutaneous bilirubinometer is feasible for use

by all medical professionals, and (ii) we devised a data collec-

tion method to minimize errors and extra work for doctors. In

Japan, we check TcB levels frequently at specific times after

Table 1 Demographic characteristics of participants (n =512)

Characteristic Mean ! SD, n (%)

Gestational age (weeks) 38.4 ! 1.2
Birthweight (g) 3,078 ! 412
Sex (Male: Female) 287 (56): 225 (44)
Delivery (NSVD: C/S: Vacuum) 316 (62): 183 (36): 13 (2)
Mode of Feeding (Breastfeeding) 512 (100)

C/S Cesarean section; NSVD, normal spontaneous vaginal
delivery; SD, standard deviation.
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birth. This was not possible in Myanmar, however, due to an

extremely large number of patients and limited human

resources. In Myanmar, we had local doctors check TcB levels

only at 8am, 2pm, and 8pm, regardless of the time of birth.

We felt it was important to understand local situations and

introduce new technology in a way that would minimize

potential problems and maximize favorable outcomes.

It was necessary to create a new nomogram for Myanmar

rather than adopt a nomogram from another country because

the level of hyperbilirubinemia varies among different ethnici-

ties.16 A comparison of the TcB nomogram across different

ethnicities shows that Myanmar newborns had higher TcB val-

ues than those of other races until 72 h after birth (Figure 2).

This finding can be explained as follows.

The first risk factor is skin tone. In a previous report, two

different TcB machines overestimated TcB values in Nigerian

individuals with dark skin tones.15 In another report, TcB val-

ues of individuals with light skin tones tended to be underesti-

mated, while those of individuals with darker skin tones were

overestimated.17 We speculated that similar trends in Indian

and Myanmar infants are also associated with the dark skin

tone, which elevates the TcB values.

Other risk factors for hyperbilirubinemia in Myanmar

infants are their genetic backgrounds (i.e. Asian ethnicity)18

and the higher prevalence of glucose-6-phosphate dehydroge-

nase deficiency in the population.19 Within the first 72 h after

birth, we found that the nomograms for Asian populations had

higher TcB values than those for Caucasians. In Asian new-

borns, higher bilirubin values are related to Gly71Arg muta-

tion in the UGA1T1 gene, which is also associated with

Gilbert syndrome.20

Moreover, as shown in Figure 2, the increment rate of new-

borns in Myanmar gradually decreased beyond 40 h after

birth, while that of newborns in Japan continued to increase

lineally beyond 40 h after birth and surpassed the increment

rate of newborns in Myanmar after 72 h.14 Differences in the

Table 2 Transcutaneous bilirubin percentiles according to hours after birth (n = 512)

Hours
after
birth

2.5th

percentile
Mean 97.5th

percentile
Hours
after
birth

2.5th

percentile
Mean 97.5th

percentile
Hours
after
birth

2.5th

percentile
Mean 97.5th

percentile

0 "0.2 1.4 3.1
1 0.0 1.7 3.4 25 3.5 6.9 10.2 49 5.9 10.2 15.0
2 0.1 1.9 3.7 26 3.7 7.0 10.4 50 6.0 10.4 15.2
3 0.3 2.2 4.0 27 3.8 7.2 10.6 51 6.1 10.5 15.3
4 0.5 2.4 4.3 28 3.9 7.4 10.9 52 6.1 10.6 15.5
5 0.6 2.6 4.7 29 4.0 7.6 11.1 53 6.2 10.7 15.6
6 0.8 2.9 5.0 30 4.1 7.7 11.3 54 6.3 10.8 15.8
7 1.0 3.1 5.3 31 4.2 7.9 11.6 55 6.3 10.9 15.9
8 1.1 3.3 5.6 32 4.4 8.1 11.8 56 6.4 11.0 16.0
9 1.3 3.6 5.8 33 4.5 8.2 12.0 57 6.4 11.1 16.2
10 1.4 3.8 6.1 34 4.6 8.4 12.2 58 6.5 11.2 16.3
11 1.6 4.0 6.4 35 4.7 8.6 12.4 59 6.5 11.3 16.4
12 1.7 4.2 6.7 36 4.8 8.7 12.7 60 6.6 11.4 16.5
13 1.9 4.4 7.0 37 4.9 8.9 12.9 61 6.6 11.5 16.6
14 2.0 4.7 7.3 38 5.0 9.0 13.1 62 6.7 11.6 16.7
15 2.2 4.9 7.6 39 5.1 9.2 13.3 63 6.7 11.6 16.8
16 2.3 5.1 7.8 40 5.2 9.3 13.5 64 6.8 11.7 16.9
17 2.5 5.3 8.1 41 5.3 9.5 13.6 65 6.8 11.8 17.0
18 2.6 5.5 8.4 42 5.4 9.6 13.8 66 6.8 11.9 17.1
19 2.7 5.7 8.6 43 5.4 9.7 14.0 67 6.9 11.9 17.2
20 2.9 5.9 8.9 44 5.5 9.9 14.2 68 6.9 12.0 17.3
21 3.0 6.1 9.2 45 5.6 10.0 14.4 69 6.9 12.0 17.4
22 3.2 6.3 9.4 46 5.7 10.1 14.5 70 7.0 12.1 17.4
23 3.3 6.5 9.7 47 5.8 10.2 14.7 71 7.0 12.2 17.5
24 3.4 6.7 9.9 48 5.8 10.3 14.9 72 7.0 12.2 17.6

(mg/dL)

Fig. 1 An hour-specific transcutaneous bilirubin nomogram for
newborns in Myanmar (gestational age >35 weeks, birthweight
>2000 g).
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time-course of bilirubin increments may be explained by dif-

ferent rates of Cesarean section (Myanmar, 35.7%; Japan,

6.6%). In Cesarean-section deliveries, placental transfusion

hardly arises,21 and the rate of bilirubin production is thought

to be lower than in normal spontaneous vaginal deliveries.

The high percentage of Cesarean sections in Myanmar may

contribute to the decrease in the increment rate.

Lastly, as Myanmar has multiple ethnicities, our study sam-

ple included individuals from various ethnic backgrounds. We

could not classify respective trends according to each ethnic-

ity, but, for practical reasons we believe that this was not nec-

essary. As the nomogram was based on data from individuals

of various ethnic backgrounds, it is assumed to be applicable

to all neonatal infants in Myanmar, regardless of ethnicity.

In this study, we successfully created an hour-specific TcB

nomogram for newborns in Myanmar. We believe this product

will be useful and helpful to medical professionals for the

early detection and timely treatment of neonatal hyperbiliru-

binemia. Doctors may use the bilirubinometer to investigate

TcB at the time of the daily check-up. When they find the

TcB value above the nomogram, they will investigate the TSB

in blood samples and initiate phototherapy according to the

AAP guidelines. Consequently, by applying this feasible

method we expect the nomogram to contribute to a reduction

in the number of blood exchange transfusions and incidence

of kernicterus. Our next study should investigate whether or

not this is the case. The appropriate use of the nomogram will

lessen medical, financial, and social burdens in Myanmar, and

we believe it will change the future of many children.

Conclusion

We created an hour-specific TcB nomogram using JM-105 for

newborns within 0-72 h after birth. A comparison of TcB

values at the 50th percentile showed that Myanmar newborns

had higher TcB values than newborns of other countries.

Therefore, a population-specific nomogram is essential for

effective management of neonatal hyperbilirubinemia in

Myanmar.
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