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SUMMARY:
Objective: To establish the role of prenatal factors

for neonatal jaundice (NJ) in newborns (NB).
Material and methods: Retrospective study cover-

ing 566 mothers and their newborns, patients of Univer-
sity Hospital Medica Ruse, Bulgaria, from 01. 01. 2017 to
31. 10. 2020. The data were obtained from the documenta-
tion of the mother. Bilirubin (BR) levels were monitored
by transcutaneous  measurement with a KJ-8000 biliru-
binometer .

Results: Significantly higher levels of BR are regis-
tered in NBs, whose mothers aged ≤20 years. History of NJ
in siblings and hyperbilirubinemia in subsequent NB are
moderately strongly correlated (p=0.025). First-born infants
have significantly lower BR levels (p=0.037).

The BR levels of NBs whose mothers were at risk of
premature birth were significantly higher. In infants of
mothers with Preeclampsia, lower levels of BR are regis-
tered. We found a negative linear relationship between thy-
roid gland pathology and BR levels. We found a positive
relationship between maternal urinary tract pathology and
the manifestation of hyperbilirubinemia in NBs. A nega-
tive correlation was observed between maternal anemic
conditions and NB hyperbilirubinemia. NBs of mothers with
inflammatory diseases of the female reproductive system
have significantly higher levels of BR.

Conclusion: Prenatal factors influencing NJ are ma-
ternal parity and age, as well as a history of jaundice in
siblings. Inflammatory diseases of the reproductive system
affect the degree of bilirubinemia, pathology of the urinary
system increases its frequency. Well-controlled thyroid
function and balanced iron supplementation in pregnant
women help to better balance the metabolism of BR in full-
term NBs. Preeclampsia diminishes the incidence of hyper-
bilirubinemia in full-term infants.
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INTRODUCTION:
Neonatal jaundice (NJ) is a visual manifestation of

yellow coloration of the skin, mucous membranes and
sclera of the newborn (NB) due to increased levels of to-
tal bilirubin (BR) [1, 2]. Demographic, environmental and
genetic factors have been identified as being at risk of
developing severe neonatal hyperblirubinaemia (HB)[3].
Prenatal, intranatal, and postnatal effects may influence
the evolution of NJ. Mother’s knowledge, attitude, and
behavior about the various aspects of NJ are significantly
better in older than in younger women and significantly
better with increasing birth rates, as well as in mothers
with higher levels of education [4].

PURPOSE:
To establish the role of prenatal factors (sequence

of pregnancy and childbirth, history of NJ in siblings
and diseases during pregnancy) for the manifestation of
NJ in NBs.

MATERIAL AND METHODS:
The study is retrospective, includes 566 mothers

and their full-term infants who were patients of the De-
partment of Obstetrics and Department of Neonatology of
University Hospital Medica Ruse, Bulgaria, from January
2017 to October 2020. Data on the pathology of preg-
nancy were obtained from the documentation submitted
in admission and medical history. Data on the manifesta-
tion of NJ are derived from the medical history of NBs. A
transcutaneous measurement of total BR with a biliru-
binometer KJ-8000 was performed as follows: from about
12th postnatal hour daily until discharge, on the 12-14th
and 28th-30th postnatal day. Patient’spersonal data and
test results were stored, processed, and presented in ac-
cordance with the Personal Data Protection Act.

The statistical processing was performed using the
statistical processing program IBM SPSS Statistics ver-
sion 23 and spreadsheet program, part of the MS Office
package - Microsoft Excel version 2016. For the signifi-
cance level, which rejects the null hypothesis, p≤0.05
was chosen.
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RESULTS:
The age distribution of mothers is shown in Table

1. Significantly higher levels of BR from the second to
the fifth day (p=0.022, p=0.016, p=0.006, p=0.055) were
registered in the group of mothers aged ≤20 years. We
proved a statistically significant inverse weak linear re-

lationship between the levels of BR on the second day
in NBs and the age of the mother (r (362) = -0.112,
p=0.033). No difference was found in the levels of BR
in NBs when compared based on marital status, educa-
tional qualifications of the mother and place of resi-
dence. (Table 1, Fig. 1).

Table 1. Distribution of cases of NJ according to maternal factors (p≤0.05; r›  - Spierman rank correlation coeffi-
cient, R² - coefficient of determination)

Fig. 1. Mean levels of total bilirubin values in newborns (µmol/L) according to the age of the mother by postna-
tal days

Multifactorial linear regression analysis of maternal
demographics (age, place of residence, education, marital
status) versus postnatal BR levels in their children showed
a significant negative relationship between parturient age
and BR of NB on the second day after birth (R², 1.3 CI, -

1,660 ÷ -0.071, p=0.033). With regard to other demographic
indicators, no significance was reported.

Confirmation of the presence of NJ in siblings gave
66.9% of multipara. Their newborns expressed higher lev-
els of BR during the entire neonatal period (Tabl.1, Fig.2).

Index Groups(n)
NB with

NJ(%)
p r R²

<20 13 41.3 2nd day 0.022 2.6%

Age (in years) 20-29 341 36.5 3th day 0.016 2.2%

28.8±5.1 30-39 196 20.0 4th day 0.006 3.4%

≥≥≥≥≥40 16 38.9 5th day 0.055 3.5%

Married 332 41.0 NS

Marital status Single 230 36.1

Another 4 25.0

Education Primary 13 53.8 0.036 0.096

Higher secondary 356 34.8

Tertiary 197 45.2

District  city 377 38.2 NS

Domicile Town 90 38.9

Village 99 41.4

Pregnancy (n)
1 393 38.9 NS

>1 173 38.7

Birth (n)
1 407 38.8 NS

>1 159 39.0

History of NJ Responded 146

in sibling With NJ 102 69.9 0.025 0.227
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A moderately strong association was found between the
history of NJ in siblings and the presence of HB in the next
NB. Spearman rank correlation coefficient was calculated:

Fig. 2. Mean level of total bilirubin values in newborns (µmol/L) according to a history of NJ in the previous
sibling

Table 2. Maternal diseases during pregnancy (*p≤0.05;R² - coefficient of determination)

(r› )-r› (98)=0.227, p=0.025. NB with previous siblings with
NJ required phototherapy in 59.8% of cases, while those
without such history – only in 29.5%.

71.9% of NBs were first born children. They had sig-
nificantly lower BR levels on the fourth postnatal day
(155.30±33.0 µmol/L) compared to those from second or
consecutive births (163.7±30.9 µmol/L, p=0.037). Despite
the established difference, the need for phototherapy in
both groups was similar - 46.2% and 49.1%, respectively.
Multifactorial linear regression analysis between BR lev-
els in NBs and pregnancy sequence, birth sequence and his-
tory of HB showed significant values on the second (R²,
8.90%; p=0.032) and fourth postnatal day (R², 8.2%;
p=0.040).

Pathology of pregnancy with imminent premature
birth in the last trimester, which required hospital treatment,
was registered in 5.1% of mothers (Table 2). 34.6% of these
mothers gave birth of children with HB. Mean BR values
of these NB were significantly higher than in the other
groups on the second (156.1±39.7 µmol/L) and third (174.2
±47.6 µmol/L) postnatal day. The correlation between HB
in NB and pathology with imminent premature birth is
weakly positive (2nd day: r(360)=0.115, p=0.029; 3rd day:
r(468)=0.103, p=0.025). (Table 2, Fig. 3)

NB with HB

Maternal diseases Number of in the p* R²
mothers   relevant group (for BR level)

(% of all) (%)

Risk of preterm delivery 29 (5.1%) 34.6 2nd day 0.029* 1.3%

3th day 0.025* 1.1%

Thyroid gland 41 (7.2%) 39.0 NS

Preeclampsia 48 (8.5%) 33.3 NS

Anemia 27 (4.8%) 37.0 NS

Female reproductive system 17 (3.0%) 58.8 3th day 0.014* 1.3%

Urinary tract 27 (4.8%) 48.1 5th day 0.014* 1.3%

All infections 56 (9.9%) 48.2 NS

NB with HB from 1st to 14th days                        38.9%
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Fig. 3. Mean level of total bilirubin values in newborns (µmol/L) according to maternal diseases during preg-
nancy.

Mothers who received therapy during pregnancy due
to established hypertension or Preeclampsia consist 8.5%
of the group. Their children have a lower incidence of HB
(33.3%).

Pathology of the thyroid gland requiring thyroid
hormone replacement therapy was found in 7.2% of the
mothers. The incidence of HB in this group was 39%. We
proved a statistically significant weak negative linear re-
lationship between both indicators on the first day (r=-
0.140, p=0.027).

2.8% of mothers suffered from urinary system pathol-
ogy during pregnancy (hydronephrosis, calculosis, renal
colic). HB was observed in 48.1% of their NBs. The corre-
lation analysis showed a weak positive relationship be-
tween renal pathology during maternal pregnancy and the
manifestation of HB in NB (r=0.116, p=0.014 on day 5).

Anemic conditions requiring treatment were found
in 4.8% of the mothers, and 37% of their children suffered
from HB. A weak negative correlation was observed be-
tween maternal anemic conditions during pregnancy and
HB of NBs(r=-0.089, p=0.027 on day 3; r=-0.112, p=0.051
on day 5). No significant difference was found in mean bi-
lirubin levels in newborns of anemic mothers(Fig.3), al-
though they were lower compared to the other groups.

Inflammatory diseases of the female reproductive
system, requiring systemic and local antimicrobial treat-
ment, have been documented in 3% of cases. The NBs of
these mothers had significantly higher BR levels on the
third postnatal day (p=0.023). The performed correlation
analysis showed a weak positive relationship (r=0.114,
p=0.007 on the third day).

DISCUSSION:
The relationship between maternal age at birth and

the occurrence of neonatal HB is insignificant, according
to some studies [5]. Younger mothers, especially those un-
der the age of 20, represent a higher risk of HB for their
NB compared to the rest of the population [6]. Our study

also demonstrated an inverse correlation between maternal
age and BR levels in NBs.

According to our data, the mother’s demographics
(place of residence, marital status and education) are not
related to the incidence of HB in their NBs. The organiza-
tion of healthcare in Bulgaria assumes that births take place
in hospitals, as the latter is available to all patients, and
the newborns are monitored during the first three days in
neonatology units.

There is a slight correlation between BR levels and
maternal parity [5]. In our group of patients, the share of
those born from the second or subsequent pregnancy is 1/
3 of the total, and from the second or subsequent birth,
slightly less than 1/3. We found significantly higher lev-
els of total BR in children born from second or consecu-
tive birth. However, the sequence of pregnancy did not cor-
relate with bilirubin levels.

In NBs, whose larger siblings suffer from HB
(BR>205 µmol/L), the risk of developing HB was 3.1 times
higher. If the previous sibling expressed significant HB (BR
>257 µmol/L), the risk in the next child increases to 12.5
times [7]. Najib K, et al. puts the history of severe HB in
previous siblings in second place as a risk factor for the
development of NJ [8]. A Danish study of a large number
of births (19809) found a significant correlation between
the incidence of NJ and peak levels of BR in siblings [9].
We found a moderate correlation with higher mean levels
of BR and a higher proportion of phototherapy in NB
whose older siblings had NJ.

Preeclampsia is not associated with neonatal HB [5].
In a study by Maisels M, et al. involving 2416 NB, no sig-
nificant association of HB with Preeclampsia was observed
[10]. Mosayebi Z, et al. assessed laboratory parameters in
children born to mothers with Preeclampsia, only 39.2%
reported the presence of HB [11]. In our study,the incidence
of HB, requiring phototherapy, was lower in newborns born
to mothers with Preeclampsia. Boskabadi H, et al., in sev-
eral of the cited studies in their meta-analysis, reported that
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hypertension and Preeclampsia during pregnancy often
lead to NJ (4.7-19%) because high maternal blood pressure
is an important factor for premature birth and premature ba-
bies are at high risk of developing jaundice due to hepatic
immaturity and polyglobulia [12]. On the other hand,
Preeclampsia stimulates the maturation of the fetal liver
function. Therefore, full-term infants born to mothers with
such pathology expressed lower levels of BR.

Uncontrolled maternal hyperthyroidism in the sec-
ond half of pregnancy can lead to transient central hy-
pothyroidism in NB [13]. Most, if not all, cases of transient
congenital hypothyroidism are due to maternal auto-
immune thyroid disease [13]. We did not find a difference
in bilirubin levels in the NB of mothers treated for thyroid
pathology; all mothers were in a euthyroid condition at
birth. We registered a child with transient hypothyroidism
who suffered from prolonged NJ. Íis mother had elevated
antithyroglobulin antibodies.

Anemia in pregnant women is a high-risk factor for
the pathological course of HB in NBs [14]. High doses of
iron supplementation in pregnant women increase the in-
cidence of physiological jaundice in NBs [15].Excess of
iron influences hemoxygenase-1, which is responsible for
converting heme to biliverdin. The latter, in turn, becomes
BR and may increase the likelihood of NJ [16].

Delayed umbilical cord clamping is associated with
increased iron transfer to the NB and also increased NJ fre-
quency [17]. Children of anemic pregnant women in our
group did not suffer more often from severe jaundice,

which indicates adequate therapy. A weak negative corre-
lation was observed between the presence of anemia in
pregnant women and HB in the NB.

Manifestation of maternal infection during preg-
nancy is strongly associated with neonatal HB [5]. Prema-
ture rupture of the amniotic membranes is a significant fac-
tor in the manifestation of NJ [17,18], and 2.7% [13] of NJ
cases are explained by it. Newborns whose mothers had an
infection during pregnancy are more likely to suffer from
NJ [19]. The incidence of NJ in such neonates is 3.45% [12]
- 4% [20]. We reported a higher than average incidence of
hyperbilirubinemia in children of mothers with inflamma-
tory diseases of the female reproductive system (58.8% of
NBs in this group), urinary system pathology (48.1% of
NBs in this group) and infectious pathology (48.2% of all
inflammatory diseases during pregnancy).

CONCLUSION:
According to our data, prenatal factors that may in-

crease the incidence of NJ and BR levels in NB are parity,
the history of jaundice in siblings, the younger age of the
mother. Inflammatory diseases of the female reproductive
system affect the severity of neonatal bilirubinemia, and
pathology of the urinary system increases its frequency.
Well-controlled thyroid function, as well as balanced iron
supplementation of the pregnant woman, contribute to a
better balance of neonatal BR metabolism. Preeclampsia
and hypertension during pregnancy decrease the rate of HB
in full-term infants.
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