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Abstract:  
Background: Bilirubin induced neurological dysfunction (BIND) remains an important cause of 
disability in developing countries. Although high total serum bilirubin (TSB) is the main instigator 
for BIND, different babies may have different neurological outcomes at the same TSB level. This 
reflects the need for a more specific predictive factor for the neurological outcome, which would 
allow prompt intervention and prevention of kernicterus.  
Aim of the Work: To assess the value of serum activin A as a predictor for acute bilirubin 
neurotoxicity and adverse neurodevelopmental outcomes at one year of life. 
Materials and Methods: The study enrolled 84 term/near-term infants admitted with indirect 
hyperbilirubinemia requiring intervention to the Neonatal Intensive Care Unit of Cairo 
University Children’s Hospital. Clinical examination, BIND score and laboratory tests including 
activin A were performed. Neurodevelopmental outcome was assessed at 3, 6 and 12 months 
using the Bayley scale of Infant Development II. Correlations between serum activin A, TSB, 
BIND scores and Bayley scores were studied. 
Results: Mean TSB level at admission was 25.92±7.14 mg/dL. BIND score at admission ranged 
from 0-7, and mean serum activin A level was 109.92±55 pg/ml. Activin A did not show 
significant correlations with TSB or BIND scores.  A negative correlation between activin A level 
and psychomotor developmental index (PDI) at 3 months was detected however all other 
neurodevelopmental outcomes showed no significant correlation with activin A. 
Conclusion: In cases of neonatal hyperbilirubinemia, activin A is not a reliable biomarker for 
predicting acute or chronic bilirubin induced neurotoxicity. 

Level of Evidence of Study: IIA. (1) 
Keywords: Hyperbilirubinemia; bilirubin; BIND score; acute bilirubin encephalopathy; Bayley 
scales of infant development; activin A 
Abbreviations: ABE: acute bilirubin encephalopathy; BIND: bilirubin induced neurological 
dysfunction; MDI: mental developmental index; PDI; psychomotor developmental index; TSB: 
total serum bilirubin. 
 

Introduction 

Bilirubin induced neurological dysfunction (BIND) still represents a cause of significant 
morbidity and mortality in developing countries (2, 3). Clinically a BIND score >3 is an indicator 
of moderate or advanced acute bilirubin encephalopathy with a risk of permanent neurological 
impairment (4).  This occurs if neonatal hyperbilirubinemia is neglected and left to reach extreme 
levels (5). However, at the same total bilirubin level (TSB), two babies may have completely 
different neurological outcomes, one may develop frank kernicterus and the other may be spared 

(6).  The availability of sensitive and specific biomarkers for neurological injury, independent of 
TSB values, can help identify specific babies at risk, thus providing means for clinicians to 
accelerate therapy and minimize residual brain damage. 
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Activin A is a glycoprotein member of the transforming growth factor beta protein family, which 
was first isolated from gonads but was later detected in numerous body cells, and was found to 
perform various functions in cell repair (7). Activin receptors have been identified in the 
cerebrum and spinal cord and was recently found to have a major neurotrophic factor in the 
developing injured brain (8). Activin A level was found to increase soon after neonatal hypoxic 
ischemic brain injury and was detected in numerous body fluids such as cord blood (9, 10), blood 
(11), urine (12) and cerebrospinal fluid  (13) of hypoxic infants. It was also detected in the urine 
(14) and blood of infants with intraventricular hemorrhage (15). The surge in activin A levels 
following brain insults makes it a potentially suitable biochemical index of brain injury [11] and 
places it among the group of recently identified “brain biomarkers” (16).  Since it plays an 
important biological role in cell repair and angiogenesis; it might also have a possible therapeutic 
effect on injured neurons (17). The aim of this study was to assess the unknown potential validity 
of serum activin A as a predictor for acute and chronic bilirubin neurotoxicity in babies with 
hyperbilirubinemia.  This was achieved through correlating serum activin A level with BIND 
scores as well as neurodevelopmental outcome scores throughout the first year of life. 

Subjects and Methods  
This prospective cohort study was conducted at the Neonatal Intensive Care Unit of Cairo 

University Children’s Hospital in the period between October 2014 and February 2016 as part 
of a bigger study for neurodevelopmental follow up of babies with neonatal hyperbilirubinemia 

(18). Newborns were enrolled over the course of 5 months, and follow up was performed until all 
infants reached one year of age. The study was approved by the ethical committee of Cairo 
University Pediatric Department. An informed consent was obtained from the patients’ parents. 

Participants 
This study included newborns admitted to the Neonatal Intensive Care Unit with indirect 

hyperbilirubinemia requiring intervention according to the American Academy of Pediatrics 
guidelines (19). Any baby with gestational age ˂35 weeks (n=21), admission age >14 days (n=18), 
history suggestive of perinatal asphyxia or proven central nervous system malformation (n=5), 
clinically proven disease besides jaundice (n=14) or living in remote areas prohibiting follow up 
(n=9) were excluded from the study, leaving 177/244 in the inclusion pool. Based on an initial 
pilot study, median activin values of approximately 100 pg/ml in neonates with BIND ≤ 3 and 
115 pg/ml in those > 3 were expected. A sample size of 80 was calculated to have a power of 80% 
and a p value of 0.05. Eighty-four newborns were finally included in the study. (Figure 1). 

All included newborns were subjected to full history taking and thorough clinical 
examination. Gestational age was verified using the Ballard score (20) since our study population 
was comprised of out-born neonates with no documentation of accurate gestational age.  
Anthropometric measurements, and signs and degree of acute bilirubin encephalopathy using 
the BIND score (4) were recorded for all infants. The BIND score was used to assess for acute 
bilirubin encephalopathy (ABE).  It is a clinical tool used to detect and grade ABE in babies with 
hyperbilirubinemia by assessing mental state, muscle tone and cry pattern. Scores of (1–3), (4–
6), (7–9) indicate mild, moderate and severe acute bilirubin encephalopathy respectively. 

Methods 
- Clinical Data  
Follow up was scheduled at 3, 6 and 12 months of age for neurodevelopmental assessments. 

Seventy nine  of 84 babies completed follow up until 12 months of age (4 dropped out and 1 died 
at age of 3 months at home of undetermined etiology). Neurodevelopmental assessment was 
performed by a blinded examiner using the Bayley scales of infant development II. This is 
composed of the mental developmental index (MDI) and the psychomotor developmental index 
(PDI). The MDI is used to evaluate cognition by testing sensory perception, knowledge, memory, 
problem solving and early language, whereas the PDI is used to assess gross and fine motor 
skills. Normal developmental indices of PDI and MDI scores are ≥85. Mild delay is defined at 
scores of 70–84, and severe delay is defined at scores of ≤69 (21). 
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Figure 1.  Flowchart of Studied Neonates and their outcomes. 

 
- Laboratory Data   
Blood samples were drawn from all infants at admission. Complete blood picture, TSB, 

reticulocyte count, and Coomb’s test were analyzed.   Maternal blood grouping was also 
performed.  Admission TSB was measured after the blood samples were allowed to clot, and 
centrifuged for 20 minutes at 3000 rpm. Serum bilirubin was measured using AU 480-Chemistry 
auto-analyzer (Beckman Coulter Diagnostics-USA) and levels were plotted on the curve for 
phototherapy and exchange transfusion to detect the required intervention (19).  Activin A 
samples were drawn at admission and stored in the central laboratory deep freezer at -20 degrees 
Celsius (as per the kit’s instruction manual).   After sample collection was complete at the end of 
the enrollment period, activin A was then measured using Human activin A (ACV-A) ELISA kit 
with a measuring range 8-350 pg/ml (NOVA, DaXing industry Zone, Beijing, China) according 
to the manufacturer’s instructions. All laboratory analyses were performed in the central 
laboratory of Cairo University Children Hospital. 

- Follow up Data 
Follow up was scheduled at 3, 6 and 12 months of age for neurodevelopmental assessments. 

79/84 babies completed follow up until 12 months of age (1 died and 4 dropped out). 
Neurodevelopmental assessment was performed by a blinded examiner using the Bayley scales 
of infant development (BSID). This is composed of the mental developmental index (MDI) and the 
psychomotor developmental index (PDI). The MDI is used to evaluate cognition by testing sensory 
perception, knowledge, memory, problem solving and early language, whereas the PDI is used to 
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assess gross and fine motor skills. Normal developmental indices of PDI and MDI scores are ≥85. 
Mild delay is defined at scores of 70–84, and severe delay is defined at scores of ≤69 (21, 22). 

Statistical Analysis  
Data were analyzed using SPSS© Statistics version 24 (IBM© Corp., Armonk, NY, USA). 

Numerical data were expressed as arithmetic mean ± SD or median (25th – 75th percentiles). 
Correlations between variables were detected using Spearman’s correlation test. P values < 0.05 
were considered statistically significant. 

Results 

Of the 84 babies studied, 40 % were females, and 60% were males, with a mean birth weight 
of 2851±449 grams, and a mean gestational age of 37.7±1.1 weeks. BIND scores at admission 
ranged between  0-7, TSB ranged between 10.5-63 mg/dl with a mean of 25.92±7.14 mg/dL, and 
serum activin A levels ranged between 21.5 – 299.5 with a mean of 109.92±55 pg/ml (Table I). 

Table 1. Demographic, clinical and laboratory data of the studied neonates.  

Data Range Mean ± SD 

Gestational age (weeks). 35-40 37.7±1.1 

Weight (grams). 1820-4065 2851±449 

Age of admission (days). 1-14 5(3-7)* 

BIND score 0-7 0(0-2)* 

TSB (mg/dL) 10.5-63 25.92±7.14 

Activin A (pg/ml) 21.5 – 299.5 109.92±55 

Hb (gm/dL) 4-22 13.8±3.1 
* Data are represented by median (25th-75th percentile). 
BIND: Bilirubin Induced Neurologic Dysfunction; Hb: Hemoglobin; TSB: Total Serum Bilirubin. 

 
No significant correlation was detected between activin A and BIND score in this study, nor 

was there any significant correlation between activin A and TSB level (Figures 2,3).  In terms of 
neurodevelopmental outcome, there was a significant correlation between activin A levels and the 
PDI scores at 3 months of age. Otherwise no significant relationship was shown between activin 
A levels and PDI at 6 and 12 months, nor MDI scores at any stage of follow up (Figure 4). 

 

 
Figure 2. Correlation between BIND score and activin A.  

BIND: Bilirubin Induced Neurologic Dysfunction; rs: Spearman correlation coefficient. 
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Figure 3. Correlation between TSB and activin A.  

rs: Spearman correlation coefficient; TSB: Total Serum Bilirubin 
 
 

  

 

Figure 4. Correlation between activin A and neurodevelopmental outcome at 3, 6 and 12 
months of age.  

* A significant statistical correlation was present at 3 months between activin A and PDI. There was no 
correlation at 6 or 12 months. MDI: mental developmental index; PDI: psychomotor developmental index; 
rs: Spearman correlation coefficient. 
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Discussion 

The aim of this study was to test the reliability of activin A as a serum biomarker for bilirubin 
induced neurotoxicity and as a predictor of neurodevelopment outcome.  Since ABE is a 
preventable cause of brain damage and remains a global health burden, especially in 
underdeveloped countries (2, 3), accurate and timely identification of cases with severe 
hyperbilirubinemia prone to develop neurological sequelae is of utmost importance for early 
intervention, and prevention of complications.  

Previous studies have suggested that activin A could be a marker of neurological injury (14–
16); accordingly, a relationship between activin A and bilirubin, as well as between activin A and 
BIND score was pursued.  No significant correlation was detected between TSB and activin A 
levels in this study. A possible explanation is that free bilirubin and not TSB is the neurotoxic 
agent.   This is demonstrated by the fact that different infants react to the same total serum 
bilirubin level in different ways and some babies have normal developmental outcome despite 
extreme hyperbilirubinemia (6).  This may be due to variations in the level of free bilirubin 
reaching the brain cells and/or the diverse genetic susceptibilities that may predispose some but 
not all babies to severe neurological damage (23).  

The BIND score, a proven method for the clinical assessment of ABE has been previously 
shown to correlate well with neurological outcome in hyperbilirubinemic babies, where high BIND 
scores are predictors of poor outcome (24).   This study tested the sensitivity of activin A as a 
biomarker for acute brain injury in bilirubin encephalopathy but failed to find any correlation 
between the BIND score and activin A levels, negating a relationship between activin A and ABE. 

Another aim of the study was to detect whether activin A levels could predict long term 
neurological outcome in neonatal hyperbilirubinemia.  Untreated ABE can adversely affect motor 
development as well as hearing, and might impact mental development to a much lesser extent 

(25).  Although our results showed a significant negative correlation between activin A levels and 
PDI scores at 3 months, this relation was not noted at the 6 or 12 months follow up. Furthermore, 
there was no parallel correlation with BIND score; and since BIND has been previously shown to 
reflect neurological injury (24), the evidence provided by the solitary correlation of PDI at 3 
months was too weak.  Essentially as no other studies have been published to date regarding 
activin and neonatal hyperbilirubinemia. Hence, it was not possible to corroborate these findings 
with others; and certainly, future larger studies will be of value in validating or negating these 
results. 

Despite studies showing activin A as a good marker of ischemic brain injury, few other 
studies failed to show any correlation between activin A and brain injury; Tong et al., reported 
non-significant correlation between umbilical artery activin and fetal oxygenation or risk of 
hypoxic–ischemic encephalopathy (26).  Also, Lai et al., reported that only severe hypoxia 
associated with convulsions increased expression of activin A in rat brains (27). It could be that 
brain insults that involve ischemic vascular injury rather than neuronal injury are the 
stimulators for increased activin A (28), therefore the pathophysiology of bilirubin induced brain 
injury which does not induce these ischemic changes may be the reason that activin A levels do 
not significantly increase in neonatal hyperbilirubinemia. Additionally, other factors exist that 
may affect activin A levels, including different maternal factors (29, 30) as well as varying 
gestational  (31) and post-natal ages (28). 

This study has several limitations including our inability to assess other factors influencing 
the improvement in developmental scores over time such as environmental factors, rehabilitation 
programs or early installation of hearing aids. Also sample size might be considered a limitation 
in view of its small size. To our knowledge this is the first study investigating the role of activin 
A as a biomarker for bilirubin induced brain injury. 

Conclusion 

The results of this study suggest that activin A is not a reliable serum biomarker for 
prediction of acute or chronic bilirubin encephalopathy. Further and larger studies may be needed 
to corroborate these results but it is our recommendation that activin A has no role as part of a 
“bilirubin panel of investigations” in neonatal hyperbilirubinemia-induced neurotoxicity 
detection. 



 El Mazzahy et al., Activin A in Neonatal Bilirubin Induced Encephalopathy  145 

 

PSJ 2022, 2(2): 139- 146. DOI: 10.21608/CUPSJ.2022.245869 https://cupsj.journals.ekb.eg/ 

 

Author Contributions: All authors searched medical literature, databases, conceptualized, 
conducted the case review and reviewed the final manuscript. All authors have read and agreed 
to the published version of the manuscript. 
 
FUNDING  

Authors declare there was no extramural funding provided for this study.  

CONFLICT OF INTEREST 

The authors declare no conflict of interest in connection with the reported study. Authors 
declare veracity of information.  

 
References 
 
1.  S. Tenny, M. Varacallo, Evidence Based Medicine. (StatPearls Publishing; Treasure Island 

(FL), 2020; https://www.ncbi.nlm.nih.gov/books/NBK470182/). 
2.  N. F. Helal, E. A. G. A. Ghany, W. A. Abuelhamd, A. Y. A. Alradem, Characteristics and 

outcome of newborn admitted with acute bilirubin encephalopathy to a tertiary neonatal 
intensive care unit. World J. Pediatr. 15, 42–48 (2019). 

3.  B. Olusanya, F. Osibanjo, C. Mabogunje, T. Slusher, S. Olowe, The burden and 
management of neonatal jaundice in Nigeria: A scoping review of the literature. Niger. J. 
Clin. Pract. 19, 1 (2016). 

4.  L. Johnson, V. K. Bhutani, K. Karp, E. M. Sivieri, S. M. Shapiro, Clinical report from the 
pilot USA Kernicterus Registry (1992 to 2004). J. Perinatol. 29, S25–S45 (2009). 

5.  C. J. Wusthoff, I. M. Loe, Impact of bilirubin-induced neurologic dysfunction on 
neurodevelopmental outcomes. Semin. Fetal. Neonatal Med. 20, 52–57 (2015). 

6.  R. Gamaleldin, I. Iskander, I. Seoud, H. Aboraya, A. Aravkin, P. D. Sampson, R. P. 
Wennberg, Risk Factors for Neurotoxicity in Newborns With Severe Neonatal 
Hyperbilirubinemia. PEDIATRICS. 128, e925–e931 (2011). 

7.  T. Nakamura, K. Takio, Y. Eto, H. Shibai, K. Titani, H. Sugino, Activin-binding protein 
from rat ovary is follistatin. Science. 247, 836–838 (1990). 

8.  E. Bloise, P. Ciarmela, C. Dela Cruz, S. Luisi, F. Petraglia, F. M. Reis, Activin A in 
Mammalian Physiology. Physiol. Rev. 99, 739–780 (2019). 

9.  P. Florio, S. Perrone, S. Luisi, M. Longini, D. Tanganelli, F. Petraglia, G. Buonocore, Activin 
A Plasma Levels at Birth: An Index of Fetal Hypoxia in Preterm Newborn. Pediatr. Res. 
54, 696–700 (2003). 

10.  M. Fiala, M. Baumert, Z. Walencka, M. Paprotny, Umbilical activin A concentration as an 
early marker of perinatal hypoxia. J. Matern. Fetal Neonatal Med. 25, 2098–2101 (2012). 

11.  P. Florio, Activin A in asphyxiated full-term newborns with hypoxic ischemic 
encephalopathy. Front. Biosci. E2, 36–42 (2010). 

12.  P. Florio, S. Luisi, B. Moataza, M. Torricelli, I. Iman, M. Hala, A. Hanna, F. Petraglia, D. 
Gazzolo, High Urinary Concentrations of Activin A in Asphyxiated Full-Term Newborns 
with Moderate or Severe Hypoxic Ischemic Encephalopathy. Clin. Chem. 53, 520–522 
(2007). 

13.  P. Florio, S. Luisi, M. Bruschettini, D. Grutzfeld, A. Dobrzanska, P. Bruschettini, F. 
Petraglia, D. Gazzolo, Cerebrospinal Fluid Activin A Measurement in Asphyxiated Full-
Term Newborns Predicts Hypoxic Ischemic Encephalopathy. Clin. Chem. 50, 2386–2389 
(2004). 

14.  A. Sannia, L. J. Zimmermann, A. W. Gavilanes, H. J. Vles, M. G. Calevo, P. Florio, D. 
Gazzolo, Elevated Activin A urine levels are predictors of intraventricular haemorrhage in 
preterm newborns. Acta Paediatr. 102, e449–e454 (2013). 

15.  P. Florio, S. Perrone, S. Luisi, P. Vezzosi, M. Longini, B. Marzocchi, F. Petraglia, G. 
Buonocore, Increased Plasma Concentrations of Activin A Predict Intraventricular 
Hemorrhage in Preterm Newborns. Clin. Chem. 52, 1516–1521 (2006). 

16.  E. M. Graham, A. D. Everett, J.-C. Delpech, F. J. Northington, Blood biomarkers for 
evaluation of perinatal encephalopathy: state of the art. Curr. Opin. Pediatr. 30, 199–203 
(2018). 

17.  I. Bersani, F. Pluchinotta, A. Dotta, I. Savarese, F. Campi, C. Auriti, N. Chuklantseva, F. 
Piersigilli, F. Gazzolo, A. Varrica, A. Satriano, D. Gazzolo, Early predictors of perinatal 



 El Mazzahy et al., Activin A in Neonatal Bilirubin Induced Encephalopathy  146 

 

PSJ 2022, 2(2): 139- 146. DOI: 10.21608/CUPSJ.2022.245869 https://cupsj.journals.ekb.eg/ 

 

brain damage: the role of neurobiomarkers. Clin. Chem. Lab. Med. CCLM. 58, 471–486 
(2020). 

18.  S. S. ElTatawy, E. A. Elmazzahy, A. M. El Shennawy, H. A. Madani, H. Abou Youssef, I. F. 
Iskander, The spectrum of bilirubin neurotoxicity in term and near-term babies with 
hyperbilirubinemia: Does outcome improve with time? Early Hum. Dev. 140, 104909 
(2019). 

19.  Subcommittee on Hyperbilirubinemia, Management of Hyperbilirubinemia in the Newborn 
Infant 35 or More Weeks of Gestation. PEDIATRICS. 114, 297–316 (2004). 

20.  J. L. Ballard, J. C. Khoury, K. Wedig, L. Wang, B. L. Eilers-Walsman, R. Lipp, New Ballard 
Score, expanded to include extremely premature infants. J. Pediatr. 119, 417–423 (1991). 

21.  Bayley, N, Bayley Scales of Infant Development (The Psychological Corporation, San 
Antonio, Second., 1993). 

22.  I. Cirelli, M. Bickle Graz, J.-F. Tolsa, Comparison of Griffiths-II and Bayley-II tests for the 
developmental assessment of high-risk infants. Infant Behav. Dev. 41, 17–25 (2015). 

23.  Watchko JF, in Avery’s Diseases of the Newborn (Elsevier, Philadelphia, ed. 10, 2018), pp. 
1198–1218. 

24.  S. Z. El Houchi, I. Iskander, R. Gamaleldin, A. El Shenawy, I. Seoud, H. Abou-Youssef, R. 
P. Wennberg, Prediction of 3- to 5-Month Outcomes from Signs of Acute Bilirubin Toxicity 
in Newborn Infants. J. Pediatr. 183, 51-55.e1 (2017). 

25.  S. M. Shapiro, Chronic bilirubin encephalopathy: diagnosis and outcome. Semin. Fetal. 
Neonatal Med. 15, 157–163 (2010). 

26.  S. Tong, V. Egan, E. M. Wallace, Fetal activin A: associations with labour, umbilical artery 
pH and neonatal outcome. BJOG Int. J. Obstet. Gynaecol. 111, 326–330 (2004). 

27.  M. Lai, E. Sirimanne, C. E. Williams, P. D. Gluckman, Sequential patterns of inhibin 
subunit gene expression following hypoxic-ischemic injury in the rat brain. Neuroscience. 
70, 1013–1024 (1996). 

28.  F. Brackmann, C. Alzheimer, R. Trollmann, Activin A in Perinatal Brain Injury. 
Neuropediatrics. 46, 082–087 (2015). 

29.  P. Florio, F. M. Reis, F. M. Severi, S. Luisi, A. Imperatore, M. A. Palumbo, F. Bagnoli, W. 
Gioffre, F. Petraglia, Umbilical cord serum activin A levels are increased in pre-eclampsia 
with impaired blood flow in the uteroplacental and fetal circulation. Placenta. 27, 432–437 
(2006). 

30.  S. A. Marshall, A. G. Cox, L. J. Parry, E. M. Wallace, Targeting the vascular dysfunction: 
Potential treatments for preeclampsia. Microcirculation. 26, e12522 (2019). 

31.  J. M. Loose, S. L. Miller, V. G. Supramaniam, J. W. Ward, A. E. O’Connor, D. M. de Krester, 
E. M. Wallace, G. Jenkin, Hypoxia induced activin secretion by the fetoplacental unit: 
differential responses related to gestation. BJOG Int. J. Obstet. Gynaecol. 111, 1346–1352 
(2004). 

 

 

© 2022 submitted by the authors. Open access publication under the 
terms and conditions of the Creative Commons Attribution (CC- BY-
NC- ND) license. (https://creativecommons.org/licenses/by-nc-nd/2.0/). 

 


