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A B S T R A C T

Objectives: Transient Neonatal Tyrosinemia (TNT) is a benign, self-limiting disorder 
characterized by elevated blood tyrosine levels in neonates. It is often caused by 
immature hepatic enzymes, particularly 4-hydroxyphenylpyruvate dioxygenase (4-
HPPD), and may be influenced by factors such as prematurity, low birth weight, and 
high protein intake. Early detection via newborn screening is essential to differentiate 
TNT from more serious disorders such as tyrosinemia type I. The aim of this study 
is to determine the incidence of TNT and identify perinatal factors associated with its 
development in Iranian neonates.

Methods: This retrospective case-control study reviewed newborn screenings performed 
at the Growth and Development Research Center’s metabolic laboratory between March 
2019 and February 2023. The control group comprised newborns with normal metabolic 
screening results during the study period.

Results: Metabolic screenings were conducted on 73,349 infants. The incidence of TNT 
was found to be 0.47%, corresponding to a total of 345 diagnosed cases. TNT infants 
had a lower gestational age (37.7 ± 1.4 weeks), lower birth weight (2.94 ± 0.5 kg), and 
a higher rate of cesarean deliveries (83.9%) compared to the control group (P < 0.05). 
Logistic regression analysis showed significant associations between TNT and preterm 
birth (OR: 868.2, 95% CI: 168.9–4212.7, P < 0.001), cesarean delivery (OR: 3.5, 95% 
CI: 2.26–5.3, P < 0.001), and gestational age (OR: 0.17, 95% CI: 0.12–0.24, P < 0.001). 
No significant association was found with other parameters (P ≥ 0.05).

Conclusion: TNT incidence in Iranian newborns is associated with prematurity and 
cesarean delivery. Optimizing screening protocols and encouraging vaginal delivery 
when possible may reduce TNT rates.
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            Introduction

P ransient neonatal tyrosinemia (TNT) is a 
benign disorder of tyrosine metabolism 
(1). TNT is the most common type 
of hypertyrosinemia, often detected 
in newborn screening programs and 

associated with a high rate of false positives (2). The 
prevalence of TNT has been estimated by various 
studies, suggesting rates of approximately 1 in 342-
372 neonates (3). Elevated blood tyrosine levels in 
newborn screening can arise from different etiologies, 
including acquired conditions such as extensive liver 
damage, high protein intake, and vitamin C deficiency 
(4). In contrast, hereditary tyrosinemia presents as 
an acute, progressive illness due to defects in various 
enzymes of the tyrosine metabolic pathway, manifesting 
as three distinct forms of tyrosinemia (5). Tyrosine 
serves as a nonspecific marker for both hereditary 
hypertyrosinemia and TNT, complicating the diagnosis 
of hereditary forms in newborn screening programs 
(6). A delay in the maturation of hepatic enzymes, 
particularly 4-hydroxyphenylpyruvate dioxygenase, is 
believed to underlie TNT (7, 8). Numerous studies have 
indicated the adverse effects of elevated blood tyrosine 
on growth, liver function, kidneys, and, importantly, 
mental development (9). Despite being a transient 
disorder, infants diagnosed with TNT typically do not 
exhibit long-term complications. Brief incidents of 
hypertyrosinemia may result in mild but comparable 
outcomes (10). Nevertheless, lethargy, decreased muscle 
tone, and cognitive disabilities have been reported in 
some infants with hypertyrosinemia (11, 12).

Research indicates that TNT is more prevalent in 
preterm infants and correlates with gestational age 
(13). Additionally, relationships may exist between the 
frequency of TNT and other risk factors, such as birth 
weight and newborn nutrition (14,15). Despite extensive 
research, TNT continues to be a prevalent false-positive 
result in newborn screening. Therefore, identifying risk 
factors to minimize false-positive screening outcomes 
is advantageous for both the healthcare system and 
families. Given the lack of data on TNT incidence 
in Iran, we conducted a retrospective case-control 
study to assess potential associations between various 
predisposing factors and the development of TNT. While 
previous studies have explored the correlation between 
preterm birth, birth weight, and TNT, no comprehensive 
analysis has been conducted in this specific population. 
Identification of key risk factors could potentially help 
reduce false-positive outcomes in newborn screening 
programs, benefiting both the healthcare system and 
families. This study aims to provide valuable insights 
into the epidemiology of TNT among Iranian newborns 
and to identify potential modifiable risk factors that 
could improve screening accuracy and reduce false 
positives.

Methods 
Study Design

This retrospective case-control study was 
conducted on newborns screened for inborn errors of 
metabolism at the metabolic laboratory of the Growth 
and Development Research Center (GDRC), Tehran, 
Iran. The study period spanned from March 1, 2019, to 
February 28, 2023. Ethical approval for this study was 
obtained from the Ethical Council of Tehran University 
of Medical Sciences under approval code IR.TUMS.
CHMC.REC.1400.308.

Study Population
Cases included newborns identified with elevated 

tyrosine levels during initial screening who were 
subsequently diagnosed with transient neonatal 
tyrosinemia (TNT) following confirmatory tests. 
Inclusion criteria required confirmation of TNT through 
normalization of tyrosine levels and normal succinyl 
acetone levels in urine. Newborns diagnosed with 
inherited tyrosinemia or those with incomplete data were 
excluded.

Controls included healthy newborns without 
metabolic disorders, randomly selected from the 
same screening population during the study period. 
Randomization was performed using a computer-
generated list to minimize selection bias.

Data Collection
Data on infant demographics (such as birth weight, 

gestational age, and sex) as well as maternal information 
(e.g., age, delivery method, and contact details) were 
collected from related health centers. Additional 
information, including gestational age, feeding type, 
and delivery method, was obtained through parental 
interviews. Tyrosine measurement was used as the 
primary biomarker for TNT screening; however, relying 
solely on tyrosine may lead to false-positive results, 
particularly in newborns with enzyme deficiencies 
affecting tyrosine metabolism.

Laboratory Methods
Newborn screening was conducted using the 

MassChrom® Newborn Screening Kit (57000F, non-
derivatized, Chromsystems Instrument and Chemicals, 
Germany) to analyze amino acid and acylcarnitine 
profiles. The analyses were performed using a triple 
quadrupole LC/MS system (Shimadzu-8045 LC/MS). 
The normal cutoff for tyrosine levels was established 
at less than 292.74 µmol/L. Levels exceeding 336.58 
µmol/L were considered indicative of tyrosinemia.

Statistical Analysis
The Statistical Package for the Social Sciences 

version 20.0 (IBM Corp., Armonk, NY, USA) was 
used for data analysis. The Kolmogorov-Smirnov test 
assessed data normality. Categorical variables were 
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compared using Fisher’s exact test and chi-square 
tests, and continuous variables were compared using 
the t-test. Univariate logistic regression was conducted 
before multivariate regression analysis. Variables 
with p < 0.25 in univariate analysis and those of 
clinical significance were included in the multivariate 
analysis (Backward LR method). A p-value < 0.05 
was considered statistically significant. Data analysis 
conducted by using  SPSS  Statistics version 27.0.1.0 
(IBM Corp., Armonk, NY, USA). Descriptive statistics 
were presented as means ± standard deviations for 
continuous variables and frequencies (percentages) 
for categorical variables. The Chi-square test was used 
to assess associations between categorical variables. 
Independent t-tests were applied to compare the means 
of continuous variables between two groups. Univariate 
analyses were initially conducted to identify variables 
significantly associated with the outcome of interest. 
A multivariate logistic regression model was used to 
control potential confounders. A P value of less than 
0.05 was considered statistically significant.

Results
Of the 73,349 newborns screened at the Growth 

and Development Research Center (GDRC) during the 
study period, 351 were identified with elevated tyrosine 
levels. After excluding 21 cases with missing data and 
6 cases diagnosed with hereditary tyrosinemia, 324 
cases remained in the study. The control group included 
372 newborns with normal metabolic screening results. 
The incidence of TNT was 0.47% (324 cases out of 
73,349 births). There were no significant differences 
in sex, maternal age, neonatal feeding methods, or 
consanguineous marriages between the TNT and control 
groups. 

Significant differences were found in gestational age 
(37.7 ± 1.4 vs. 38.7 ± 1.0 weeks, p < 0.002), birth weight 
(2.94 ± 0.5 kg vs. 3.35 ± 1.6 kg, p = 0.04), and delivery 
type (cesarean section: 83.9% vs. 51.7%, p < 0.001). 
Moreover, the number of premature infants significantly 
differed between the two groups (26 vs. 14, p = 0.02). 
A history of hospitalization after delivery was reported 
in 12.3% of infants with TNT. Table 1 summarizes the 
demographic characteristics of the study newborns. 

Based on logistic univariate regression analysis, 
a significant correlation was found between cesarean 
section (C/S) and TNT (OR: 4.8; 95% CI: 3.38–6.96; 
p < 0.001). Given the associations found between 
certain study variables and TNT, a multivariate logistic 
regression analysis was conducted. The odds ratios did 
not change significantly after controlling for 
variables, indicating a positive correlation (OR: 3.5; 
95% CI: 2.26–5.3; p < 0.001). Thus, C/S was 
associated with a 3.5-fold increase in the likelihood of 
TNT occurrence. While univariate logistic regression 
did not identify preterm birth as a risk factor, 
multivariate regression analysis indicated a strong, 
significant association between prematurity and TNT 
(OR: 868.2; 95% CI: 168.9–4212.7; p < 0.001). The 
incidence of TNT was significantly influenced by 
smaller gestational age (OR: 0.17; 95% CI: 0.12–
0.24; p < 0.001). However, no significant correlation 
was found between birth weight and TNT 
according to the multivariate analysis (OR: 0.91; 
95% CI: 0.89–0.97; p < 0.001). No significant 
associations were observed with other assessed risk 
factors (p ≥ 0.05). Table 2 presents the details of 
the factors influencing TNT, with column 1 
displaying univariate analysis results and column 2 
presenting odds ratios adjusted for the study variables 
identified as significant correlates of TNT in this 
study. 

Table1: Demographic and characteristic of the study participants 

*Reported by mean (SD),  according to Independent t-test, β according to Chi-square test

Variables 
Transient neonatal 
tyrosinemia group 

n= 324 

Control group 

n= 372 
p value 

Sex 
Male (n, %) 
Female (n, %) 

154 (47.5) 
170 (52.5)

179 (48.1) 
193(51.9) 

>0.05β

Birth Weight (Kg)*  2.94 ± 0.5 3.26 ± 0.6 0.04
Maternal age (years)* 29.5(6.4) 29.3(5.8) >0.05
Consanguineous marriages 
Yes (n, %) 
No (n, %) 

106(32.7) 
218(67.3)

97(26.1) 
275(73.9) 

>0.05β

Gestational age (weeks)* 37.7 ± 1.4 38.7 ± 1.0 <0.002
Term (n, %) 
Preterm (n, %) 

 298(92.0) 
 26(8.0)

  354(95.2) 
  14(4.8) 0.031 β

Delivery type  
Vaginal (n, %) 
Cesarean (n, %) 

52 (16.1) 
272 (83.9) 

 180 (48.3) 
192 (51.7) 

< 0.001β 

Neonatal feeding 
Breast feeding (n, %) 
Commercial formula (n, %) 

222 (68.5) 
102 (31.5) 

260 (69.8) 
112 (30.2) 

>0.05β

Hospitalization (n, %) 40 (12.3) 11 (3.0) >0.002β

Table 1. Demographic and characteristic of the study participants
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Discussion
This study is the first to investigate the incidence of 

TNT among Iranian newborns, with a reported incidence 
rate of 0.47%. The findings underscore the significance 
of several risk factors contributing to the occurrence of 
TNT in this population. Consistent with previous studies, 
prematurity was identified as the most significant risk 
factor for TNT. The incidence of TNT in preterm infants 
in this study aligns with previous research, in which the 
prevalence of TNT among preterm newborns ranged 
from 0.2% to 30% (16,17). A study conducted in 2006 
examined metabolic newborn screening outcomes 
in North Carolina and identified prematurity as the 
strongest risk factor for TNT (1). Moreover, in a study 
by Zea-Rey et al. conducted in the Mexican population, 
an overall incidence of 0.29% was observed, with 0.35% 
in preterm infants, similar to the results obtained in the 
present study. These findings reinforce the notion that 
prematurity is a key factor influencing the incidence of 
TNT (2).

Our observations showed that newborns with TNT 
had a shorter gestational age compared to the control 
group (37.7 vs. 38.7 weeks). Consistent with previous 
studies, low birth weight and small gestational age are 
recognized risk factors for TNT. However, we found a 
similar association in term neonates. Although the birth 
weight of neonates with TNT was, on average, 0.32 
kg lower than that of neonates in the control group, 
this difference was not statistically significant. Based 
on these findings, we hypothesize that term neonates 
with a lower gestational age, similar to preterm infants, 
may experience delayed maturation of the enzyme 
4-hydroxyphenylpyruvate dioxygenase, which could 
contribute to the incidence of TNT (18, 19).

Another significant finding of this study was the 
markedly higher rate of C/S births among newborns 
diagnosed with TNT. The incidence of TNT was 5.2 times 
higher in neonates born via C/S compared to those born 
vaginally. Despite ongoing efforts to reduce unnecessary 
C/S, its prevalence remains high in Iran. A recent survey 
in 2022 reported a C/S rate of 51.6% in Iran, exceeding 
global averages and WHO recommendations (20). In 

our study, approximately 84% of the neonates 
were delivered via C/S. 

The high incidence of TNT raises concerns due 
to the need for repeat testing, which increases 
healthcare and laboratory costs and may cause 
psychological distress for families. Although previous 
studies suggest that transient elevations in serum 
tyrosine levels are unlikely to have long-term 
consequences (14, 21), a major limitation of current 
neonatal screening programs is the reliance on 
tyrosine measurement, which lacks specificity in 
distinguishing TNT from hereditary tyrosinemia 
type I. Given that HT1 is a severe metabolic disorder 
requiring early intervention, incorporating 
succinyl acetone measurement into newborn screening 
protocols would improve diagnostic accuracy and 
prevent delayed treatment (6). Considering the critical 
role of metabolic pathways in neurological 
development, preventive strategies to reduce TNT 
incidence should be considered.

This study provides novel insights into the incidence 
and risk factors of TNT in Iranian newborns, 
utilizing data from a leading newborn screening 
center in Tehran over a four-year period. However, 
as a single-center retrospective study, its findings may 
not be fully generalizable to broader populations. 
Additionally, reliance on existing medical records 
introduces potential biases that should be 
acknowledged.
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Table 2: Association between transit tyrosinemia incidence and study variables 
 

Variables Univariable model Multivariable model* 
Odds Ratio 95% CI P value Odds Ratio 95% CI P value 

Preterm 0.53 0.28-1.02 0.059 868.2 168.9-4212.7 <0.00
Gestational age 0.39 0.31-0.48 <0.00 0.17 0.12-0.24 <0.00
Delivery type 4.8 3.38-6.96 <0.00 3.5 2.26-5.3 <0.00
Birth Weight 0.90 0.91-0.99 <0.00 0.99 0.99-1.00 0.546
Sex 1.03 0.76-1.41 0.818 1.06 0.69-1.64 0.756
Maternal age 1 (0.98-1.03) 0.714 0.98 0.95-1.02 0.426
Neonatal feeding 0.23 0.12-0.19 0.991 0.59 0.41-1.09 0.873
Consanguineous marriages 1.2 0.86-1.65 0.302 1.51 0.92-2.56 0.07

CI = confidence interval 
*Odds ratio adjusted for the study variables identified as significant correlates of TNT in this study.

Table 2. Association between transit tyrosinemia incidence and study variables
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