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Abstract Low birth weight (LBW) and short birth
length (SBL) remain significant health challenges in
developing countries, including Indonesia. Maternal
micronutrient status, particularly iron and vitamin A, plays
a crucial role in fetal growth. This study examined the
association between maternal soluble transferrin receptor
(sTfR) and retinol-binding protein (RBP) levels with infant
birth weight and length. A prospective cohort study was
conducted in a slum area of Makassar City, involving 170
pregnant women in their second trimester. Data were
collected through interviews, anthropometric
measurements, and blood sampling, with biomarker
analysis conducted using the ELISA method. The mean
birth weight and length were 2.98 kg and 47.87 cm, with
LBW and SBL prevalence rates of 13.5% and 21.2%,
respectively. Linear regression analysis showed no
significant association between sTfR and either outcome
(p>0.05). In contrast, higher RBP levels were significantly
associated with increased birth weight (p = 0.019) and
length (p = 0.021). Logistic regression further indicated
that higher RBP levels were linked to reduced odds of
LBW (adjusted OR = 0.39; 95% CI: 0.17-0.88) and SBL
(adjusted OR = 0.45; 95% CI: 0.21-0.95). sTfR remained

non-significant in all models. However, ROC analysis
showed low predictive value for both biomarkers (sTfR
AUC < 0.4; RBP AUC < 0.6). These findings suggest
maternal RBP as a potential biomarker for vitamin A status
and fetal growth, while sTfR has limited utility.
Comprehensive biomarker assessments may improve early
detection of fetal growth disorders in high-risk populations.
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1. Introduction

Adverse birth outcomes such as low birth weight (LBW)
and short stature at birth (stunting from birth) remain
significant global and national health issues. Data from
UNICEF and WHO indicate that in 2020, approximately
14.7% or nearly 20 million newborns worldwide were born
with LBW (<2500 g), with South Asia and Sub-Saharan
Africa accounting for nearly three-quarters of all cases [1].
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In Indonesia, the prevalence of LBW is 11.7%, even higher
in rural areas (12.9%) compared to urban areas (10.8%) [2].
In addition to birth weight, the proportion of infants with
birth length <48 cm was also high 22.7% in 2018, up from
20.2% in 2013 [2]. This condition is of critical importance
as LBW and short birth length (SBL) are associated with
increased risks of neonatal mortality, developmental delays,
and metabolic disorders later in life [3,4].

Maternal nutrition, particularly micronutrient status such
as iron and vitamin A, plays an important role in supporting
optimal fetal growth [5]. Maternal iron deficiency reduces
oxygen supply to the placenta and contributes to LBW and
preterm birth [6]. Biomarkers such as soluble transferrin
receptor (STfR) are used as sensitive indicators to assess
iron deficiency at the tissue level [7]. However, sTfR is less
commonly used than ferritin or hemoglobin in clinical
settings, and its utility in pregnancy requires further
investigation, particularly due to potential variability
influenced by inflammation, erythropoietic activity, and
gestational age [7]. On the other hand, vitamin A is
important for cell proliferation and differentiation during
pregnancy, and maternal retinol binding protein (RBP)
levels are used to evaluate vitamin A status. Research by
Mezzano et al. [8] found that higher maternal RBP levels
were positively correlated with birth length. Additionally,
the study by Lauer et al. [9] noted that increased sTfR
levels in pregnant women were associated with the
occurrence of preterm birth.

In Indonesia, the Ministry of Health has implemented
routine iron and vitamin A supplementation programs for
pregnhant women through antenatal care (ANC) services, in
accordance with WHO guidelines [2]. However, in slum
areas such as those in Makassar, coverage and adherence to
these programs remain limited due to access barriers, low
awareness, and inadequate health-seeking behavior [10,11].
Slums are often characterized by poor food security, poor
environmental sanitation, and limited access to health
services. A previous study in Makassar found that around
78% of pregnant women in slums suffered from anemia and
micronutrient deficiencies, especially iron [10]. Household
consumption patterns in poor areas tend to have low dietary
diversity and are dominated by high-calorie foods that are
poor in micronutrients [11]. Additionally, the limited
consumption of fruits and vegetables, which are sources of
vitamin A, increases the risk of vitamin A deficiency. The
combination of these factors results in a double burden of
micronutrient deficiencies that directly impact fetal
development.

Studies on the relationship between maternal sTfR and
RBP biomarkers and birth weight and length in pregnant
women are still very limited, especially in urban poor
populations. Most studies have focused on only one type of
biomarker. However, a recent cohort study by Mezzano et
al. [8] indicates that the combination of micronutrient
deficiencies has a cumulative effect on pregnancy
outcomes. Therefore, this study aims to analyze the
influence of sTfR and RBP on birth length and birth weight
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in a vulnerable population in the slums of Makassar City,
Indonesia.

2. Materials and Methods

2.1. Study Design and Setting

This study is a sub-analysis of a prospective cohort study
conducted in Tallo District, Makassar, South Sulawesi
Province, Indonesia. The selection of the study site was
based on environmental characteristics that represent a
densely populated urban slum area with significant
sanitation and public health challenges.

2.2. Participants and Intervention

A total of 170 pregnant women in their second trimester
were enrolled from community health centers and through
household visits in Tallo District, Makassar, an urban slum
area with high maternal and child health vulnerability.
Eligible participants were aged 16-45 years, had singleton
pregnancies, were permanent residents with no plans to
relocate, and provided informed consent. Exclusion criteria
included severe malnutrition (BMI < 16.0), severe anemia
(Hb < 7 g/dL), infectious diseases (screened by health
centers), or voluntary withdrawal/loss to follow-up. Each
participant underwent four prenatal and one postnatal
follow-up visits. Data collection involved structured
interviews covering demographics, socioeconomic and
obstetric history, as well as non-fasting blood sampling for
biomarker analysis.

Blood samples were processed to obtain plasma and
stored at -80<C. Nutritional biomarkers sTfR and RBP
were analyzed using ELISA to explore their associations
with neonatal anthropometric outcomes. All samples were
analyzed at the end of the study to maintain consistency in
laboratory procedures and reduce assay variability. While
no supplementation intervention was implemented in this
sub-study, participants with clinical signs of micronutrient
deficiency were referred to local health facilities for
appropriate treatment, in accordance with national health
guidelines. These procedures were reviewed and approved
by the institutional ethics committee and were clearly
communicated during the informed consent process.

2.3. Data Collection

Data collection involved three main procedures. First,
trained  field assistants administered  structured
questionnaires during household visits to gather

information on participants' demographic, socioeconomic,
and obstetric characteristics. Second, non-fasting blood
samples were collected by trained phlebotomists using
0.9mm needles and 3 cc vacutainer tubes. The collected
samples were processed by centrifugation at 3,500 xg for
30 minutes at 4<C to separate the serum, which was then
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stored at -80<C in polypropylene tubes. Third, biomarker
analysis was conducted using ELISA assays to measure
levels of sTfR and RBP. Food intake was assessed through
a Food Frequency Questionnaire (FFQ) to evaluate dietary
habits. All laboratory analyses were carried out at the
Microbiology Laboratory Unit of Hasanuddin University
Hospital using a Thermo Scientific Multiskan FC
microplate reader and Skanlt Software version 3.1.

2.4. Statistical Analysis

All statistical analyses were performed using Stata
version 14.0. Descriptive statistics summarized maternal
and neonatal characteristics, with categorical variables
shown as frequencies and percentages, and continuous
variables as means and standard deviations. Chi-square
tests assessed the association between categorized
biomarker levels (STfR and RBP) and birth outcomes (birth
weight and length). Simple and multiple linear regressions
were used to examine the relationship between continuous
biomarker levels and birth anthropometric outcomes,
adjusting for potential confounders such as maternal age,
education, gestational age, MUAC, infant sex, and food
intake. Receiver Operating Characteristic (ROC) curve
analysis was conducted to determine the predictive ability
of sTfR and RBP for adverse birth outcomes, with cut-off
values identified using the Youden Index. A p-value < 0.05
was considered statistically significant, and 95%
confidence intervals were reported.

2.5. Ethical Approval

Ethical approval has been obtained from the Research
Ethics Committee of the Faculty of Public Health,
Hasanuddin University (Protocol Registration Number
271021093023, Letter Number
10424/UN4.14.1/TP.01.02/2021). The consent form
provides detailed information about all research procedures,
including potential risks, in a clear and easily
understandable manner.

3. Results

3.1. Participants Characteristics

Table 1 presents the demographic, socioeconomic, and
obstetric characteristics of the study participants. The mean
maternal age was 27.11 + 6.40 years, with nearly half
(49.41%) aged 25-35. Most had secondary (28.82%) or
tertiary (40.59%) education and were unemployed or
housewives (85.29%). Over half of the households
(58.24%) earned below the regional minimum wage.
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Table 1. Descriptive characteristics of 170 pregnant women

Characteristics

Mean =SD or n (%)

Mother age 27.11 +6.40
<18y 5(2.94)
18-24y 62 (36.47)
25-35y 84 (49.41)
>35y 19 (11.18)

Maternal education
No schooling 1(0.59)
Primary school 34 (20.00)
Secondary 49 (28.82)
Tertiary /higher education 69 (40.59)
Other 17 (10.00)

Maternal Occupation
Unemployed 145 (85.29)
Employed 25 (14.71)

Household income (IDR)

Low income (<3.294.467) 99 (58.24)
High income (>3.294.467) 71 (41.76)
Gestational age (week) 38.68 +2.04
Prior pregnancy interval (n=122) 44.30 £39.63
Too short 38 (31.15)
Ideal 9(7.38)

Too long 75 (61.48)

Antenatal care
Yes 161 (94,71)
No 9(5.29)

Weight, kg 57.49 +12.86

Height, cm 151.71 +8.76

BMI, kg/m 27.07 £33.70

MUAC, cm 26.26 +3.15

Obstetric & pregnancy characteristics
Gravidity 248 +1.36
Parity 1.27 +1.19
Abortus 0.21 +0.46

Contraception history
Hormonal 78 (91.76)
Non hormonal 7 (8.24)

Food intake
Adequate 91 (53.53)
Inadequate 7 (8.24)

STfR (mg/L) 0.44 £0.10

RBP (ng/ml) 0.61 +0.46
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Regarding reproductive history, 71.76%  were
multigravida, with mean gravidity and parity of 2.48 +1.36
and 1.27 +1.19, respectively. Among multiparous women,
the mean interpregnancy interval was 44.30 =+ 39.63
months; 31.15% had short and 61.48% long intervals.
Hormonal contraception was the most common method
used (91.76%). ANC coverage was high (94.71%).

Nutritional indicators showed mean weight, height, and
MUAC of 57.49 £12.86 kg, 151.71 +8.76 cm, and 26.26
+3.15 cm. The mean BMI was 27.07 £33.70 kg/m=though
the large SD suggests outliers. Food intake was nearly
evenly split between adequate (53.53%) and inadequate
(46.47%). Mean sTfR and RBP levels were 0.44 +0.10
mg/L and 0.61 £0.46 ng/mL, indicating potential iron and
vitamin A deficiencies.

Table 2 presents the neonatal characteristics of the study
participants, offering an overview of their initial health and
growth status. The average birth weight was 2.98 +4.21 kg,
with 13.53% classified as low birth weight. Mean birth
length was 47.87 +£2.00 cm, and 21.76% of newborns had
a short length (<48 cm). The average head circumference
was 31.88 £2.11 cm, falling within the normal neonatal
range. Slightly more than half of the infants were male
(58.24%). Most births (90.00%) occurred at full term (>37
weeks), with 10.00% classified as preterm.

Table 2. Infants’ characteristics

Characteristics Mean £SD or n (%)

Birth weight (kg) 298 £4.21
Normal birth weight 147 (86.47)
Low birth weight 23 (13.53)

Birth length (cm) 47.87 =2.00
Normal length 133 (78.24)
Short length 37 (22.26)

Head circumference (cm) 31.88 +2.11

Sex
Male 99 (58.24)
Female 71 (41.76)

Term birth
Pre-term 17 (10.00)
Full term 153 (90.00)

3.2. Distribution of sTfR and RBP on Pregnancy
Outcomes

Figure 1 presents the relationships between maternal
biomarkers, including sTfR and RBP, and neonatal
anthropometric outcomes, specifically birth weight and
birth length. Panels (a) and (b) show the associations
between sTfR and birth outcomes, while panels (c) and (d)
display the associations between RBP and the same
outcomes. In panel (a), sTfR levels ranging from
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approximately 0.3 to 1.0 mg/L show a slight positive
association with birth weight, with fitted values increasing
modestly from around 2950 g to 3100 g. However, the wide
95% confidence interval (CI) suggests considerable
variability, indicating that the association is not statistically
robust. Panel (b) shows a negligible relationship between
STfR and birth length, as the fitted line remains relatively
flat across the sTfR range. Most birth lengths are clustered
between 47 and 50 cm, with a few outliers below 45 cm.

In contrast, panel (c) reveals a weak inverse association
between RBP levels (approximately 0.3 to 3.8 pmol/L) and
birth weight, with predicted values declining from about
3050 gr to 2900 gr as RBP increases. Nevertheless, the
broad CI reflects uncertainty in the estimate. Similarly,
panel (d) demonstrates a modest negative trend between
RBP and birth length, where fitted values decrease from
approximately 48.5 cm to 46 cm. Despite a few low outliers,
most data points remain concentrated in the 47 to 50 cm
range. Taken together, these findings suggest that maternal
SsTfR and RBP levels are only weakly associated with
neonatal size at birth, with no strong or consistent patterns
observed.

3.3. Distribution of sTfR and RBP on Pregnancy
Outcomes Based on Depletion Category

Figure 2 presents the distribution of neonatal birth length
and birth weight in relation to maternal iron status (panels
aand b) and vitamin A status (panels ¢ and d). In panel (a),
birth length is relatively consistent across the three iron
status categories: iron sufficiency, subclinical iron
imbalance, and functional iron deficiency. Median values
range from approximately 47 to 49 cm. The group with
functional iron deficiency shows a slightly wider range,
with two outliers below 40 cm. Panel (b) illustrates that
birth weight is also similar across the iron status groups,
with median values around 3000 g. Although there are
slight variations in the interquartile ranges, no meaningful
differences are observed.

Panels (c) and (d) show the distribution of birth length
and birth weight according to maternal vitamin A status,
categorized as adequate status, mild risk of deficiency, and
vitamin A deficiency. In panel (c), birth length appears
slightly lower among mothers with vitamin A deficiency or
mild risk compared to those with adequate status. Median
values remain within a close range of approximately 46 to
50 cm, with one outlier below 40 cm in the deficiency
group. Panel (d) reveals a trend of decreasing birth weight
with worsening vitamin A status. The highest median birth
weight is observed in the adequate group, while the lowest
is seen in the vitamin A deficiency group. Despite this trend,
the considerable overlap in the interquartile ranges
indicates that the differences may not be statistically
significant.
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3.4. Frequency Distribution of Adverse Biomarkers
Based on Birth Weight and Birth Length Category

Table 3 presents the distribution of two biomarkers,
sTfR and RBP, based on birth weight and birth length
categories. In general, higher levels of sTfR and RBP are
observed in infants with normal birth weight and normal
birth length, compared to those with LBW and SBL. For
STfR, infants with normal birth weight dominate the
highest quartile (>0.428 ng/mL), with 93.02% having
higher levels, while only 6.98% of infants with LBW fall
into this category. Similarly, for RBP, infants with normal
birth weight show higher levels (>0.483 ng/mL), with
83.72% having higher concentrations, compared to just
16.28% of LBW infants.

Overall, the data suggest that infants born with better
weight and length outcomes tend to have higher levels of
both biomarkers, potentially indicating better nutritional
status or health at birth. In contrast, infants with lower birth
weight and shorter length tend to show lower biomarker
levels, which may reflect suboptimal health or nutritional
status at birth.

3.5. Summary of ROC Curves for Cut-off
Determination of sTfR (mg/dL) and RBP (mg/dL)
Levels as Predictors of Adverse Birth Outcomes

The ROC analysis of maternal sTfR levels (pg/mL) in
relation to birth outcomes, as shown in Table 4,
demonstrates a weak predictive capacity. The area under
the curve (AUC) values ranged narrowly from 0.374 to
0.380, indicating limited discrimination ability. For birth
weight, a cut-off point of 0.455 pg/mL yielded a low
sensitivity of 26.1% and a moderate specificity of 61.9%.
Birth length showed slightly better sensitivity at 35.1%
with a cut-off of 0.441 g/mL, though specificity remained
modest at 53.4%. These findings suggest that while sTfR
may hold some potential as a biomarker, its low sensitivity

Table 3.
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and moderate specificity significantly limit its diagnostic
value for detecting adverse birth outcomes.

In comparison, the ROC analysis for maternal RBP
levels (ng/mL) shows a somewhat stronger, though still
modest, ability to predict birth outcomes, presented in
Table 5. AUC values ranged from 0.624 to 0.633,
suggesting fair discriminatory power. At a cut-off of 0.714
ng/mL, RBP demonstrated excellent specificity for birth
weight (97.3%) but extremely low sensitivity (4.3%),
indicating it performs well in confirming normal birth
weight but poorly in identifying cases with low birth weight.
A similar pattern was observed for birth length, where the
sensitivity was 8.1% at a cut-off of 0.508 ng/mL, with
specificity at 84.2%. Although RBP levels are more
reliable in ruling out adverse outcomes, their limited
sensitivity reduces their clinical utility for early detection.

3.6. Association between Biomarkers sTfR and RBP
with Pregnancy Outcomes

The findings from both linear and logistic regression
analyses indicate differing associations between maternal
biomarkers and birth outcomes. Maternal sTfR levels were
not significantly associated with birth weight or birth
length in either unadjusted or adjusted linear regression
models (p > 0.05) and showed no significant association
with the risk of LBW or SBL in logistic regression
(adjusted OR for LBW = 1.08, 95% CI: 0.71-1.65; p =
0.710 and for SBL =0.93, 95% CI: 0.64-1.35; p = 0.694),
suggesting STfR is not a strong predictor of fetal
anthropometric outcomes. In contrast, maternal RBP levels
demonstrated a consistent and significant positive
association with both birth weight and length in linear
regression models (adjusted p = 0.019 and p = 0.021,
respectively) and were significantly associated with
reduced odds of LBW (adjusted OR = 0.39, 95% CI: 0.17—
0.88; p = 0.024) and SBL (adjusted OR = 0.45, 95% CI:
0.21-0.95; p = 0.032) in logistic regression (Table 6).

The Frequency Distribution of Adverse Biomarkers based on Birth Weight and Birth Length Levels Category

Biomarker Quartiles Total (n=170)

Birth Weight Category

Birth Length Category

Normal BW Low BW Normal BL Short BL

sTfR levels (ng/mL)

<0.384 24.12 80.49 19.51 65.85 34.15

0.384-0.428 25.29 79.07 20.93 76.74 23.26

>0.428 50.59 93.02 6.98 84.88 15.12
RBP levels (ng/mL)

<0.309 24,71 92.86 7.14 88.10 11.09

0.309 - 0.483 24.71 85.71 14.29 80.95 19.05

>0.483 50.59 83.72 16.28 72.09 27.91
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Table 4. Cut-off for sTfR Levels (mg/mL) and Birth Outcomes
Variable AUC Optimal cut-off (pg/mL) Sensitivity (%) Specificity (%)
Birth Weight 0.374 0.455 26.1% 61.9%
Birth Length 0.380 0.441 35.1% 53.4%
Table 5. Cut-off for RBP Levels (mg/mL) and Birth Outcomes
Variable AUC Optimal cut-off (pg/mL) Sensitivity (%) Specificity (%)
Birth Weight 0.624 0.714 4.3% 97.3%
Birth Length 0.633 0.508 8.1% 84.2%

Table 6. Biomarkers of sT{fR and RBP as Predictors of Infant Birth Weight and Birth Length in Adjusted and Unadjusted Linear Regression Models

Biomarkers Birth Weight

Birth Length

Unadjusted

Adjusted

Unadjusted Adjusted

STTR levels (ng/mL) 1.10 (0.75, 1.62)

1.08 (0.71, 1.65)

0.95 (0.67, 1.35) 0.93 (0.64, 1.35)

p=0.612 p=0.710 p=0.774 p=0.694
RBP levels (ng/mL) 0.42 (0.20, 0,86) 0.39 (0.17, 0.88) 0.49 (0.25, 0.96) 0.45 (0.216, 0.95)
p=0.018* p=0.024% p=0.037* p=0.032%

Note: *p < 0.05. Odds Ratios (ORs) with 95% Cl, and p-value are reported. The adjusted model controlled for Gestational age (month), MUAC

(cm), Maternal Education, Infant sex, and Food intake.

4. Discussion

In this study, we evaluated the relationship between two
maternal biomarkers sTfR and RBP and birth weight and
length among pregnant women in Makassar. Our findings
indicated that RBP had a significant association with birth
weight and length, while sTfR did not show a statistically
significant relationship. These results provide important
insights into the role of maternal micronutrient status,
particularly vitamin A, in influencing birth outcomes, as
well as the limitations of using single biomarkers such as
sTfR in predicting pregnancy outcomes.

Most study participants had sTfR and RBP levels within
the reference range, but there was a considerable variation.
Logistic regression analysis showed that increased RBP
levels were significantly associated with a reduced risk of
LBW and SBL, both in unadjusted and adjusted models for
confounding variables. These findings support previous
research indicating that vitamin A deficiency in pregnant
women can impair fetal growth and increase the risk of
small for gestational age (SGA) and low birth weight
[12,13]. Vitamin A plays a crucial role in cell
differentiation, embryonic growth, and fetal immune
function. Therefore, good maternal vitamin A status, as
represented by RBP levels, contributes to optimal
intrauterine growth.

The results of the ROC curve analysis indicate that RBP
has moderate discriminatory ability in predicting LBW
(AUC = 0.624) and PLP (AUC = 0.633). Although these
AUC values do not indicate high accuracy, they still
provide clinically meaningful predictive values, especially
in the context of screening high-risk populations. Previous
studies have also shown that RBP can be used as an
alternative biomarker for vitamin A, particularly in

resource-limited settings [14]. In contrast, STfR did not
show a significant association with birth weight or length,
and its predictive performance in ROC analysis was
relatively low (AUC for LBW: 0.538; PLP: 0.531). These
findings are inconsistent with some previous studies
reporting that high sTR levels, as an indicator of functional
iron deficiency, are associated with an increased risk of
fetal growth restriction [15,16]. These differences may be
explained by several factors, including the influence of
subclinical inflammation, which was not measured in this
study. sTfR levels can be influenced by inflammatory
status and erythropoietic demand, and do not always
accurately reflect iron stores without considering
inflammatory markers such as CRP or IL-6 [17].

Additionally, the sensitivity and specificity of sTfR in
predicting LBW and PL are relatively low, indicating the
limitations of this biomarker when used alone as a
screening tool. This is consistent with studies in Ethiopia
and Nepal, which showed that the use of sTfR without
considering the broader clinical context resulted in weak
predictions of pregnancy outcomes [18,19]. The
socioeconomic status of participants also needs to be
considered. Although most mothers had normal
macronutrient status (as indicated by mean BMI and
middle-upper arm circumference/MUAC), approximately
13.5% of infants were born with LBW and 21.2% with PLP.
This discrepancy indicates that macronutrient status is not
the sole predictor of good pregnancy outcomes. As reported
by Black et al. [4], maternal micronutrient deficiencies can
occur alongside adequate macronutrient intake and still
have adverse effects on the fetus, including reduced birth
weight and length.

Other factors such as parity, maternal age, and history of
hormonal contraceptive use, although not directly analyzed
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in the regression model, may also influence maternal iron
and vitamin A status. A study by DaVanzo et al. [20]
indicates that short inter-pregnancy intervals or long-term
contraceptive use without proper nutritional monitoring
can affect maternal nutrient reserves and, ultimately, fetal
growth outcomes. The strength of this study lies in its
prospective design, focus on relevant maternal nutritional
biomarkers, and objective measurement of pregnancy
outcomes. Furthermore, this research was conducted on an
underrepresented population, namely pregnant women in
informal urban areas, who often face challenges in
accessing healthcare and nutritious food. The study's
findings emphasize the need for more targeted nutritional
interventions and a more comprehensive biomarker
screening approach in high-risk population groups.

The potential bias in the assessment of iron status arises
because sTfR levels can be influenced by unmeasured
inflammation, which was not accounted for in this study.
Additionally, other factors that could potentially influence
iron and vitamin A status, such as parasitic infestation,
antepartum hemorrhage, or other obstetric complications,
were not collected or analyzed. Another limitation is the
lack of information regarding treatment for iron deficiency
anemia, despite most participants attending healthcare
visits. Furthermore, the relatively small sample size may
limit the statistical power to detect more subtle associations
and affect the generalizability of the findings, especially
given that the educational level of participants may not
represent the broader population. It is possible that this
study would be better framed as a pilot study to provide
preliminary evidence for larger future research. The
relatively low number of adverse pregnancy outcomes and
likely high supplementation coverage also may have
contributed to normal biomarker values in most
participants, limiting the detection of stronger associations.
Therefore, further studies with larger sample sizes,
inclusion  of  inflammatory  markers,  detailed
supplementation history, and longitudinal monitoring of
biomarkers during pregnancy would be highly beneficial in
clarifying these relationships and informing more effective
maternal health policies [21,22]. Overall, these findings
reinforce the importance of monitoring and improving
vitamin A status in pregnant women as a strategy to prevent
adverse birth outcomes, while highlighting the limitations
of sTfR as a single biomarker. Holistic intervention
approaches that consider overall micronutrient status and
maternal socioeconomic conditions are crucial for
improving the well-being of mothers and infants in
informal urban areas.

5. Conclusions

This study shows that maternal RBP levels in the second
trimester of pregnancy are significantly associated with
increased birth weight and length, indicating that RBP may
be a potential biomarker of maternal vitamin A status and
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fetal growth. In contrast, sTfR levels did not show a
significant association with newborn anthropometry and
had limited predictive performance. These findings
underscore the importance of maternal micronutrient status,
particularly vitamin A, in influencing birth outcomes.
Although RBP has potential as a risk indicator for fetal
growth disorders, the low sensitivity of both biomarkers
suggests the need for a more comprehensive approach
through the combination of stronger biomarkers. Further
research is recommended to explore longitudinal
assessments and incorporate additional nutritional and
inflammatory markers to improve early detection and
prevention strategies for suboptimal fetal growth,
particularly in vulnerable populations such as those living
in slum areas.
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