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ABSTRACT

Background: Nutritional deficiencies are common in pregnant women in developing countries and contribute to poor
pregnancy outcomes. This longitudinal study assessed trimester-specific trends in nutritional and iron-related
biomarkers in Calabar, Nigeria.

Methods: Seventy-two pregnant women (18-41 years) were enrolled in the first trimester and followed to the third
trimester at the University of Calabar Teaching Hospital. Fifty age- and parity-matched non-pregnant women served as
controls. Blood samples were collected at 10, 24 and 36 weeks of gestation. Total protein, aloumin, iron, unsaturated
iron-binding capacity (UIBC), ferritin, folate, vitamin B12 and soluble transferrin receptors (sTfR) were analysed; total
iron-binding capacity (TIBC) and transferrin saturation (TS) were calculated.

Results: Albumin, folate and vitamin B12 were significantly lower in pregnant women by the second trimester
compared to non-pregnant controls. Within the pregnant cohort, albumin (39.6+7.7 to 24.3+£2.7 g/L, p=0.001), ferritin
(65.7454.8 to 30.3+20.4 ng/mL, p=0.01) and total protein (74.4+12.4 to 60.5+4.1 g/L, p=0.01) declined progressively.
Folate dipped in the second trimester (14.8+8.2 ng/mL) before rising in the third. Serum iron and TS% increased
significantly in the third trimester. Over 90% of participants had abnormal total protein or albumin levels by the third
trimester.

Conclusions: Key nutritional biomarkers decline significantly in the second and third trimesters, supporting enhanced
targeted nutritional monitoring and interventions in later pregnancy.
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INTRODUCTION

Pregnancy induces profound physiological changes,
including a significant expansion of plasma volume and
increased demands for macro- and micronutrients to
support fetal development. Among these, maintaining
optimal iron status is paramount. Iron deficiency anemia

(IDA) remains a major public health challenge, affecting a
substantial proportion of pregnant women globally and
contributing to adverse outcomes such as preterm birth,
low birth weight, and increased maternal morbidity,
particularly in low- and middle-income countries
(LMICs).1?2 A systematic review by Haider et al
demonstrated that daily iron supplementation in
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pregnancy, leading to improved hemoglobin levels, is
associated with higher birth weights.®

Beyond iron, deficiencies in other essential micronutrients
like folate, vitamin B12, and vitamin D are also prevalent
and can result in a spectrum of adverse outcomes for both
mother and child, including anemia, preeclampsia, and
neural tube defects.*® In sub-Saharan Africa, pregnant
women face a heightened risk of these deficiencies due to
a combination of factors, including poor dietary diversity
and the increased metabolic demands of pregnancy.®

Ferritin, the primary iron-storage protein, is a key indicator
of body iron stores.” However, iron metabolism during
pregnancy is complex and influenced by dietary intake,
absorption, and utilization.® While many studies have
documented the general physiological declines in
nutritional markers during pregnancy, few have
comprehensively analyzed the trimester-specific trends
and interrelationships between multiple parameters like
ferritin, folate, vitamin B12, and protein status within the
same cohort in the Nigerian context.>!* This study
therefore aimed to: (1) assess trimester-specific changes in
a panel of nutritional markers (iron studies, folate, vitamin
B12, proteins) in pregnant women in Calabar, Nigeria,
compared to non-pregnant controls; and (2) explore the
correlations between these markers to understand their
dynamic interplay during gestation.

METHODS
Study area and population

This longitudinal study was conducted at the Antenatal
Care Clinic (ANC) of the University of Calabar Teaching
Hospital (UCTH), Calabar, Cross River State, Nigeria,
between March, 2018 and March, 2019. UCTH is a major
tertiary referral centre serving a diverse population. The
study population consisted of pregnant women receiving
ANC and a control group of non-pregnant women.

Study design and subject selection

A longitudinal design was employed to track nutritional
parameters in pregnant women from the first to the third
trimester. Participants were enrolled using a consecutive
(non-probability) sampling method. This approach was
chosen as it is practical for longitudinal studies with strict
inclusion/exclusion criteria, allowing for the enrollment of
all eligible women within the study period to observe intra-
individual trends over time, rather than aiming for
population-level generalizability.

Inclusion criteria

Inclusion criteria include (i) Confirmed pregnancy in the
first trimester (=10 weeks gestation), (ii) Age 18-41 years,
(iii) Receiving ANC at UCTH, (iv) Willing to provide
informed consent and be followed throughout pregnancy.

Exclusion criteria

Exclusion criteria include (i) Chronic medical conditions
(hypertension, diabetes mellitus, chronic renal disease,
sickle cell anemia, HIV infection), (ii) Multiple gestations,
(iii) Therapeutic diets other than routine iron and folic acid
supplementation.

The control group comprised 50 age- and parity-matched
non-pregnant women, recruited from hospital staff and the
community, who were not on any nutritional supplements
and had no known chronic illnesses.

Sample size determination

The minimum sample size was calculated using the
Cochran formula for longitudinal studies. Assuming a 20%
attrition rate, a final sample of 80 pregnant women was
targeted for enrollment in the first trimester.

Data and sample collection

At enrollment (10 weeks gestation, representing the 1st
trimester), a structured questionnaire was administered to
collect demographic data including age, education level,
parity, household size, and monthly income.
Anthropometric measurements (height and weight) were
taken, and BMI was calculated. A 5 mL venous blood
sample was collected from each participant. Two
milliliters were dispensed into an EDTA tube for full blood
count analysis, and 3 mL were dispensed into a plain tube.
After 30 minutes of clotting, serum was separated by
centrifugation, aliquoted, and stored at -20°C for
subsequent biochemical analysis. This entire process was
repeated for the pregnant participants during their 24-week
(2™ trimester) and 36-week (3" trimester) ANC visits.

Laboratory analysis

Hematologic parameters (hemoglobin, PCV, platelet
count) were measured using a Sysmex KX-21N automated
hematology analyzer. Serum levels of ferritin, folate,
vitamin B12, and soluble transferrin receptors (sTfR) were
determined using commercially available Enzyme-Linked
Immunosorbent Assay (ELISA) kits (Calbiotech, USA).

Competitive ELISA Principle (Folate, Vitamin B12,
STfR): These assays are based on a competitive binding
principle. Biotinylated antibodies specific to the analyte of
interest are mixed with the patient sample, allowing for
antigen-antibody binding. This mixture is then added to
streptavidin-coated microplate wells, immobilizing the
antibody-bound fraction. An enzyme conjugate is added,
which competes with the native antigen for binding sites.
After incubation and washing, a substrate solution is
added, producing a color whose intensity
is inversely proportional to the concentration of the native
antigen in the sample. A standard curve is generated to
determine unknown concentrations.
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Sandwich ELISA Principle (Ferritin): This assay uses a
solid-phase sandwich method. Samples and a biotinylated
anti-ferritin antibody are added to streptavidin-coated
wells. After incubation and washing, an HRP-conjugated
anti-ferritin antibody is added, forming a "sandwich"
(antibody-ferritin-antibody). Following another wash, a
substrate is added, and the color developed
is directly proportional to the ferritin concentration in the
sample.

Serum total protein and albumin were measured using
standard colorimetric methods (Biuret and Bromocresol
Green methods, respectively).’® Serum iron and
Unsaturated Iron-Binding Capacity (UIBC) were
measured using colorimetric kits (Teco Diagnostics,
USA). Total Iron-Binding Capacity (TIBC) was calculated
as: TIBC (ug/dL) = Serum Iron (ug/dL) + UIBC (ug/dL).
Transferrin Saturation (TS) was calculated as: TS (%) =
(Serum Iron / TIBC) x 100.

Statistical analysis

Data were analyzed using SPSS version 26. Descriptive
statistics (mean * SD, frequencies, percentages) were used
to summarize participant characteristics and nutritional
parameters. Differences in means between pregnant
women and non-pregnant controls were assessed using an
independent samples t-test. Differences in means across
the three trimesters were analyzed using repeated
measures ANOVA, followed by post-hoc tests
(Bonferroni) for pairwise comparisons. Pearson's
correlation coefficient was used to explore relationships
between nutritional markers. A p value <0.05 was
considered statistically significant.

Ethical considerations

Ethical approval was obtained from the Health Research
Ethical Committee of the University of Calabar Teaching
Hospital (UCTH/HREC/33/372). All  participants
provided written informed consent before enroliment.

RESULTS
Demographic characteristics

A total of 72 pregnant women completed all three study
visits and were included in the final analysis, alongside 50
age- and parity-matched non-pregnant controls. The
baseline demographic characteristics of the pregnant
participants are presented in Table 1.

The majority of participants (52.78%) were aged 18-29
years, with 47.22% in the 30-41 years age group. Most
women had tertiary education (73.61%), while 26.39% had
secondary education. Regarding parity, 41.67% were
experiencing their first pregnancy, while 58.33% had two
or more children. The majority (61.11%) lived in
households with fewer than four members, while 38.89%
had household sizes greater than four. In terms of monthly

income, 43.05% were unemployed, 29.17% earned
between ¥N10,000-49,999, 9.72% earned between
N50,000-99,999, and 18.05% earned above }100,000.

Table 1: Demographic characteristics of pregnant
study participants.

Variables Frequency Percentage

n=72 %
Age group (years)
18-29 38 52.78
30-41 34 47.22
Education
Secondary 19 26.39
Tertiary 53 73.61
Parity
Once 30 41.67
2 and above 42 58.33
Household size
<4 44 61.11
>4 28 38.89
Average monthly income (Naira)
10,000-49,999 21 29.17
50,000-99,999 7 9.72
>100,000 13 18.05
Unemployed 31 43.05

Table 2 presents the comparison of key nutritional indices
between pregnant women across trimesters and the non-
pregnant control group. Pregnant women in the second and
third trimesters had significantly lower mean levels of
albumin (28.8£10.4 g/l and 24.3£2.7 g/l, respectively)
compared to non-pregnant women (43.5+2.7 g/l, p<0.05).
Folate levels were significantly lower in the second
trimester (14.8+8.2 ng/ml) compared to non-pregnant
controls (20.1+9.5 ng/ml, p<0.05). Vitamin B12 levels
were also significantly reduced in the second trimester
(666.6+258.9 pg/ml) relative to non-pregnant women
(871.9£279.5 pg/ml, p<0.05). Hemoglobin and packed cell
volume (PCV) were significantly lower in all three
trimesters of pregnancy compared to the non-pregnant
state (p<0.05).

Within the pregnant cohort, significant changes were
observed across trimesters for multiple nutritional
parameters (Tables 3 and 4).

As shown in Table 3, total protein and albumin
demonstrated consistent and significant declines from the
first to the third trimester. Total protein decreased from
74.4+12.4 g/l in the first trimester to 60.5+4.1 g/l in the
third trimester (p<0.01). Albumin declined progressively
from 39.6+7.7 g/l in the first trimester to 24.3+2.7 g/l in
the third trimester (p<0.01). Folate levels showed a
significant dip in the second trimester (14.8+8.2 ng/ml)
compared to the first trimester (18.9+10.4 ng/ml, p<0.05),
before increasing again in the third trimester (20.1+7.8
ng/ml, p<0.01 vs. second trimester). Vitamin B12 levels
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were lowest in the second trimester (666.6+258.9 pg/ml),
though this did not reach statistical significance across all
time points. Body mass index (BMI) increased steadily

throughout pregnancy, peaking in the third trimester
(30.5£5.2 kg/mz, p<0.05 vs. first trimester).

Table 2: Comparison of key nutritional indices between pregnant and non-pregnant women.

Parameters MLl

15t Trimester

2" Trimester 3 Trimester

F (p value)

Total Protein (g/l) 75.2+4.8 74.4+12.4 72.3+44.2 60.5+4.1 5.34 (0.01)
Albumin (g/l) 43.5+2.7 39.6+7.7* 28.8+10.4" 24.3£2.7" 100.42 (0.01)
Folate (ng/ml) 20.1%9.5 18.9+10.4 14.8+8.2* 20.1+7.8" 5.11 (0.002)
Vitamin B12 (pg/ml)  871.9+279.5 788.1+317.4  666.6+258.9°  699.4+506.7 3.89 (0.01)
Hemoglobin (g/dl) 12.840.9 11.2+¢1.1° 10.8+1.0° 10.5+1.2° 42.16 (0.001)
PCV (%) 38.2+2.8 33.613.1" 32.1+2.9* 31.5+2.4* 38.74 (0.001)

"Data are presented as Mean+SD. "Significantly different from non-pregnant group (p<0.05); #Significantly different from 2" Trimester
(p<0.01). PCV = Packed Cell Volume

Table 3: Trimester-specific trends in protein, vitamins, and BMI.

| Parameters 1%t Trimester (n=72) 2" Trimester (n=69) 3" Trimester (N=68
Total protein (g/l) 74.4+12.4 72.3+44.2 60.5+4.1™ 0.01
Albumin (g/l) 39.6+7.7 28.8+10.4" 24.3+2. 7 0.01
Folate (ng/ml) 18.9+10.4 14.8+8.2" 20.1+7.8% 0.002
Vitamin B12 (pg/ml) 788.1+317.4 666.6+258.9 699.4+506.7 0.01
BMI (kg/m?) 28.4+4.9 29.5+5.1 30.5+5.2" 0.01

"Data are presented as Mean+SD. *p<0.05 vs. 1% Trimester; "p<0.01 vs. 1t Trimester; #p<0.01 vs. 2" Trimester. BMI = Body Mass

Index

Table 4 presents the trimester-specific trends for iron
parameters. Serum ferritin decreased progressively across
gestation, with significant reductions in both the second
(34.2£41.9 ng/ml, p<0.01) and third (30.3+20.4 ng/ml,
p<0.01) trimesters compared to the first trimester
(65.7£54.8 ng/ml). Serum iron and transferrin saturation
(TS%) followed a similar pattern: both decreased in the
second trimester (70.3x30.0 pg/dl and 13.6+5.6%,
respectively) before increasing significantly in the third

trimester (121.5+20.7 pg/dl and 24.4+3.7%, respectively;
p<0.01 for both compared to first and second trimesters).
Conversely, unsaturated iron binding capacity (UIBC)
increased in the second trimester (446.2+44.1 pg/dl,
p<0.01 vs. first trimester) and fell significantly in the third
trimester (377.8+47.6 pg/dl, p<0.01 vs. second trimester).
Total iron binding capacity (TIBC) and soluble transferrin
receptor (STfR) remained relatively stable across all three
trimesters, with no statistically significant variations.

Table 4: Trimester-specific trends in iron parameters.

15t Trimester

Parameters

2" Trimester

3" Trimester P value

(n=72)

(n=69)

(n=68) (ANOVA)

Ferritin (ng/ml) 65.7+54.8 34.2+41.9™ 30.3+20.4™ 0.01
Serum Iron (ug/dl) 89.9+23.0 70.3+30.0™ 121.5420.7"# 0.01
UIBC (ug/dI) 418.9+38.4 446.2+44.1° 377.8+47.6°# 0.01
TIBC (pg/dI) 507.9+39.3 515.4+42.5 499.3+53.8 0.19
TS (%) 17.4+4.3 13.645.6™ 2444377 0.01
TR (nmol/ml) 23.9+7.6 22.945.5 23.6+6.9 0.42

“Data are presented as Mean+SD. *"p<0.01 vs. 1 Trimester; #p<0.01 vs. 2" Trimester. UIBC = Unsaturated Iron Binding Capacity; TIBC
= Total Iron Binding Capacity; TS = Transferrin Saturation; STfR = Soluble Transferrin Receptor

Age-related differences in nutritional parameters were
minimal. In the second trimester, women aged 30-34 years
had significantly higher serum iron levels (74.84+33.15
pg/dl) compared to those aged 18-29 years (66.61+27.01
pg/dl, p=0.003), while younger women had higher sTfR
levels (456.37+38.22 nmol/ml vs. 433.77+48.15 nmol/ml,
p=0.002). In the third trimester, younger women (18-29
years) demonstrated significantly higher vitamin B12
levels than older women (30-34 years) (p=0.015).

Regarding parity, multiparous women (parity >2) had
significantly higher BMI (29.07£5.69 kg/m2 vs.
27.33+3.45 kg/m2, p=0.047) and folate levels (p=0.037) in
the first trimester compared to primigravidae. In the third
trimester, transferrin saturation was significantly higher
among multiparous women (31.39+6.00%) compared to
women experiencing their first pregnancy (29.47+3.63%,
p=0.045).
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Table 5 shows the proportion of pregnant women with
abnormal values for key nutritional markers across
trimesters, based on standard clinical cutoffs. The
prevalence of anaemia (Hb <11 g/dl) decreased slightly
from 36.1% in the first trimester to 26.5% in the third
trimester. However, the proportion of women with
abnormally low total protein (<66 g/l) increased
dramatically from 15.3% in the first trimester to 91.2% by
the third trimester. Similarly, hypoalbuminaemia (albumin

<35 g/l) affected 98.5% of women by the third trimester,
compared to only 19.4% in the first trimester. Overt folate
deficiency (<3.2 ng/ml) was rare throughout pregnancy (0-
1.5%). Vitamin B12 deficiency (<200 pg/ml) increased
from 2.8% in the first trimester to 7.4% in the third
trimester. Low ferritin levels (<15 ng/ml) were observed
in 5.6%, 14.5%, and 11.8% of women in the first, second,
and third trimesters, respectively.

Table 5: Proportion of participants with abnormal nutritional status across trimesters.

| Variable (cutoff for

1t Trimester (n=72),

2" Trimester (n=69), 3" Trimester (n=68),

Anaemia (Hb <11 g/dl) 26 (36.1) 28 (40.6) 18 (26.5)
Total Protein (<66 g/l) 11 (15.3) 25 (36.2) 62 (91.2)
Albumin (<35 g/l) 14 (19.4) 51 (73.9) 67 (98.5)
Folate (<3.2 ng/ml) 1(1.4) 1(15) 0 (0.0)
Vitamin B12 (<200 pg/ml) 2 (2.8) 2 (2.9) 5 (7.4)
Ferritin (<15 ng/ml) 4 (5.6) 10 (14.5) 8 (11.8)

Hb = Hemoglobin, Cutoff values based on WHO guidelines for pregnancy

Table 6: Correlations between key nutritional parameters across trimesters and in non-pregnant women.

18t Trimester

Parameter pair

2" Trimester

3" Trimester Non-pregnant

r (p value) r (p value) r (p value) r (p value)
Ferritin vs. Albumin 0.184 (0.121) 0.460 (0.000)™ 0.162 (0.188) 0.235 (0.100)
Ferritin vs. BMI 0.251 (0.034)" -0.099 (0.418) 0.033 (0.791) 0.002 (0.989)
Ferritin vs. Serum Iron -0.143 (0.230) -0.300 (0.012)" -0.092 (0.455) -0.148 (0.305)
Ferritin vs. TS% -0.166 (0.164) -0.306 (0.011) 0.020 (0.870) -0.135 (0.351)
Serum lronvs. TIBC 0.355 (0.002)™ 0.315 (0.008)™ 0.479 (0.000)™ 0.565 (0.000)™
Serum lron vs. TS% 0.940 (0.000)™ 0.977 (0.000)™ 0.780 (0.000)™ 0.906 (0.000)™
Ferritin vs. Vitamin B12  0.228 (0.054) -0.078 (0.527) 0.130 (0.291) 0.369 (0.008)™

**Correlation is significant at the 0.05 level; "Correlation is significant at the 0.01 level. BMI = Body Mass Index; TS% = Transferrin

Saturation; TIBC = Total Iron Binding Capacity

Table 6 presents the correlations between key nutritional
parameters across trimesters and in non-pregnant women.
In the second trimester, ferritin demonstrated significant
negative correlations with serum iron (r =-0.300, p=0.012)
and transferrin saturation (r = -0.306, p=0.011), suggesting
mobilization of iron stores during this period. A significant
positive correlation was observed between ferritin and
albumin in the second trimester (r = 0.460, p=0.000), and
between ferritin and BMI in the first trimester (r = 0.251,
p=0.034). In non-pregnant women, ferritin correlated
positively with vitamin B12 (r = 0.369, p=0.008).

As expected, serum iron showed strong positive
correlations with transferrin saturation across all trimesters
and in non-pregnant women (r ranging from 0.780 to
0.977, all p<0.01). Serum iron also correlated positively
with TIBC in all groups (r ranging from 0.315 to 0.565, all
p<0.01).

DISCUSSION

This longitudinal cohort describes trimester-specific
behaviour of protein and iron-related indices among

pregnant women in Calabar, adding context-specific data
from South-South Nigeria. The demographic profile of our
cohort (Table 1) reveals a predominantly educated
(73.61% tertiary), multiparous (58.33%) population with a
significant proportion (43.05%) reporting unemployment,
which may influence dietary access and nutritional status
during pregnancy.

We observed progressive reductions in albumin and
ferritin with nadirs in late gestation, patterns consistent
with  physiological hemodilution, increasing iron
utilization for red cell mass expansion, and fetal
demand.*?%6 As shown in Tables 3 and 4, albumin declined
from 39.6+7.7 g/l in the first trimester to 24.3+2.7 g/l in
the third trimester (p<0.01), while ferritin decreased from
65.7+54.8 ng/mL to 30.3+20.4 ng/mL (p<0.01). The rise
in UIBC during the second trimester (446.2+44.1 ug/dL)
followed by a fall in the third (377.8+47.6 pg/dL), together
with increases in serum iron and transferrin saturation
(TS%) by late pregnancy (121.5+20.7 pg/dL and
24.4x3.7%, respectively), is biologically plausible as iron
transport and utilization adapt to gestational needs.*&147
Overall, these trimester trends align with the established
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physiology of normal pregnancy while providing local
data to inform antenatal monitoring in this setting.121518

Our data also show second trimester dips in folate and
vitamin B12 (Table 3), which fit with peak requirements
for DNA synthesis and erythropoiesis in mid gestation.*
2L Folate levels decreased from 18.9+10.4 ng/mL in the
first trimester to 14.848.2 ng/mL in the second trimester
(p<0.05), while vitamin B12 reached its nadir of
666.6+258.9 pg/mL during the same period. Although
overt folate/B12 deficiency was uncommon in this cohort
(Table 5), affecting less than 3% of participants across all
trimesters,  likely  reflecting  routine  antenatal
supplementation and diet, the lower mid-gestation levels
support continued emphasis on compliance counselling
during ANC visits.8222 This is particularly relevant given
the socioeconomic diversity of our cohort, where 43% are
unemployed and may face financial barriers to optimal
nutrition. From a service delivery standpoint, maintaining
guideline iron-folate intake and reinforcing dietary
diversity remain appropriate, rather than proposing new
therapeutic strategies based solely on these biochemical
trends. 102

Contrary to some reports, TIBC did not differ significantly
across trimesters in our study (Table 4), which may reflect
differences in study design, measurement timing,
diet/infection burden, or sample size/power relative to
previous studies that found trimester-related shifts in
transport capacity.**?® Given the well-known acute phase
reactivity of ferritin, interpretation of depleted iron stores
is more robust when inflammation markers (e.g., CRP or
AGP) are available; these were not collected here and
should be incorporated in future work to refine iron status
classification.’1627  However, our concurrent
measurement of sTfR which is less affected by
inflammation partially mitigates this limitation, as sTfR
remained stable across trimesters (Table 4), suggesting the
ferritin decline reflects true store depletion rather than
inflammatory redistribution.”*32®  Future work should
incorporate both inflammatory markers and sTfR to
strengthen iron status assessment in this population.

The correlation patterns in our cohort are internally
consistent with iron physiology (Table 6). In the second
trimester, ferritin correlated negatively with serum iron
(r=-0.300, p=0.012) and TS% (r=-0.306, p=0.011),
suggesting dynamic mobilization of stores and changes in
transport saturation as gestation progresses. Positive
correlations between ferritin and albumin (r=0.460,
p=0.000) in the second trimester and ferritin and BMI
(r=0.251, p=0.034) in the first trimester point to broader
links between nutritional status and iron stores in this
setting.™ 2° These relationships, while moderate, reinforce
the clinical value of a panel-based rather than single
marker approach to maternal iron assessment.17:18:30

Age and parity-related differences, though minimal,
warrant mention. Younger women (18-29 years) in the
third trimester had significantly higher vitamin B12 levels

than older women (30-41 years, p=0.015), which may
reflect cumulative nutritional depletion in older or
multiparous women, 193t Multiparous ~ women
demonstrated higher BMI and folate levels in the first
trimester (p<0.05), possibly indicating greater nutritional
awareness from previous pregnancies, while their higher
transferrin saturation in the third trimester (p=0.045)
suggests enhanced iron mobilization. These observations,
though derived from subgroup analyses, support
consideration of parity and age when interpreting
nutritional status in pregnancy.

Within routine ANC, our findings support three practical
actions: (i) continued monitoring of haemoglobin and key
indices (albumin, ferritin, iron/TIBC/UIBC, TS%), (ii)
reinforcement of iron—folate supplementation and
nutrition counselling, especially through mid-pregnancy,
and (iii) consideration of contextual factors (diet, infection
exposure, parity, socioeconomic status) when interpreting
laboratory values.?%2  The dramatic increase in the
proportion of women with abnormal protein status by the
third trimester (Table 5) affecting over 90% for total
protein and 98% for albumin highlights a potential
functional protein deficiency that may contribute to
complications such as edema and deserves clinical
attention.'®273% This finding is particularly significant
given that 43% of our cohort reported unemployment,
which may limit access to protein-rich foods. Linking
these biochemical measures to maternal and neonatal
outcomes (e.g., preterm birth, low birth weight, peripartum
transfusion) will be essential to strengthen clinical
meaning and determine thresholds that best predict risk in
this population.”534

Trimester-associated declines in ferritin and haemoglobin
have been consistently described across regions and
populations, attributed to hemodilution and increased fetal
demand.’>?*® Reports on TIBC/TS% are more
heterogeneous, varying with supplementation,
inflammation, and analytic timing.**3* Declines in
albumin with advancing gestation are likewise well
documented, reflecting plasma volume expansion; very
low albumin may influence oncotic pressure and fluid
balance, although most healthy pregnancies tolerate these
changes without adverse effects.?>% Our results fall within
these expected patterns while providing data specific to
Calabar that can inform local ANC practice.

This study has few strengths. The study provides
longitudinal, trimester-specific data from South-South
Nigeria and concurrently profiles ferritin, sTfR, iron
transport indices, albumin/total protein, folate, vitamin
B12, and BMI, with a non-pregnant comparator group for
contextual interpretation. The inclusion of comprehensive
demographic data (Table 1), including education, parity,
household size, and income, enhances the interpretability
of findings and allows for consideration of socioeconomic
factors in nutritional assessment.
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This study has few limitations. Single centre design with
consecutive sampling (potential selection bias); smaller
than planned sample size (=80 target vs 72 at baseline);
absence of inflammation markers to qualify ferritin; no
adjustment for multiple testing despite numerous
comparisons; and lack of maternal or neonatal outcomes,
which limits clinical inference and generalizability. These
are important considerations when interpreting the
findings and should be addressed in future research.

CONCLUSION

In this longitudinal cohort from Calabar, we observed
trimester-related trends in key nutritional indices: ferritin
and albumin declined progressively across gestation with
lowest values in the third trimester, while folate and
vitamin B12 were lowest in mid-pregnancy; serum iron
and transferrin saturation increased by late gestation.
Haematologic parameters remained lower than in non-
pregnant controls but showed limited trimester variation.
The dramatic rise in abnormal protein status by the third
trimester (affecting >90% of participants) highlights a
previously underappreciated nutritional vulnerability in
this population, potentially linked to the high proportion
(43%) of unemployed women with limited financial access
to protein-rich foods. Collectively, these patterns are
consistent with physiological hemodilution and increased
nutrient demand of pregnancy, though the magnitude of
protein decline suggests a need for clinical attention. The
findings support routine antenatal monitoring of
haemoglobin and selected biochemical markers and
reinforcement of guideline iron—folate supplementation
and nutrition counselling within ANC services, with
particular attention to women of lower socioeconomic
status. Future studies in this setting should include
inflammation markers for ferritin interpretation, richer
dietary data, multiplicity considerations, probability-based
or multi-centre sampling, and linkage to maternal—
neonatal outcomes to strengthen clinical applicability.
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