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Abstract

Pregnancy induces significant physiological changes that can impact hematological
and renal function parameters which makes them potential indicators of gestational status.
The objective of this study was to evaluate whether selected haematological and renal
function parameters can serve as potential indicators of pregnancy. It was hypothesized
that pregnancy would significantly alter these parameters compared to non-pregnant
controls. Blood samples of pregnant women and controls were analyzed for
hematological and renal function parameters. Sampling was conducted in hospitals and
laboratories in Narowal, Punjab, Pakistan, from February 2021 to June 2022. Blood
samples from 160 pregnant women and 160 controls were collected in EDTA-coated vials
for Complete Blood Count analysis. Additionally, blood samples from 51 pregnant
women and 51 controls were collected in serum vials to assess renal function. A
statistically significant difference was observed in haematological parameters, including
haemoglobin (Hb) (t = 4.87, p < 0.0001), haematocrit (HCT) (t = 3.92, p = 0.0001), and
white blood cells (WBC) (t = 2.76, p = 0.0063). Renal function analysis revealed
distinctive differences, with blood urea showing a significant increase in pregnant women
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(mean £ SD: 34.6 + 8.2 mg/dL) compared to controls (28.1 = 6.7 mg/dL), t(100) = 3.76, p
= 0.0002, and serum creatinine levels also significantly higher in the pregnant group
(0.89 +0.15 mg/dL) versus controls (0.76 £ 0.12 mg/dL), t(100) = 3.70, p = 0.0003. These
findings suggest that specific hematological and renal function tests may serve as
descriptive indicators of physiological changes during pregnancy. Further studies on
larger populations are recommended to validate these results and provide more precise

information.
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1. Introduction

Pregnancy, also known as gravidity or
gestation, is the period during which a
woman's womb creates one or more babies
(Chandra et al., 2012). Pregnancy is a
period in which the fetus survives and
grows in the body of the mother and the
immune system of the mother body does
not reject the implantation of a fetus
(Mazza, 2007). This gestation period is
alienated into 3 trimesters. The first
trimester is of less than 14 complete
weeks, the second trimester is 14 to 27
complete weeks, and the third trimester is
of 28 complete weeks till delivery (Hurjui
etal., 2017).

Certain physiological changes affect
the alimentary canal, cardiovascular,
pulmonary, and renal organs to provide
nutrients and remove waste (Kaur et al.,
2014). The fetus's blood volume increases
to oxygenate vital organs (Osonuga et al.,
2011), leading to hyperpigmentation
specially in darker areas (Ahmed et al.,
1993). Maternal blood pressure drops
during the first and second trimesters,
returning to baseline in the third trimester
(Khellaf et al., 2012). During pregnancy,
sodium retention increases due to factors
like estrogens, cortisol, renin-angiotensin,
aldosterone, and posture. Pregnancy
affects potassium balance and excretion,
with a less precise regulation mechanism
than sodium (de Flamingh & van der
Merwe, 1984). Estrogens and progesterone
moderate potassium excretion, enhancing
sodium reabsorption and acting as

mineralocorticoid antagonists (Lindhe-
imer et al., 1987). Lactate dehydrogenase
(LDH) levels may rise from pre-pregnancy
levels in the first trimester to normal levels
in the third trimester. Other authors claim
that LDH has remained unchanged
(Cattozzo et al., 2013). During the first
trimester, significant variation in renal
plasma flow and glomerular filtration rate
were already reported (Teasdale &
Morton, 2018).

There are many physiological,
hematological and serological parameters
that  significantly  fluctuate  during
pregnancy, which are otherwise an
indication of diseased condition in non-
pregnant women (Anwar et al., 2023;
Chandra et al.,, 2012). Hematological
parameters have been increasingly studied
as disease-specific biomarkers across a
variety of physiological and pathological
conditions. Our previous investigations
have demonstrated significant alterations
in CBC profiles in patients with infectious
diseases (Rasheed et al, 2022),
inflammatory skin conditions (Nawaz et
al., 2022), and renal pathologies (Butt et
al., 2023). This suggests that the broad
diagnostic  potential of blood-based
markers. Therefore, we aim to explore
whether fluctuations in blood profiles and
renal function tests may indicate
pregnancy-related physiological changes.
Pregnancy is related to hematological and
renal alterations, such as changes in
hemoglobin, white blood cells, and serum
creatinine levels. While these parameters
appeal promising biomarkers, further
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validation in larger and more diverse
populations is necessary.

2. Methodology
2.1. Subjects

Our case-control investigation
involved 160 pregnant women and 160
healthy non-pregnant women as controls.
An additional 102 blood samples were
collected for renal function test (RFT)
screening, comprising 51 samples from
pregnant women and 51 from healthy
controls. All participants provided written
informed consent before enrollment. To
minimize potential bias, all subjects were
recruited exclusively from the same
geographical region, specifically various
cities in District Narowal, Pakistan. The
study was approved by the Ethical
Committee of the University of Narowal,
Narowal, Pakistan.
2.2. Inclusion and exclusion criteria

Inclusion  criteria  for  pregnant
participants were: confirmed pregnancy by
ultrasound, age between 18-40 years, and
no known pre-existing chronic illnesses.
Controls were age-matched, non-pregnant
women with no history of chronic disease.
Exclusion criteria for both groups included
any known renal disease, hematological
disorders, recent infections, or current use
of medications affecting renal function or
hematological parameters.
2.3. Sampling and

Analyses

Three milliliters of venous blood were
collected aseptically in EDTA-coated vials
from all participants. Complete blood
count (CBC) was performed on these
samples using an automated hematology
analyzer (XP-300, Sysmex Corporation,
Japan). The analyzer was calibrated daily
according to the instructions, and
validation ~ was  performed  using
commercially available quality control
materials to ensure accuracy and precision,
as previously described (Butt et al., 2023).

Hematological

2.4, Measurement of Serum Urea and
Creatinine

Under aseptic conditions, hemolysis-
free serum was separated. Ready-to-use
kits (e.g., Pfizer) were used for estimation
of serum urea and creatinine following the
manufacturer’s guidelines. All assays were
performed in duplicate to confirm
reproducibility. The analytical methods
employed in this study were consistent
with protocols established in our previous
investigations involving CBC and renal
function testing in clinical populations
across Punjab (Afzal et al., 2024; Rasheed
et al., 2022; Riasat et al., 2022).

2.5. Statistical Analysis

Data were analyzed using Prism
GraphPad version 8. An unpaired t-test
was applied to assess statistically
significant differences between groups. A
p-value less than 0.05 was considered
statistically significant. In addition to p-
values, 95% confidence intervals were
calculated to evaluate the precision of
estimated differences, and effect sizes
(Cohen’s d) were reported to indicate the
magnitude of the observed effects.

3. Results

Investigation of complete blood count
leads to the finding of certain significant
changes. A statistically significant
decrease was found in the levels of
hemoglobin (Hb) and hematocrit (HCT) of
pregnant women when compared with the
non-pregnant women. Comparison by t
test revealed a marked increase in count of
white blood cells (WBCs) during
pregnancy with a level of significance
p<0.0001 (Figure 1).

The results implies that the renal
function test of the control and pregnant
women samples showed a distinctive
difference with the high variance in serum
urea and creatinine. The levels of both
markers i.e., serum urea and serum
creatinine  decreased significantly in
pregnant women with a level of
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significance p=0.0002 and p=0.0003
respectively (Figure 2).
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Figure 1 Hematological parameters (Hb, HCT,
WABC) in pregnant women (n=160) vs controls
(n=160). Data are presented in mean + S.E.M;
*#P<0.05, **P<0.01, ***P<0.001 (unpaired t-test).
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Figure 2 Serum creatinine and urea levels in
pregnant women (n=51) and controls (n=51).
Mean + S.E.M.; *P<0.05, **P<0.01, ***P<0.001
indicate statistical significance.

4. Discussion

We observed notable differences in
CBC parameters and RFTs between
pregnant and non-pregnant women. Our
results showed that hemoglobin and
hematocrit levels were lower, while white
blood cell counts were elevated during
pregnancy. These findings align with
previous reports indicating that pregnancy-
related anemia is among the most
prevalent hematologic issues faced by
clinicians. The reduction in hemoglobin is
likely due to increased iron requirements
to support fetal growth and maternal blood
volume expansion, which are often unmet

by dietary intake alone (Li et al., 2017).
The current findings showing significant
changes in hemoglobin, hematocrit, and
WBC counts during pregnancy are
consistent with our earlier work where
similar CBC parameters were found to
differentiate patients with hepatitis B and
psoriasis from healthy individuals (Nawaz
et al., 2022; Rasheed et al., 2022). The
observed elevation in blood urea and
serum creatinine among pregnant partici-
pants is aligned with previous findings
from our lab, where such renal function
markers potently distinguish hemodialysis
patients from healthy controls (Riasat et

al., 2022).
The  observed leukocytosis s
consistent with established evidence

showing a physiological rise in total WBC
counts during pregnancy. Studies have
demonstrated that neutrophil counts, in
particular, increase steadily between 8 and
40 weeks of gestation, reflecting a
response to physiological stress and
hormonal changes (Chandra et al., 2012)
(Dockree et al., 2021). Leukocytosis, a
significant change in hematological profile
during pregnancy, is caused by physio-
logical stress and increases in white blood
cell (WBC) count (Lurie et al., 2008).
Moreover, leukocytosis has been reported
to persist postpartum before gradually
returning to pre-pregnancy levels over
several weeks (Wadsworth, 2002) (Kaur et
al., 2014). Our findings further support the
concept that elevated neutrophil counts are
a normal adaptive response during
pregnancy, with counts potentially reach-
ing up to twice those observed after
delivery (Paidas & Hossain, 2010).
Regarding renal function, we found
that serum urea and creatinine levels were
significantly lower in pregnant women
compared to controls. This is in agreement
with earlier studies reporting decreased
creatinine concentrations as a normal
physiological change during pregnancy
due to increased glomerular filtration rate
(Girling, 2000). However, it is important
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to interpret these reductions cautiously, as
elevated levels can indicate underlying
pathology. For instance, higher serum
creatinine and blood urea nitrogen levels
have been documented in pregnant
women with pregnancy-induced hyper-
tension (Tewabe & Wolde, 2020), while
creatinine concentrations above 77 pmol/l
(0.87 mg/dl) may suggest acute kidney
injury or previously unrecognized chronic
kidney disease (Wiles et al., 2019). Lower
urea and creatinine levels likely reflect
increased glomerular filtration and renal
clearance during pregnancy. These
physiological adaptations help manage
metabolic demands of the developing
fetus.

Current study builds upon a body of
work conducted by our research group,
which has consistently shown that CBC
and serum biomarkers offer valuable
insight into physiological stress and
systemic changes associated with various
clinical conditions (Afzal et al., 2024; Butt
etal., 2023; Nawaz et al., 2022; Rasheed et
al., 2022; Riasat et al., 2022). Specifically,
our earlier study on kidney stone patients
emphasized how hematological profiles,
including neutrophil-to-lymphocyte ratio
(NLR), can serve as early indicators of
renal complications (Butt et al., 2023),
reinforcing the current study’s use of such
parameters to evaluate pregnancy-related
renal shifts. Moreover, the use of CBC
markers to detect immune or inflammatory
imbalance, as in psoriasis and hepatitis B
patients (Nawaz et al., 2022; Rasheed et
al., 2022), supports the present analysis of
immune-related hematological changes in
pregnancy. These collective findings
contribute to our ongoing effort to identify
low-cost, non-invasive markers that may
be useful for early screening or monitoring
of various conditions in resource-limited
settings. Although current study provides
insightful results, there are certain
limitations. Our study was limited by its
relatively small sample size for renal
function analysis, which may affect the
generalizability  of  the  findings.

Additionally,  potential  confounding
factors such as dietary intake, hydration
status, and underlying subclinical
conditions were not controlled, which
could influence hematological and renal
parameters during pregnancy.

5. Conclusion

Our investigation gives proof of the
differentiation between pregnant and
normal women because of the CBC and
renal profile results. The results of the
CBC and renal functioning profile trial of
normal women were altogether not quite
the same as cases of pregnant women. As
convenient  biomarkers, hemoglobin,
hematocrit, white blood cell count, serum
urea, and serum creatinine can serve as
useful indicators for evaluating physio-
logical changes in pregnant women. These
findings are important for future research
and their potential application in clinical
practice.
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