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Introduction: Pregnancy induces substantial physiological adjustments that extend to renal function, 
driven by changes in blood volume, hormonal activity, and metabolic demands that alter the normal 
behavior of key biochemical markers. Understanding how these renal parameters evolve across 
gestation is essential for distinguishing healthy physiological adaptation from early signs of renal 
impairment. 
Objectives: This study aimed to examine trimester‑specific changes in renal function within a 
prospective cohort of pregnant women to clarify the expected trajectory of renal biomarkers during 
normal pregnancy.
Materials and Methods: The study employed a prospective cohort design conducted at a maternity 
teaching hospital in Nasiriyah, Iraq, enrolling 49 first‑trimester singleton pregnant women who 
were followed from January 2024 to January 2025 to assess longitudinal renal changes. Eligible 
participants were singleton pregnant women who provided informed written consent. Demographic 
and obstetric data were collected at enrollment, and venous blood samples were obtained at the 
end of each trimester to measure blood urea and serum creatinine using standardized biochemical 
procedures. Renal biomarkers were compared across trimesters to evaluate alterations in kidney 
function during pregnancy.
Results: The study included 49 pregnant women with a mean age of 30.22 ± 8.25 years. The results 
demonstrated progressive alterations in renal biomarkers across pregnancy, with both blood urea 
and creatinine levels indicating a steady and statistically significant rise from the first to the third 
trimester (P < 0.05). 
Conclusion: Pregnancy is associated with a steady and significant increase in renal biomarkers across 
trimesters. These findings highlight the importance of considering trimester‑specific changes when 
evaluating maternal renal function.

ABSTRACT

Implication for health policy/practice/research/medical education:
In this study, we found that pregnancy produces a gradual and measurable shift in renal physiology, reflected in the steady rise of key 
biochemical markers as gestation progresses. The upward trajectory of these biomarkers signals a dynamic process of renal adaptation 
in which filtration and solute‑handling mechanisms evolve in parallel with the physiological transformations of pregnancy. This pattern 
reinforces the concept that maternal kidney function is not static but undergoes a predictable, trimester‑dependent modulation that must be 
considered when evaluating renal health during pregnancy.
Please cite this paper as: Waleed SM, Salih AHM, Hussain SS. Physiological impact of pregnancy on renal function; a prospective cohort 
study. J Nephropathol. 2026;x(x):e28708. DOI: 10.34172/jnp.2026.28708.

Introduction
Pregnancy induces profound physiological adaptations 
across multiple organ systems, including the kidneys, 
to support fetal development and maintain maternal 
homeostasis (1-3). Maternal renal function undergoes 
dynamic changes beginning early in gestation, driven by 

increased metabolic demands, plasma volume expansion, 
and hormonal modulation (1,4). These adaptations are 
essential for maintaining fluid and electrolyte balance, 
excreting metabolic waste, and supporting placental 
perfusion (1). Prior research has demonstrated that 
glomerular filtration rate (GFR) rises significantly during 
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normal pregnancy, reflecting enhanced renal plasma 
flow and systemic vasodilation (5). Lopes van Balen et al 
reported that GFR increases by approximately 40–50% in 
early gestation, stabilizing through mid‑pregnancy before 
gradually declining toward term, although remaining 
above pre‑pregnancy levels throughout gestation (1).

Renal function during pregnancy is influenced by 
complex hemodynamic and hormonal factors, including 
relaxin-mediated vasodilation, activation of the renin–
angiotensin–aldosterone system, and increased nitric 
oxide production. These mechanisms collectively reduce 
renal vascular resistance and promote hyperfiltration 
(6,7). Structural changes, such as kidney enlargement 
and dilation of the urinary tract, further contribute to 
altered renal physiology (8). Comprehensive reviews 
have highlighted that renal plasma flow may increase 
during pregnancy, underscoring the magnitude of these 
physiological shifts (6). Understanding these changes is 
essential for distinguishing normal gestational adaptations 
from early signs of renal pathology, particularly in women 
with pre‑existing kidney disease or those at risk of 
hypertensive disorders of pregnancy.

The physiological impact of pregnancy on renal 
function has important clinical implications. Altered 
tubular handling of electrolytes, increased protein 
excretion, and changes in acid–base balance may 
complicate the assessment of renal health during gestation 
(9). The renal and urinary tract adaptations are integral 
to maintaining maternal–fetal equilibrium and can 
influence pregnancy outcomes when disrupted (10). 
Despite extensive characterization of these physiological 
processes, prospective cohort data remain essential for 
refining our understanding of renal functional trajectories 
across pregnancy and for improving clinical assessment 
frameworks. The present study aims to address this need 
by evaluating the physiological impact of pregnancy on 
renal function in a well‑defined cohort.

Objectives
This study aimed to examine the physiological changes 
in renal function that occur throughout pregnancy by 
assessing trimester‑specific variations in key biochemical 
markers within a prospective cohort of pregnant women, 
thereby distinguishing normal gestational adaptations 
from potential indicators of renal impairment.

Materials and Methods
Study design and participants
The prospective cohort study was conducted at a major 
maternity teaching hospital in Nasiriyah, Iraq, over the 
period from January 2024 to January 2025, and enrolled 
a group of 49 pregnant women who were systematically 
followed throughout the course of their pregnancies to 

assess longitudinal changes in renal function.

Inclusion and exclusion criteria
The study enrolled singleton pregnant women in their 
first trimester who were receiving routine antenatal care 
and who provided informed written consent to participate 
in longitudinal follow‑up throughout pregnancy. 
Eligibility required the absence of any known chronic 
kidney disease, hypertension, diabetes mellitus, or other 
systemic disorders with the potential to independently 
influence renal function. Women who developed 
pregnancy‑related complications during the study period, 
as well as those using medications known to affect renal 
biomarkers, were excluded to minimize confounding 
influences. Participants with incomplete follow‑up data 
or insufficient laboratory samples were also excluded to 
ensure the reliability and consistency of renal function 
assessments across all trimesters.

Kidney function tests assessment 
Kidney function was evaluated through serial measurement 
of blood urea and serum creatinine concentrations at 
standardized time points across gestation. Venous blood 
samples were obtained from each participant at the end 
of every trimester to ensure consistency in physiological 
comparison and to capture trimester‑specific renal 
adaptations. All samples were processed using routine 
biochemical analysis in the hospital laboratory, following 
standardized protocols and assessments throughout the 
study period.

Data collection
Data collection was conducted prospectively throughout 
the duration of pregnancy following the provision 
of informed written consent by all participants. At 
enrollment, comprehensive demographic and obstetric 
information, including maternal age, parity, and history 
of miscarriage, was obtained to characterize the study 
population. Venous blood samples were subsequently 
collected from each participant at the end of every 
trimester to enable standardized and temporally consistent 
assessment of renal function. Blood urea and serum 
creatinine concentrations were measured using validated 
biochemical laboratory procedures, and all results were 
systematically recorded to facilitate comparative analysis 
across the first, second, and third trimesters.

Outcome measurement 
Outcome measurement was based on evaluating changes 
in renal function across gestation by comparing blood urea 
and serum creatinine concentrations at three defined time 
points corresponding to the end of each trimester. These 
biomarkers were selected as primary indicators of renal 
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function during pregnancy, and their serial assessment 
allowed for the identification of trimester‑specific trends 
and the characterization of progressive alterations in 
kidney function over the course of gestation.

Statistical analysis
All statistical analyses were conducted using SPSS software, 
version 27 (IBM Corp., Armonk, NY, USA). Descriptive 
statistics were used to summarize baseline maternal 
characteristics, including age, parity, and miscarriage 
history. Continuous variables such as blood urea and 
serum creatinine concentrations were expressed as means 
and standard deviations for each trimester. The normality 
of the distribution of quantitative data, including urea 
and creatinine, was assessed using the Shapiro–Wilk test; 
however, because the direction of the P values for both 
parametric and non‑parametric tests was consistent, 
parametric tests were selected due to their greater 
statistical accuracy. To evaluate longitudinal changes in 
renal biomarkers across pregnancy, repeated‑measures 
analysis was applied to test overall differences among the 
three trimesters. Pairwise comparisons between trimesters 
were subsequently performed using paired‑samples t‑tests 
to identify specific trimester‑to‑trimester differences. 
Statistical significance was defined as a two‑tailed P value 
< 0.05.

Results
The study population consisted of 49 pregnant women 
with a mean age of 30.22 ± 8.25 years, reflecting a broad 
reproductive‑age cohort. The distribution of parity 
indicated that most participants had previously given 
birth, whereas a smaller subset comprised women in their 
first pregnancy. A similar pattern emerged for pregnancy 
loss, as the majority of women reported no history of 
miscarriage, and only a limited number had experienced 
one or two prior losses  (Table 1). 

Blood urea levels demonstrated a clear upward pattern as 
pregnancy advanced, with values progressively increasing 
from the first through the third trimester. Statistical 
testing indicated that these changes were significant across 
all stages of gestation. Comparisons between trimesters 
showed that each subsequent stage was associated with a 
meaningful rise in urea levels relative to the previous one, 
reflecting the physiological adjustments in renal handling 
of nitrogenous waste that occur as pregnancy progresses 
(Table 2 and Figure 1).

Creatinine levels showed a consistent upward progression 
across pregnancy, reflecting the increasing physiological 
demands placed on maternal renal function as gestation 
advances. Each trimester was associated with a statistically 
significant rise compared with the preceding stage, 
indicating that renal filtration dynamics shift progressively 

throughout pregnancy. These trimester‑to‑trimester 
differences highlight the cumulative impact of gestational 
changes on creatinine handling, underscoring the 
importance of interpreting renal biomarkers within 
the context of normal physiological adaptation during 
pregnancy (Table 3 and Figure 2).

Discussion
Our prospective cohort study demonstrated a steady and 
significant increase in renal biomarkers, specifically blood 
urea and creatinine, across the trimesters of pregnancy. 
This finding contrasts with the physiological adaptations 
typically observed in normal pregnancies, where renal 
function is characterized by GFR, leading to decreased 
serum levels of urea and creatinine (11,12). De Flamingh 
and van der Merwe investigated serum biochemical 
changes during uncomplicated pregnancy and reported a 
consistent downward trend in both urea and creatinine 
concentrations across gestation; their findings highlight 
the characteristic renal adaptations of pregnancy, in 
which increased glomerular filtration and expanded 
plasma volume enhance the clearance of nitrogenous 
waste products, resulting in notably lower circulating 

Table 1. Baseline characteristics of participating mothers in the 
study

Maternal demographic and 
obstetric information

Frequency Percent

Parity (N)

0 10 20.4
1 8 16.3
2 15 30.6
3 11 22.4
4 5 10.3
Total 49 100

Miscarriage (N)

0 38 77.6
1 9 18.3
2 2 4.1
Total 49 100

Quantitative variable Mean SD
Maternal age (years) 30.22 8.25

N: Number, SD: Standard deviation.

Table 2. Changes in blood urea levels across pregnancy trimesters
Pregnancy time Mean SD P value*
Blood urea (mg/dL)

<0.001First trimester 41.81 13.27
Second trimester 47.89 13.05
Third trimester 53.77 20.08
Between-trimesters 
comparison Mean difference (95% CI) P value**

Third vs first +11.96 (5.08–18.83) 0.001
Second vs first +6.08 (0.74–11.41) 0.026
Third vs second +5.88 (1.61–10.14) 0.008

SD: Standard deviation. *Repeated measures, **Paired-samples t 
test.
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levels of these markers as pregnancy progresses (12). Jin 
et al investigated establishing trimester‑specific reference 
intervals for a broad range of biochemical, haematological, 
and haemostatic indices in healthy pregnant women. Their 
analysis demonstrated a pronounced reduction in blood 
urea nitrogen and creatinine concentrations from early to 
late gestation (11). These established patterns highlight 
increased renal clearance in uncomplicated pregnancies, 
underscoring the novelty of our observation of rising 
biomarker levels, which may indicate a deviation from 
typical physiological norms in our cohort and warrant 
scrutiny for potential underlying renal stress or subclinical 
impairment.

The observed steady increase in blood urea and 
creatinine across pregnancy trimesters suggests possible 
deviations from the expected hyperfiltration state, 
potentially reflecting early renal functional changes or 
cohort-specific factors such as subtle hemodynamic shifts, 
dietary influences, or unmeasured variables influencing 
biomarker accumulation (3,13). In normal pregnancy, 
renal physiology involves a 40%-65% rise in GFR by 
the first trimester, sustaining lower creatinine and urea 
concentrations despite increased plasma volume (1,3,14). 

Our results, however, imply a progressive accumulation 
rather than dilution or clearance, which could signal 
attenuated renal reserve in some pregnant individuals, 
aligning with reviews noting that while most women 
adapt well, certain populations experience challenges in 
maintaining homeostasis (15). This discrepancy with 
prior longitudinal studies in healthy cohorts (11,14) 
highlights the importance of prospective monitoring in 
diverse settings, as our findings challenge the universality 
of decreased biomarker profiles and suggest that 
pregnancy may unmask vulnerabilities in renal handling 
of nitrogenous waste. Practically, these elevations could 
inform refined clinical thresholds for renal assessment, 
prompting earlier interventions to mitigate risks like 
hypertension or preeclampsia, where such biomarkers are 
further deranged (16,17).

Overall, our study reveals that pregnancy can be 
associated with a significant and progressive rise in blood 
urea and creatinine, diverging from the predominant 
literature documenting declines in normal gestation. 
These findings emphasize the need for pregnancy-
specific reference ranges tailored to cohort characteristics 
and advocate for routine serial monitoring of renal 
biomarkers to detect atypical trajectories early. Future 
research should explore mechanistic drivers, such as 
longitudinal GFR measurements or correlations with 
proteinuria, to elucidate whether these changes represent 
adaptive variations or precursors to pathology. Clinically, 
integrating such profiles could enhance risk stratification, 
optimizing maternal care and outcomes in prospective 
cohorts.

Conclusion
This prospective cohort study shows that pregnancy is 
accompanied by progressive changes in renal function, 
evidenced by consistent increases in blood urea and 
creatinine levels across trimesters. These findings 
underscore the importance of interpreting renal biomarkers 

Figure 1. Mean blood urea concentrations comparison during the 
three trimesters of pregnancy.

Figure 2. Mean blood creatinine concentrations comparison 
during the three trimesters of pregnancy.

Table 3. Changes in blood creatinine levels across pregnancy 
trimesters 
Pregnancy time Mean SD P value*
Creatinine (mg/dL)

<0.001First trimester 0.87 0.17
Second trimester 1.11 0.48
Third trimester 1.44 0.88
Between-trimesters 
comparison Mean difference (95% CI) P value**

Third vs first + 0.57 (0.31 – 0.81) <0.001
Second vs first + 0.24 (0.08 – 0.37) 0.002
Third vs second + 0.33 (0.13 – 0.53) 0.002

SD: Standard deviation. *Repeated measures, **Paired-samples t 
test.
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within the context of normal gestational physiology to 
avoid misclassification of healthy adaptive changes as 
pathological. Recognizing these trimester‑dependent 
patterns can support more accurate clinical assessment 
and enhance monitoring strategies for maternal kidney 
health during pregnancy.

Limitations of the study 
The study is subject to several limitations that should be 
considered when interpreting the findings. The sample 
size was relatively small, with 49 participants, which 
may limit the generalizability of the results to broader 
populations. Renal function assessment relied solely on 
blood urea and serum creatinine measurements, without 
inclusion of additional biomarkers or GFR estimations 
that could provide a more comprehensive evaluation. 
The study also excluded women with pregnancy‑related 
complications and those with incomplete follow‑up, 
which, while necessary for methodological consistency, 
may reduce the applicability of the findings to more 
diverse clinical scenarios. Finally, although samples were 
collected at standardized trimester endpoints, unmeasured 
confounding factors, such as dietary intake, hydration 
status, or inter‑laboratory variability, may have influenced 
biomarker levels.

Acknowledgments
The authors express their sincere appreciation to the staff 
of the maternity teaching hospital in Nasiriyah for their 
invaluable support throughout the data collection process. 
Deep gratitude is also extended to the participating 
mothers, whose cooperation and commitment made this 
study possible. 

Authors’ contribution 
Conceptualization: Saad Mashkoor Waleed and Saba 
Sabeeh Hussain.
Data curation: Abdul-Hassan Mahdi Salih and Saad 
Mashkoor Waleed. 
Formal analysis: Abdul-Hassan Mahdi Salih.
Investigation: Saba Sabeeh Hussain.
Methodology: Abdul-Hassan Mahdi Salih and Saba 
Sabeeh Hussain.
Project management: Saad Mashkoor Waleed.
Resources: All authors.
Supervision: All authors.
Validation: Abdul-Hassan Mahdi Salih.
Writing–original draft: All authors.
Writing–review and editing: All authors.

Conflicts of interest 
The authors declare no conflict of interest.

Data availability statement
The datasets generated during and/or analyzed during the 
current study are available from the corresponding author 
on reasonable request.

Declaration of generative artificial intelligence (AI) 
and AI-assisted technologies in the writing process
While preparing this work, the authors utilized AI 
(Grammarly, https://app.scinito.ai/, and Copilot) to refine 
grammar points and language style. Subsequently, they 
thoroughly reviewed and edited the content as necessary, 
assuming full responsibility for the publication’s content.

Ethical issues
The research was conducted in accordance with the 
principles outlined in the Declaration of Helsinki. 
Informed written consent was taken from all participants. 
This study was conducted at the maternity teaching 
hospital in Nasiriyah, Iraq, and approved by the ethics 
committee of the University of Alkafeel, Iraq, under the 
registration number 1425. Besides, the authors have 
ultimately observed ethical issues (including plagiarism, 
data fabrication, and double publication).

Funding/Support 
The funding was supported by the University of Alkafeel, 
Iraq.

References
1.	 Lopes van Balen VA, van Gansewinkel TAG, de Haas S, 

Spaan JJ, Ghossein-Doha C, van Kuijk SMJ, et al. Maternal 
kidney function during pregnancy: systematic review and 
meta-analysis. Ultrasound Obstet Gynecol. 2019;54:297–
307. doi: 10.1002/uog.20137. 

2.	 Odutayo A, Hladunewich M. Obstetric nephrology: 
renal hemodynamic and metabolic physiology in normal 
pregnancy. Clin J Am Soc Nephrol. 2012;7:2073–80. doi: 
10.2215/cjn.00470112. 

3.	 Cheung KL, Lafayette RA. Renal physiology of pregnancy. 
Adv Chronic Kidney Dis. 2013;20:209–14. doi: 10.1053/j.
ackd.2013.01.012. 

4.	 de Souza AMA, West CA. Adaptive remodeling of renal 
Na+ and K+ transport during pregnancy. Curr Opin 
Nephrol Hypertens. 2018;27:379–83. doi: 10.1097/
mnh.0000000000000441. 

5.	 Kikuta Y, Kazama I. ACE2 Expression in the Kidneys 
of Pregnant and Postpartum Rats: Physiological and 
Pathological Significance During Pregnancy. Cell Physiol 
Biochem. 2025;59:164–73. doi: 10.33594/000000769. 

6.	 West CA, Sasser JM, Baylis C. The enigma of continual plasma 
volume expansion in pregnancy: critical role of the renin-
angiotensin-aldosterone system. Am J Physiol Renal Physiol. 
2016;311:F1125–f34. doi: 10.1152/ajprenal.00129.2016. 

7.	 Fu Q. Hemodynamic and Electrocardiographic Aspects of 
Uncomplicated Singleton Pregnancy. Adv Exp Med Biol. 

https://nephropathol.com
https://www.grammarly.com/
https://app.scinito.ai/
https://copilot.microsoft.com/


Waleed SM et al

Journal of  Nephropathology, Vol x, No x, xx 2026                                                   https://nephropathol.com6

2018;1065:413–31. doi: 10.1007/978-3-319-77932-4_26. 
8.	 Palit F. Renal Physiology of Pregnancy. In: Şahin ÖN, Briana 

DD, Di Renzo GC, editors. Breastfeeding and Metabolic 
Programming. Cham: Springer International Publishing; 
2023. p. 99–107. doi: 10.1007/978–3–031–33278–4_9.

9.	 Beers K, Patel N. Kidney Physiology in Pregnancy. Adv 
Chronic Kidney Dis. 2020;27:449–54. doi: 10.1053/j.
ackd.2020.07.006. 

10.	 Shrestha A, Bhattarai S, Madhup SK. Pyrexia in Pregnancy 
and its Maternal and Fetal Outcome. Kathmandu Univ Med 
J (KUMJ). 2023;21:7–12. 

11.	 Jin Y, Lu J, Jin H, Fei C, Xie X, Zhang J. Reference intervals 
for biochemical, haemostatic and haematological parameters 
in healthy Chinese women during early and late pregnancy. 
Clin Chem Lab Med. 2018;56:973–9. doi: 10.1515/cclm-
2017-0804. 

12.	 De Flamingh JP, van der Merwe JV. A serum biochemical 
profile of normal pregnancy. S Afr Med J. 1984;65:552–5. 

13.	 De Sousa Mendes M, Hirt D, Urien S, Valade E, Bouazza 

N, Foissac F, et al. Physiologically-based pharmacokinetic 
modeling of renally excreted antiretroviral drugs in pregnant 
women. Br J Clin Pharmacol. 2015;80:1031–41. doi: 
10.1111/bcp.12685. 

14.	 Larsson A, Palm M, Hansson LO, Axelsson O. Reference 
values for clinical chemistry tests during normal 
pregnancy. Bjog. 2008;115:874–81. doi: 10.1111/j.1471-
0528.2008.01709.x. 

15.	 Germain S, Nelson-Piercy C. Lupus nephritis and renal 
disease in pregnancy. Lupus. 2006;15:148–55. doi: 
10.1191/0961203306lu2281rr. 

16.	 Ekun OA, Olawumi OM, Makwe CC, Ogidi NO. 
Biochemical Assessment of Renal and Liver Function among 
Preeclamptics in Lagos Metropolis. Int J Reprod Med. 
2018;2018:1594182. doi: 10.1155/2018/1594182. 

17.	 Manjareeka M. Elevated levels of serum uric acid, creatinine 
or urea in preeclamptic women. Int J Med Sci Public Health. 
2013;2:43–7. doi: 10.5455/ijmsph.2013.2.43-47. 

Copyright © 2026 The Author(s); Published by Society of Diabetic Nephropathy Prevention. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original work is properly cited.

https://nephropathol.com
https://creativecommons.org/licenses/by/4.0/

