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Abstract

Introduction: Preeclampsia is a major hypertensive disorder of pregnancy and a leading cause of ma-
ternal and perinatal morbidity and mortality worldwide. Kidney Injury Molecule-1 (KIM-1) has emerged
as a promising biomarker of early renal tubular injury; however, its association with severe preeclampsia
remains insufficiently established.

Material and methods: An analytic observational study with a cross-sectional design was conducted
between June and December 2024 at Hasanuddin University Hospital, Makassar, Indonesia. A total of 105
pregnant women were enrolled, including 70 women with severe preeclampsia and 35 normotensive
controls. Midstream urine samples were collected and urinary Kidney Injury Molecule-1 (KIM-1) levels
were measured using enzyme-linked immunosorbent assay (ELISA). Comparisons between groups were
performed using the Mann-Whitney U test and Kruskal-Wallis test, while correlations were assessed using
Spearman’s rank correlation. A p-value <0.05 was considered statistically significant.

Results: Urinary KIM-1 levels were significantly higher in women with severe preeclampsia than in
normotensive controls (median 2.03 [1.50-3.70] vs. 1.34 [0.60-1.53] ng/mL, p < 0.001). Urinary KIM-1
levels showed significant positive correlations with systolic blood pressure (r = 0.544, p < 0.001) and
diastolic blood pressure (r = 0.447, p < 0.001). Higher urinary KIM-1 concentrations were also observed
in overweight women (p = 0.033) and in preterm pregnancies (p = 0.020).

Conclusion: Urinary KIM-1 levels were significantly elevated in women with severe preeclampsia and
were positively associated with blood pressure, suggesting that urinary KIM-1 may serve as a sensitive,
non-invasive biomarker of early renal tubular injury in severe preeclampsia.

Key words: Severe preeclampsia, kidney Injury Molecule-1, urinary biomarker, renal tubular injury,
hypertensive disorders of pregnancy
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Introduction

Preeclampsia is a multisystem hypertensive dis-
order of pregnancy characterized by new-onset
hypertension after 20 weeks of gestation, accompa-
nied by proteinuria or evidence of maternal organ
dysfunction. It remains one of the leading causes
of maternal and perinatal morbidity and mortal-
ity worldwide, affecting approximately 2-8% of
pregnancies. In Indonesia, preeclampsia continues
to contribute substantially to maternal mortality
despite advances in antenatal care. The condition
is associated with serious maternal complications,
including eclampsia, stroke, acute kidney injury,
hepatic dysfunction, and disseminated intravascu-
lar coagulation, as well as adverse fetal outcomes
such as fetal growth restriction, preterm birth, and
perinatal death??3,

The pathogenesis of preeclampsia is complex
and involves abnormal placentation, inadequate
trophoblastic invasion, and impaired remodeling
of the spiral arteries. These abnormalities result in
placental ischemia, oxidative stress, and the release of
antiangiogenic and inflammatory mediators into the
maternal circulation, leading to widespread endothe-
lial dysfunction. The kidneys are among the organs
most frequently affected, with renal involvement
characterized by glomerular endotheliosis, reduced
glomerular filtration rate, and tubular epithelial
injury. Although serum creatinine and blood urea
nitrogen are routinely used to evaluate renal function,
these conventional biomarkers often remain within
the normal range until significant renal impairment
has occurred, limiting their usefulness for detecting
early kidney injury*®.

Kidney Injury Molecule-1 (KIM-1) is a type I trans-
membrane glycoprotein that is minimally expressed
in healthy kidneys but markedly upregulated in
proximal tubular epithelial cells following ischemic
or toxic injury. After tubular damage, the extracel-
lular domain of KIM-1 is shed into the urine, making

it a sensitive and non-invasive biomarker for early
renal tubular injury.

Previous studies have demonstrated signifi-
cantly higher urinary KIM-1 levels in women with
preeclampsia than in normotensive pregnancies,
suggesting that KIM-1 may identify renal injury
before abnormalities in conventional renal func-
tion tests become evident. Furthermore, urinary
KIM-1 has been associated with disease severity
and adverse maternal outcomes, highlighting its
potential clinical value in hypertensive disorders
of pregnancy!®16,

Despite growing evidence supporting the diag-
nostic value of urinary KIM-1, data from Southeast
Asian populations remain limited, and its relationship
with clinical indicators of disease severity has not
been adequately investigated. Evaluating urinary
KIM-1 levels in women with severe preeclampsia
may improve understanding of renal involvement
and facilitate earlier identification of subclinical
kidney injury.

Therefore, this study aimed to compare urinary
Kidney Injury Molecule-1 (KIM-1) levels between
women with severe preeclampsia and normotensive
pregnancies and to evaluate the association between
urinary KIM-1 levels and clinical parameters of
disease severity.

Material and methods

Study Design and Setting

This analytic observational study employed a
cross-sectional design and was conducted at the
Department of Obstetrics and Gynecology, Hasa-
nuddin University Hospital, Makassar, Indonesia,
from June to December 2024. The study aimed to
compare urinary Kidney Injury Molecule-1 (KIM-1)
levels between women with severe preeclampsia
and normotensive pregnant women and to evaluate
the association between urinary KIM-1 levels and
clinical indicators of disease severity.
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Study Population

Pregnant women attending Hasanuddin University
Hospital during the study period were consecutively
recruited. A total of 105 participants were included
in the study, comprising 70 women with severe pre-
eclampsia and 35 normotensive pregnant women
who served as the control group.

Severe preeclampsia was diagnosed according
to the American College of Obstetricians and Gyne-
cologists (ACOG) Practice Bulletin No. 222 (2020),
defined as new-onset hypertension after 20 weeks
of gestation (systolic blood pressure 2160 mmHg
and/or diastolic blood pressure 2110 mmHg) ac-
companied by proteinuria or evidence of maternal
end-organ dysfunction.

Inclusion and Exclusion Criteria

Eligible participants were women aged 218 years
with singleton pregnancies of at least 20 weeks'
gestation who provided written informed consent.

Women with chronic kidney disease, chronic
hypertension, diabetes mellitus, urinary tract infec-
tion, autoimmune disorders, multiple pregnancy,
congenital renal abnormalities, or incomplete clinical
and laboratory data were excluded.

Sample Collection and Measurement

of Urinary KIM-1

Approximately 10 mL of midstream urine was
collected from each participant under aseptic con-
ditions before delivery. The urine samples were
centrifuged at 3,000 rpm for 10 minutes, and the
supernatant was aliquoted and stored at —20°C until
laboratory analysis.

Urinary KIM-1 concentrations were determined
using a commercially available enzyme-linked im-
munosorbent assay (ELISA) kit according to the
manufacturer's instructions. (Human KIM-1 ELISA
Kit, BT Lab, Shaghai, China; Cat. No. E1099Hu)

Maternal demographic characteristics, body mass
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index (BMI), parity, gestational age, systolic blood
pressure, diastolic blood pressure, serum urea, serum
creatinine, and urinary KIM-1 concentrations were
collected from clinical examinations and medical
records.

Ethical Considerations

The study protocol was approved by the Health
Research Ethics Committee, Faculty of Medicine,
Hasanuddin University, Makassar, Indonesia (Ap-
proval No. 27/ UN4.6.4.5.31 / PP36 / 2025). Written
informed consent was obtained from all participants
before enrollment. All procedures were conducted
in accordance with the ethical principles of the
Declaration of Helsinki (2013).

Statistical Analysis

Statistical analysis was performed using IBM SPSS
Statistics version 27.0 (IBM Corp., Armonk, NY, USA).

Continuous variables were tested for normality
using the Shapiro-Wilk test. Normally distributed
data are presented as mean # standard deviation
(SD), whereas non-normally distributed data are
presented as median (interquartile range [IQR]).
Categorical variables are expressed as frequencies
and percentages.

Comparisons between the severe preeclampsia
and control groups were performed using the inde-
pendent-samples t-test for normally distributed vari-
ables or the Mann-Whitney U test for non-normally
distributed variables. Comparisons among more than
two groups were analyzed using the Kruskal-Wallis
test. Correlations between urinary KIM-1 levels and
continuous clinical variables were assessed using
Spearman's rank correlation coefficient. A two-tailed
p-value <0.05 was considered statistically significant.

Results
A total of 105 pregnant women who met the in-
clusion and exclusion criteria were enrolled in this
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study. The study population consisted of 70 women
with severe preeclampsia and 35 normotensive
pregnant women.

Baseline Characteristics

The baseline demographic and clinical character-
istics of the participants are presented in Table 1.
Most participants were aged 20-35 years (82.9%),
were multigravida (61.9%), and had term pregnan-
cies (88.6%).

No significant differences were observed between
the severe preeclampsia and control groups regarding
maternal age, parity, or gestational age (all p >0.05).
However, body mass index (BMI) differed significantly
between the two groups (p =0.001), with obesity
being more prevalent among women with severe
preeclampsia. Although serum urea and creatinine
levels were higher in the severe preeclampsia group,
these differences were not statistically significant.

Table 1. Characteristics research subjects.

Comparison of Urinary KIM-1 Levels

The comparison of urinary KIM-1 concentrations
between the study groups is presented in Table 2
and Figure 1.

Women with severe preeclampsia had signifi-
cantly higher urinary KIM-1 levels than normotensive
controls (median 2.03 [1.50-3.70] ng/mL vs. 1.34
[0.60-1.53] ng/mL, p <0.001).

Association Between Urinary KIM-1 Levels

and Maternal Characteristics

The relationship between urinary KIM-1 levels
and maternal characteristics is shown in Table 3.

Urinary KIM-1 concentrations differed significantly
according to maternal BMI (p =0.033), with the
highest levels observed among overweight women.
In addition, urinary KIM-1 levels were significantly
higher in preterm pregnancies than in term preg-
nancies (p =0.020).

CHARACTERISTIC

Maternal age (years)

20-35 59 (84.3)
<20 or>35 11 (15.7)
Body mass index

Normal 12 (17.1)
Overweight 26 (37.1)
Obese 32 (45.8)
Parity

Primigravida 23 (32.9)
Multigravida 47 (67.1)
Gestational age

Preterm 10 (14.3)
Term 60 (85.7)
Serum urea (mg/dL) 27.13£2.13
Serum creatinine (mg/dL) 1.20£0.33

Data are presented as n (%) or mean #* standard deviation (SD).

SEVERE PREECLAMPSIA (N = 70)

NORMOTENSIVE PREGNANCY (N = 35) P-VALUE
28 (80.0) 0.592%
7 (20.0)

20 (57.1)
10 (28.6) 0.001+
5(14.3)
17 (48.6) 0.139%
18 (51.4)
2(5.7) 0.329%
33 (94.3)
18.31+1.17 verify
0.87 £0.28 verify

1Chi-square test. Continuous variables were compared using the independent-samples t-test or Mann-Whitney U test, as appropriate.

Statistical significance was defined as p < 0.05.
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Table 2. Comparison of urinary KIM-1 levels between women with severe preeclampsia and normoten-
sive pregnancies.
VARIABLE SEVERE PREECLAMPSIA (N=70) NORMOTENSIVE PREGNANCY (N = 35) P-VALUE
Urinary KIM-1 (ng/
mL), Median (Range)

2.03 (1.50-3.70) 1.34 (0.60-1.53) <0.001*

*Values are presented as median (range). Mann-Whitney U test. Statistical significance was defined as p <0.05.

Table 3. Association between urinary KIM-1 levels and maternal characteristics

CHARACTERISTIC N URINARY KIM-1 (NG/ML), MEDIAN (RANGE) P-VALUE
Body mass index
Normal 32 1.42 (1.04-3.77)
Overweight 36 1.94 (0.60-3.48) 0.033t
Obese 37 1.76 (0.69-3.40)
Gestational age
Preterm 12 2.20 (1.29-3.48) 0.020%
Term 93 1.69 (0.60-3.77)

Values are presented as median (range).
TKruskal-Wallis test.

$Mann-Whitney U test.

Statistical significance was defined as p <0.05.
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Figure 1. Boxplot showing the distribution of urinary Kidney Injury Molecule-1 (KIM-1) levels in women with severe pre-
eclampsia and normotensive pregnancies. Women with severe preeclampsia had significantly higher urinary KIM-1 levels
than normotensive controls Description: Mann-Whitney U test, p < 0.001.
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Figure 2. Scatter plots demonstrating the correlations between urinary KIM-1 levels and systolic (A) and diastolic (B) blood

pressure in women with severe preeclampsia.

Correlation Between Urinary KIM-1 Levels

and Blood Pressure

The correlations between urinary KIM-1 levels and
maternal blood pressure are illustrated in Figure 2.

Spearman's correlation analysis demonstrated
a moderate positive correlation between urinary
KIM-1 levels and systolic blood pressure (r =0.544,
p <0.001). A moderate positive correlation was also
observed between urinary KIM-1 levels and diastolic
blood pressure (r =0.447, p <0.001).

Discussion

This study demonstrated that urinary Kidney
Injury Molecule-1 (KIM-1) levels were significantly
higher in women with severe preeclampsia than in
normotensive pregnancies. Furthermore, urinary
KIM-1 levels showed significant positive correla-
tions with systolic and diastolic blood pressure and
were associated with maternal body mass index
and gestational age. These findings support the hy-

pothesis that renal tubular injury occurs in severe
preeclampsia and that urinary KIM-1 may serve as
a sensitive biomarker of early renal involvement.
The present findings are consistent with previous
studies reporting elevated urinary KIM-1 concen-
trations in women with preeclampsia. Moresco et
al. demonstrated that urinary KIM-1 levels were
significantly increased in hypertensive disorders
of pregnancy compared with normotensive preg-
nancies, indicating that tubular epithelial injury
develops early during disease progression. Likewise,
Ramdin et al. reported that urinary KIM-1 exhibited
promising diagnostic performance for identifying
renal injury in women with preeclampsia. Kamel
et al. further suggested that urinary KIM-1 reflects
proximal tubular injury and may provide additional
information beyond conventional renal function tests.
Collectively, these findings support the potential role
of urinary KIM-1 as an early biomarker of kidney
injury in hypertensive disorders of pregnancy.

195

VOLUME 25, ISSUE 3, JULY - SEPTEMBER 2026



Djalika et af

The biological mechanism underlying elevated
urinary KIM-1 levels in severe preeclampsia is closely
related to placental ischemia and systemic endothelial
dysfunction. Inadequate trophoblastic invasion and
impaired remodeling of the spiral arteries lead to pla-
cental hypoperfusion and oxidative stress, resulting
in the release of inflammatory cytokines and antian-
giogenic factors into the maternal circulation. These
mediators impair renal microvascular perfusion and
induce ischemic injury of proximal tubular epithelial
cells. Under these conditions, KIM-1 expression is
markedly upregulated, and its extracellular domain
is shed into the urine, making it a sensitive indicator
of ongoing tubular injury before conventional renal
function markers become abnormal.

In this study, urinary KIM-1 levels were positively
correlated with both systolic and diastolic blood
pressure, suggesting that greater hypertension is
associated with more pronounced renal tubular
injury. Increasing blood pressure may aggravate
renal ischemia through endothelial dysfunction and
altered renal hemodynamics, thereby promoting
tubular epithelial damage. Higher urinary KIM-1
concentrations were also observed among over-
weight women and in preterm pregnancies, indicating
that maternal metabolic status and earlier disease
onset may contribute to greater renal injury. Obe-
sity is recognized as a pro-inflammatory condition
characterized by chronic low-grade inflammation
and oxidative stress, both of which may exacerbate
endothelial dysfunction in preeclampsia. Similarly,
preterm preeclampsia is generally associated with
more severe placental dysfunction and systemic
maternal disease than term preeclampsia.

An important finding of the present study is that
urinary KIM-1 levels were elevated despite the ab-
sence of significant differences in conventional renal
biomarkers, namely serum urea and creatinine. This
observation suggests that tubular injury may pre-
cede detectable impairment of glomerular filtration,
highlighting the greater sensitivity of urinary KIM-1
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for identifying early renal involvement. Therefore,
urinary KIM-1 may complement conventional labo-
ratory tests by detecting subclinical kidney injury
before irreversible renal dysfunction develops.
The present study has several strengths. First, it
evaluated urinary KIM-1 as a non-invasive biomarker
in women with severe preeclampsia using a standard-
ized ELISA method. Second, correlations between
urinary KIM-1 and multiple clinical parameters were
analyzed, providing additional evidence regarding its
clinical relevance. Nevertheless, several limitations
should be acknowledged. The cross-sectional design
precludes causal inference, the study was conducted
at a single tertiary referral center, and the sample
size was relatively modest. Furthermore, only uri-
nary KIM-1 was evaluated without comparison with
other emerging renal biomarkers such as neutrophil
gelatinase-associated lipocalin (NGAL) or cystatin C.
Overall, the findings indicate that urinary KIM-1 is
significantly associated with severe preeclampsia and
clinical indicators of disease severity. Measurement of
urinary KIM-1 may improve the early identification of
renal tubular injury and contribute to risk stratification
in women with severe preeclampsia. Future multi-
center prospective studies with larger populations are
warranted to validate these findings and determine
clinically applicable diagnostic cut-off values.

Conclusion

Urinary Kidney Injury Molecule-1 (KIM-1) levels
were significantly higher in women with severe pre-
eclampsia than in normotensive pregnancies and were
positively associated with systolic and diastolic blood
pressure. These findings indicate that urinary KIM-1 is
associated with renal tubular injury and disease sever-
ity in severe preeclampsia. As a non-invasive biomarker,
urinary KIM-1 may complement conventional renal
function tests by facilitating the early detection of renal
involvement. Further prospective multicenter studies
with larger sample sizes are warranted to validate its
diagnostic and prognostic value in clinical practice.
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