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Abstract

Urinary tract infections are among the most common bacterial infections in women and may be
associated with inflammatory responses and changes in kidney function. The aim of this study was to
evaluate the level of neutrophil gelatinase-associated lipocalin (NGAL) in the serum of women with
urinary tract infections and to examine its relationship with certain indicators of kidney function
compared to healthy women. The study included a group of women with urinary tract infections and a
control group of healthy women. Serum NGAL levels were measured along with urea, creatinine,
estimated glomerular filtration rate (eGFR), sodium, and potassium.

The results showed a statistically significant increase in NGAL levels in women with urinary tract
infections compared to the control group (p<0.05). Significant changes were also observed in some
markers of kidney function, including elevated urea levels and decreased estimated glomerular
filtration rate (eGFR), sodium, and potassium levels in the patients, while creatinine levels did not show
a significant difference between the two groups. Correlation analysis also showed no statistically
significant relationship between NGAL levels and any of the renal parameters studied. ROC curve
analysis demonstrated acceptable diagnostic performance of NGAL in distinguishing between women
with urinary tract infections and healthy women, with an area under the curve (AUC = 0.744), a
sensitivity of 61.1%, and a specificity of 83.3%.

These results suggest that serum NGAL may be a useful biomarker reflecting the inflammatory
response associated with urinary tract infections in women and may contribute to the diagnostic
evaluation alongside other clinical and laboratory markers. In the general urine examination method,
chemical and microscopic examination tapes were used to confirm the infection of urinary tract
infections in women with clinical symptoms identical to the examination results.

Keywords: Urinary tract infection in women, serum NGAL, renal function, urea, creatinine, estimated
glomerular filtration rate, sodium, potassium

1. Introduction

Urinary tract infection (UTI) is one of the most common bacterial infections of the urinary
system and represents an important health problem, especially in women [ 2. The urinary
system consists of the kidneys, ureters, bladder, and urethra. The infection may affect the
lower part of the urinary system, such as cystitis, or the upper part, such as pyelonephritis,
which may be associated with negative effects on kidney function [*:35 22 Infection rates are
higher in women than in men due to anatomical and physiological factors, most notably the
shortness of the female urethra and its proximity to the vagina and rectum, which facilitates
the transmission of bacteria to the bladder [ 2. Recurrent urinary tract infections are also a
common problem and are usually defined as more than two symptomatic episodes within six
months or more than three episodes within one year [> 61,

The most common pathogens of urinary tract infections include Escherichia coli, Klebsiella
pneumoniae, Proteus mirabilis, Pseudomonas aeruginosa, Staphylococcus aureus,
Enterococcus faecalis, Staphylococcus saprophyticus, and Candida spp. [ 2 31-33. 48],
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Patterns of bacterial isolates may vary depending on
population  characteristics, clinical conditions, and
laboratory methods used [0 461 The infection usually
begins with colonization of the area surrounding the urethra
and then the rise of pathogens into the bladder, and in some
cases may extend to the kidneys, causing pyelonephritis 2
221 The likelihood of recurrent or complicated infections is
also increased in the presence of risk factors such as urinary
tract obstruction, kidney stones, urinary catheterization,
diabetes, pregnancy, vesicoureteral reflux, neurogenic
bladder, immunosuppression, kidney transplantation, and
chronic kidney disease [> 16 26. 28-30. 40]

Kidney injury is of particular importance in cases of urinary
tract infections, as recurrent, ascending, or complicated
infections may affect glomerular filtration rate, renal tubule
function, and regulation of electrolyte balance [>22,
Previous studies have shown changes in kidney function
indicators, including creatinine, urea, sodium, and
potassium, in patients with severe urinary tract infections or
pyelonephritis, reflecting the possibility that kidney function
may be affected during infection 1921221,

Neutrophil gelatinase-associated lipocalin (NGAL), also
known as lipocalin-2, is a protein belonging to the lipocalin
family and is secreted from neutrophils, renal tubular
epithelial cells, and a number of other immune cells in
response to inflammation or tissue injury "', This protein
plays an important role in innate immunity by binding to
bacterial siderophores and reducing the availability of iron
necessary for bacterial growth [ 8 10171 |n addition, NGAL
is an early biomarker of renal tubular injury, as it may rise
before obvious changes in blood creatinine levels appear [*-
12,201 1t has been evaluated in many pathological conditions,
including acute renal injury, chronic kidney disease, diabetic
nephropathy, kidney transplantation, vesicoureteral reflux,
and urinary tract infections [6-161,

Although most previous studies have focused on measuring
NGAL in urine [6 7. 14 16 40 'measuring it in serum may
provide additional information about the systemic
inflammatory response and renal tubular stress [& 1% 13 15,
Therefore, assessing serum NGAL levels in conjunction
with conventional renal function indices, including urea,
creatinine, estimated glomerular filtration rate (eGFR),
sodium, and potassium, may contribute to a more
comprehensive picture of the inflammatory and renal
changes associated with urinary tract infections.
Accordingly, this study aimed to evaluate serum NGAL
levels and some renal function parameters, including urea,
creatinine, estimated glomerular filtration rate (eGFR),
sodium, and potassium, in women with urinary tract
infections compared to a healthy group. The study also
aimed to determine the relationship between NGAL and
kidney function indicators and evaluate the diagnostic
performance of NGAL in blood serum using receptor
operational properties curve (ROC) analysis.

2. Materials and working methods

2.1 Study design and participants

This case-type study -witness (Case-Control) was conducted
during the period from December 2025 to February 2026.
The study included 90 women aged 18-50 years, with 60
patients diagnosed with urinary tract infections and 30
healthy women as a control group. The patients were
selected from the consulting clinics at Al Amal Hospital for
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Women and Children, and the diagnosis was confirmed by
specialist doctors. The control group was matched to the
patient group in terms of age.

2.2 Inclusion and exclusion criteria

The study included women with clinically confirmed
urinary tract infections. Women with diabetes, chronic
kidney or liver disease, autoimmune disorders, acute
inflammatory conditions, or malignancies, as well as
smokers who had used anti-inflammatory or antioxidant
medications during the three months prior to the study, were
excluded.

2.3 Sample collection

5 ml of venous blood was collected from all participants
after a night fast. Samples were left to coagulate at room
temperature and then centrifuged at 3000 rpm for 10
minutes. The serum was separated and stored at -32°m3 for
analysis.

2.4 Biochemical measurements

Serum concentration of neutrophil gelatinase-associated
lipocalin (NGAL) was measured using enzyme-linked
immunoassay (ELISA) technology according to the
manufacturer's instructions Human NGAL ELISA Kit,
Sunlong Biotech Co., Ltd., China. Concentrations of urea,
creatinine, sodium, and potassium were also measured using
standard laboratory methods, and the estimated glomerular
filtration rate (eGFR) was calculated depending on the
serum creatinine level (192224251,

2.5 Statistical analysis

Statistical analysis was performed using SPSS software, and
the results were presented in meantstandard deviation
format. The comparison test between the two groups was
used to evaluate statistical differences at a significance level
(P <0.05). Pearson's correlation coefficient was also used to
study the relationship between NGAL level and renal
function indices, and receiver operating characteristic curve
(ROC) analysis was performed to evaluate the diagnostic
value of NGAL, calculating area under the curve (AUC),
sensitivity, specificity, and best cut-off point.

3. Results and discussion

3.1 Serum NGAL level in women with UTIs who are
healthy

The serum NGAL level as shown in Table (1) and Figure
(1) was significantly higher in women with UTIs compared
to healthy women. The average serum concentration of
NGAL was (230.52+42.25 pg/ml) in women with UTIs
versus (188.01+33.20 pg/ml) in healthy women. Different
letters in the statistical comparison indicate a significant
difference between the two groups. This increase may
reflect activation of inflammatory and innate immune
pathways during a UTI. NGAL protein is produced by
neutrophils and epithelial cells during infection and is also
secreted from renal tubule cells in stressful situations -1,
Its ability to bind to bacterial siderophores and restrict
bacterial iron absorption is attributed to its role in
antibacterial defense [& 10 171 Therefore, elevated serum
NGAL levels in women with urinary tract infections may
reflect systemic inflammatory activation and possibly
infection-related renal tubule stress.
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Table 1: Shows the level of NGAL and the level of other biochemical variables in patients compared to the control group

Parameters Control Mean+SD Patients Mean+SD P-value Significance
NGAL 188.01+33.20 b 230.52+42.25 a
Urea 22.510+6.522 25.080+5.951 <0.05 *
eGFR 130.970+8.302 125.110+10.949 <0.01 *x
Creatinine 0.549+0.096 0.564+0.091 > 0.05 NS
K* 3.724+0.201 3.439+0.546 <0.001 *x
Na* 140.540+3.245 138.740+2.588 <0.01 *x
* p<0.05, ** P <0.01, NS: Non-significant
Difference in letters and statistical significance
This finding is consistent with previous studies that have 140 130.970
shown elevated NGAL levels in urinary tract infections, ' 125.110
pyelonephritis, recurrent urinary tract infections, and kidney — 120
injury [6 711161 | ju and colleagues reported that persistently =
elevated urinary NGAL levels after antibiotic treatment may © 100
predict recurrence or persistence of urinary tract infections -
in women [, Pamuk and colleagues also reported that E 80
NGAL levels were higher in children with urinary tract =
infections and pyelonephritis and may help differentiate E 60
between upper and lower urinary tract infections [, =
Although these studies mainly evaluated the level of NGAL 40
in urine or plasma, the current study supports the benefit of % 20
serum NGAL as a hematological biomarker in women with
UTls. 0
Control Patients

250 230.52
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Fig 1: Shows the NGAL level in patients compared to the healthy
control group™
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Fig 2: Shows the urea level in patients compared to the healthy

Fig 3: Shows the eGFR level in patients compared to the healthy
control group
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Fig 4: Shows the creatinine level in patients compared to the
healthy control
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Fig 5: Shows the K level in patients compared to the healthy
control group
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Fig 6: Shows the Na level in patients compared to the healthy

Table 2: shows Pearson correlation coefficients between lipocalin
(NGAL) and the variables studied.

NGAL variable r(Pearson) p(2-tailed) | N
1 Urea -0.217 0.387 90
2 eGFR 0.322 0.192 90
3 Creatinine -0.456 0.057 90
4 K+ 0.444 0.065 90
5 Na+ -0.074 0.771 90

** Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
r. Pearson correlation

p. Sig. (2-tailed)

N. number of samples

Table 3: Shows the ROC analysis of NGAL for patients and

healthy patients
Parameters|Cut off|Sensitivity % |Specificity %|AUC|P-value
NGAL | >214 61.1 83.3 0.744| 0.004
NGAL
100 |-
8o |-
Z  eol
= -
= i
2 i
P 40?
20
i AUC = 0.744
| P = 0.004
o v T
o 20 40 60 80 100
100-Specificity

Fig 7: represents the ROC curve for NGAL for sick and healthy
patients

3.2 Serum urea level in healthy women with UTIs.

The serum urea level, as shown in Table (1) and Figure (2),
increased significantly in women with urinary tract
infections compared to healthy women. The average urea
level was 25, 080+5, 951 mg/dL. The average urea level in
women with urinary tract infections was 22, 51046, 522
mg/dL in healthy women with a p -value < 0.05.
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Urea is a traditional indicator of kidney function as it
reflects the kidneys' excretion of nitrogenous waste, protein
metabolism, and hydration status [*% 24 251 A slight, albeit
statistically significant, rise in urea levels in women with
urinary tract infections may indicate renal functional stress,
impaired processing of nitrogenous waste, or infection-
related changes in hydration and metabolism. Previous
studies have indicated that renal dysfunction and chronic
renal failure are associated with high levels of urea and
creatinine in the blood * 21, Hussein and colleagues also
reported higher urea levels in patients with urinary tract
infections and autoimmune thyroid diseases compared to
control groups, suggesting that urinary tract infections may
contribute to impaired kidney function when combined with
systemic diseases [?. However, the increase in urea levels
in this study was slight and the mean remained within the
limited clinical range. This suggests that women with
urinary tract infections in this study may have experienced
early or minor renal functional changes rather than advanced
renal failure.

3.3 Estimated glomerular filtration rate (eGFR) in
women with urinary tract infections who are healthy

The estimated glomerular filtration rate as shown in Table
(1) and Figure (2) (eGFR) was significantly lower in women
with urinary tract infections compared to healthy women.
The estimated average glomerular filtration rate was 125,
110£10, 949 ml/min/1.73 m2 in women with urinary tract
infections versus 130, 97048, 302 ml/min/1.73 m2 in healthy
people with a p value < 0.01. Although the estimated
average glomerular filtration rate remained within the
normal range, the decrease was statistically significant and
may indicate an early renal functional response to infection.
Previous studies have reported that severe urinary tract
infections, urinary tract infections requiring hospitalization,
and pyelonephritis may be associated with kidney
dysfunction or renal failure > 22, Experimental ascending
pyelonephritis has been associated with decreased creatinine
clearance, supporting the possibility that upper urinary tract
infection may affect renal filtration 122, In this study, a slight
decrease in estimated glomerular filtration rate (eGFR) may
reflect subclinical renal functional stress rather than renal
failure.

3.4 Serum creatinine in healthy, upper urinary tract
infections

Serum creatinine as shown in Table (1) and Figure (4) did
not show a statistically significant difference between
women with upper urinary tract infections and healthy
women. The average creatinine level was 0.564+0.091
mg/dL in women with upper urinary tract infections and
0.549+0.096 mg/dL in healthy people with a p value > 0.05.
Creatinine is widely used to evaluate kidney function and
estimate estimated glomerular filtration rate (eGFR) [,
Serum creatinine levels may remain unchanged during early
stages or minor renal stress and may be affected by muscle
mass, diet, age, gender, and medications 9. Studies
examining biomarkers of acute kidney injury confirm that
NGAL levels may be elevated before creatinine and may
better reflect renal tubule injury or renal inflammatory stress
[9.11. 12 Therefore, a marked increase in serum NGAL levels
despite no significant difference in creatinine levels may
indicate that NGAL is more responsive to inflammation or
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early tubular stress than creatinine in women with urinary
tract infections.

3.5 serum potassium in healthy women with urinary
tract infections

The serum potassium level as shown in Table (1) and Figure
(5) was significantly lower in women with urinary tract
infections compared to healthy women. The average
potassium level was 3.439+0.546 mmol/L in women with
urinary tract infections and 3.724+0.201 mmol/L in healthy
people with a p value < 0.001. Potassium is an essential
intracellular electrolyte and is involved in membrane
potential, neuromuscular activity, cardiac excitability,
acidity and alkalinity balance, and fluid and electrolyte
homeostasis 2. The kidneys play a key role in regulating
potassium through filtration, reabsorption, and excretion 2%
3. 371 Low potassium levels in women with urinary tract
infections may be associated with changes in renal tubule
processing, hydration status, diet, inflammatory response, or
physiological changes associated  with infection.
Experimental research on pyelonephritis has shown a
change in potassium processing during renal infection
although the direction and severity of potassium change may
vary depending on the severity of the infection and the
extent to which the kidneys are affected 22, Chronic kidney
disease guidelines also emphasize that the interpretation of
potassium levels depends on kidney function, diet,
medications, and compensation mechanisms [,

3.6 serum sodium in healthy women with urinary tract
infections

The serum sodium level as shown in Table (1) and Figure
(6) was significantly lower in women with urinary tract
infections compared to healthy women. The average sodium
level was 138, 740£2, 588 mmol/L in women with urinary
tract infections and 140, 540+3, 245 mmol/L in healthy
people with a p value < 0.01. Sodium is the main
extracellular cation and plays an essential role in
extracellular fluid balance, osmotic regulation, and blood
pressure control % The kidneys are the two main organs
responsible for sodium homeostasis. Low sodium levels in
women with urinary tract infections may be associated with
an inflammatory response, hydration status, water balance,
or a slight disturbance in renal tubule function. An
experimental study of pyelonephritis showed a decrease in
blood sodium levels and an increase in its excretion,
suggesting that renal infection may affect sodium
homeostasis [??. However, a small study did not show any
statistically significant association between low blood
sodium levels and the severity of UTI, suggesting that
sodium changes in UTlI may be variable and context-
dependent 231, In this study, sodium levels remained within
the physiological range, indicating a slight, statistically
significant but clinically slight decrease.

3.7 Relationship between serum NGAL and renal
function indices

Pearson correlation analysis as in Table (2) and Figure (2)
showed no statistically significant relationship between
serum NGAL and the kidney or electrolyte function
indicators studied. NGAL showed a weak negative
correlation with urea r = -0.217 p = 0.387 and a weak
positive correlation with estimated glomerular filtration rate
(eGFR) r = 0.322 p = 0.192 and a moderate negative
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correlation with creatinine r = -0.456 p = 0.057 and a
moderate positive correlation with potassium r = 0.444 p =
0.065 and a very weak negative correlation with sodium r =
-0.074 p = 0.771. These results suggest that the high serum
NGAL level in this study may be more closely related to
activation of inflammation or early renal tubular stress than
to known changes in conventional renal function indicators.
This explanation is consistent with the biological role of
NGAL as a marker associated with inflammation and renal
tubule injury 2. The absence of statistically significant
associations with relatively low creatinine values and
estimated glomerular filtration rate (eGFR) in the women
included in the study can also be explained.

3.8 ROC curve analysis of serum NGAL level

Analysis of the ROC curve as in Table (3) and Figure (7)
showed that serum NGAL level has acceptable diagnostic
performance in distinguishing between women with urinary
tract infections and healthy women. The area under the
curve was 0.744 with a value of p = 0.004. At a cut-off
value >214 pg/ml, serum NGAL levels showed a sensitivity
of 61.1% and a specificity of 83.3%.

This area under the curve value indicates average diagnostic
accuracy. The relatively high specificity suggests that serum
NGAL may be useful as an adjunctive marker for
identifying inflammatory changes associated with UTI in
women. However, moderate sensitivity suggests that serum
NGAL should not be used as the sole diagnostic marker.
Rather, it should be interpreted in conjunction with clinical
findings, urine culture or urinalysis to confirm the diagnosis
of UTI, and serum renal function parameters. Previous
studies also support NGAL as a useful biomarker but
emphasize the need to interpret it in a clinical context
because it may be elevated in infections, inflammation,
acute renal failure, chronic kidney disease, diabetes, organ

transplantation, and other renal or systemic disorders [& 11 13-
16]

3.9 General interpretation

The current study showed a significant increase in serum
NGAL levels in women with UTIs, accompanied by
elevated urea levels and decreased estimated glomerular
filtration rate, sodium, and potassium. Creatinine levels did
not differ significantly between groups. This pattern
suggests that UTIs in women may be associated with
inflammatory activation and subtle changes in kidney or
electrolyte function without a significant increase in
creatinine levels. The results are consistent with previous
studies suggesting that NGAL may respond faster than
creatinine and may reverse inflammation or renal tubular
stress during infection [° 1. 12, The results also support the
importance of traditional kidney function tests and
electrolyte analyses in assessing the systemic and renal
effects of UT] [19-22.24,25],

Although many studies on NGAL have focused on urinary
NGAL, this study differs because it evaluated serum NGAL.
This distinction is important because serum NGAL may
reflect systemic inflammation and renal tubular stress while
urinary NGAL may directly reflect secretions from the
urinary tract epithelium or renal tubules [& 1 13 141 Serum
NGAL may therefore be useful as a supportive blood
biomarker in UTI research in women especially when
combined with urea, creatinine, estimated glomerular
filtration rate, sodium, and potassium.
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4. Conclusion

This study showed that women with UTIs had significantly
higher serum NGAL levels than healthy women. Urea levels
increased significantly while estimated glomerular filtration
rate (eGFR), potassium, and sodium decreased significantly
in women with urinary tract infections. Blood creatinine
levels did not show a statistically significant difference
between the two groups. The absence of statistically
significant associations between blood NGAL and
conventional renal function parameters suggests that NGAL
may reflect inflammatory activation or early renal tubule
stress rather than proven renal dysfunction. ROC curve
analysis showed that serum NGAL had acceptable
diagnostic performance with a subcurve area (AUC) of
0.744, sensitivity of 61.1%, specificity of 83.3%, and a cut-
off value of >214 pg/ml. Since all variables in this study
were measured using blood/serum samples and not urine
samples, serum NGAL can be considered a useful blood-
based supportive biomarker for assessing inflammatory
changes and kidney function associated with urinary tract
infections in women. Further studies in larger groups of
women, a clear separation between lower urinary tract
infection and pyelonephritis, and a detailed clinical
classification of the severity of infection are recommended.
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