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ABSTRACT

Background: In emergency settings, physicians frequently encounter critically ill patients with acute kidney injury
(AKI). This severe organ dysfunction leads to high morbidity and mortality, even post-discharge. To determine the
association between Heparin-binding protein (HBP) and sepsis-associated AKI, facilitating early AKI prediction and
intervention.

Methods: A cross-sectional prospective observational comparative study was conducted at K.P.S PG Institute of
Medicine, Kanpur, from June 2023 to July 2024. Patients aged 18 years and older, suspected of sepsis, were enrolled
and investigated for sepsis and AKI, along with serum heparin-binding protein.

Results: Baseline HBP levels were 5.222 (SD 3.046) in the non-AKI group and 11.979 (SD 5.972) in the AKI group.
An optimum HBP cut-off >8.28 was determined. HBP levels progressively increased with AKI severity: Stage I (7.392),
Stage II (10.842), and Stage III (19.623). The findings were statistically significant (F=51.854, p<0.001).

Conclusion: Sepsis-associated AKI patients had elevated HBP levels. The baseline cut-off of 8.28 aids in AKI
detection.
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INTRODUCTION

Sepsis is a life-threatening condition characterized by
organ dysfunction due to a dysregulated host response to
infection.! One common consequence is acute kidney
injury (AKI), defined as a sudden decline in glomerular
filtration rate, impairing waste elimination.” Sepsis and
AKI frequently co-occur in critical care settings,
contributing to 25-75% of global AKI cases.® Their
epidemiology is complicated by inconsistent definitions
and healthcare disparities. The pathophysiology of sepsis-
associated AKI (SA-AKI) involves inflammation,
complement activation, mitochondrial dysfunction, and
microcirculatory disturbance.* The prognosis is worse than
for sepsis or AKI alone and correlates with longer ICU
stays and higher mortality.> Timely identification is vital,
yet traditional biomarkers like serum creatinine lag in

detecting early renal insult.® Novel biomarkers like HBP,
released from neutrophil granules, show promise for early
AKI detection.” HBP increases endothelial permeability,
promotes inflammation, and halts the cell cycle,
contributing to AKI pathogenesis.®

Ischemic and inflammatory mechanisms underlie SA-
AKI, with maintained or increased renal blood flow
contradicting earlier ischemia models.” Innate immune
activation via Toll-like receptors exacerbates kidney injury
through cytokine release.'%!!

Aim

To study and establish heparin-binding protein as a new
biomarker for acute kidney injury related to sepsis.
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Objective

To determine the association of plasma HBP level with the
development of sepsis-induced AKI.

METHODS

Medicine, K.P.S. Post Graduate Institute of Medicine,
GSVM Medical College, Kanpur, from June 2023 to July
2024. Patients presenting to the emergency department
with clinical suspicion of sepsis (as per Sepsis 3.0
guidelines) were included.

Study method

The study was conducted at Post Graduate KPS Institute
of Medicine GSVM Medical College Kanpur from
December 2022 to May 2022. All the patients fitting
inclusion and exclusion criteria attending medicine
emergency were evaluated for the study. After written
informed consent, history and thorough clinical
examination were done and patients were then investigated
for sepsis & AKI along with serum Heparin-binding
protein was measured at baseline and after 72 hours of
admission.

Patients were closely monitored for the development and
worsening or improvement of AKI during the hospital
stay. All other parameters were recorded according to the
preset working proforma and monitored over the period of
hospital stay.

Inclusion criteria

Patients aged 18 years and above who exhibited signs of
sepsis, such as altered body temperature (>38°C or
<36°C), heart rate >90 bpm, respiratory rate >20
breaths/min or PaCO2 <32 mmHg, and abnormal white
blood cell count (>12,000/mm? or <4,000/mm?* or >10%
band forms), were enrolled after providing written
informed consent.

Exclusion criteria

Patients were excluded if they were under 18 or over 70
years of age, had received antibiotics within 24 hours prior
to admission, or had pre-existing conditions including
chronic kidney disease, hematologic malignancy, chronic
infections like tuberculosis, or immunodeficiency.

Individuals on immunosuppressive or heparin therapy
within the previous 3 days, as well as those requiring
immediate dialysis or who expired within 24 hours, were
also excluded.

Statistical analysis
Data was entered into MS Excel and analyzed using SPSS

v21.0. Continuous variables were expressed as mean+SD
or median (IQR), and categorical data as percentages.

Intergroup differences were assessed using t-tests,
ANOVA, and Chi-square tests as applicable. Pearson
correlation was used to explore continuous variable
associations. A p value <0.05 was considered statistically
significant.

RESULTS

A total of 100 patients who were more than 18 years of age
were analyzed in this study.

The distribution of ages among the study cases showed that
18 individuals (18.0%) were aged 18 to 30 years, 11
individuals (11.0%) were aged 31 to 40 years, 12
individuals (12.0%) were aged 41 to 50 years, 19
individuals (19.0%) were aged 51 to 60 years, 20
individuals (20.0%) were aged 61 to 70 years, and another
20 individuals (20.0%) were over 70 years old. The mean
age was 54.11 years with a standard deviation of 18.94
years.

Table 1: Distribution of cases according to age.

Age (in years) ~ No. | % |
18-30 18 18.0

31-40 11 11.0

41-50 12 12.0

51-60 19 19.0

61-70 20 20.0

>70 20 20.0
Mean+SD 54.11£18.94 year

Table 2: Distribution of cases according to sex.

Sex ~No. % |
Male 53 53.0
Female 47 47.0

AKI “No. %
Not present 9 9.0
Present 91 91.0

The gender distribution of cases found that 53% were male
(53 participants) and 47% were female (47 participants)
(Table 2). The occurrence of acute kidney injury (AKI)
among the cases shows that it was not present in 9% (9
individuals) of the cases, while a significant majority, 91%
(91 individuals), experienced AKI.

In our study, various markers were analyzed in participants
with and without acute kidney injury (AKI) using an
unpaired t-test. It was found that Sequential Organ Failure
Assessment (SOFA) score had a mean of 5.9 (SD=3.0) in
those without AKI and 7.5 (SD=2.9) in those with AKI.
The t value for SOFA was -1.6 with a p value of 0.114,
indicating no significant difference statistically. For
heparin-binding protein (HBP) at baseline (0 hours), the
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mean was 5.222 (SD=3.046) in the non-AKI group and
11.979 (SD=5.972) in the AKI group.

The t value was 3.340 with a p value of 0.001, showing a
statistically significant difference. HBP at 72 hours had a
mean of 3.78 (SD=1.53) in those without AKI and 5.41
(SD=3.46) in those with AKI. The t value was -2.60 with
a p value of 0.018, indicating a statistically significant
difference. C-reactive protein (CRP) levels at 0 hours had
a mean of 44.52 (SD=35.67) in the non-AKI group and
76.38 (SD=49.93) in the AKI group. The t value was -2.45
with a p value of 0.031, showing a statistically significant
difference. C-reactive protein (CRP) levels at 72 hours had
a mean of 38.21 (SD = 28.24) in the non-AKI group and
68.32 (SD=41.22) in the AKI group. The t value was -2.71
with a p value of 0.022, showing a statistically significant
difference.

Procalcitonin levels had a mean of 1.287 (SD=1.053) in
those without AKI and 11.137 (SD=25.053) in those with
AKI. The t value was -3.717 with a p value of less than
0.001, indicating a highly significant difference. The study
conducted ROC (Receiver Operating Characteristic)
analysis to estimate the optimum cut-off values in
detecting Acute Kidney Injury (AKI). The markers
analyzed included HBP (Heparin-Binding Protein) at two
time points (0 and 72 hours) (Table 5). For HBP at time 0,
the area under the ROC curve (AUROC) was 0.860, with
a 95% confidence interval (CI) ranging from 0.745 to
0.975, indicating excellent diagnostic accuracy. The
optimum cut-off for detecting AKI was determined to be
HBPO0 >8.28. At this cut-off, the sensitivity was 72.5% (CI:

63.7% to 81.3%) and the specificity was 88.9% (CI: 82.7%
to 95.1%). HBP at 72 hours showed a lower AUROC of
0.612 (CI: 0.464 to 0.760), reflecting moderate diagnostic
accuracy. The optimum cut-off for AKI at this time point
was HBP72>6.22, with a sensitivity of 33% (CI: 23.8% to
42.2%) and a perfect specificity of 100% (CI: 100.0% to
100.0%).

The analysis of variance (ANOVA) for various markers
across different stages of acute kidney injury (AKI) shows
the following results. The sequential organ failure
assessment (SOFA) score had a mean of 5.9 with a
standard deviation (SD) of 3.0 for patients with no AKI, a
mean of 7.6 (SD 3.4) for Stage I, a mean of 7.7 (SD 2.7)
for Stage II, and a mean of 7.1 (SD 2.9) for Stage III, with
an F value of 1.0 and a p value of 0.393.

Heparin-binding protein (HBP) levels at baseline showed
significant differences, with means of 5.222 (SD 3.046) for
no AKI, 7.392 (SD 2.940) for Stage I, 10.842 (SD 3.411)
for Stage 11, and 19.623 (SD 5.421) for Stage 111, yielding
an F-value of 51.854 and a p-value of less than 0.001. At
72 hours, HBP levels had means of 3.78 (SD 1.53) for no
AKI, 4.19 (SD 3.57) for Stage I, 5.20 (SD 3.04) for Stage
I, and 7.27 (SD 3.50) for Stage III, with an F value of 4.53
and a p value of 0.005. C-reactive protein (CRP) levels at
baseline were also significantly different, with means of
44.52 (SD 35.67) for no AKI, 68.39 (SD 38.33) for Stage
1, 83.18 (SD 56.29) for Stage 11, and 101.23 (SD 60.42) for
Stage 111, resulting in an f value of 2.54 and a p value of
0.030.

Table 4: Association of SOFA, HBP, and other Markers with AKI.

Not present  Present _ Unpaired ttest E.ffect

Mean SD Mean SD T value P value _ S
SOFA 5.9 3.0 7.5 2.9 -1.6 0.114 0.554
HBP AT 0 5.222 3.046 11.979 5.972 -3.340 0.001 1.425
HBP AT 72 3.78 1.53 5.41 3.46 -2.60 0.018 0.610
CRP AT 0 44.52 35.67 76.38 49.93 -2.45 0.031 0.734
CRP AT 72 38.21 28.24 68.32 41.22 -2.71 0.022 0.512
Procalcitonin 1.287 1.053 11.137 25.053 -3.717 <0.001 0.556

Table 5: ROC analysis to estimate optimum cut-off and comparative efficiency of markers for detecting AKI.

| Marker Parameter Value 95% CI lower 95% CI upper

AUROC 0.860 0.745 0.975
Optimum cut-off for AKI HBPO > 8.28

HBP AT 0 Sensitivity 72.5 63.7 81.3
Specificity 88.9 82.7 95.1
AUROC 0.612 0.464 0.760
Optimum cut-off for AKI HBP72 > 6.22

HBP AT 72 Sensitivity 33 23.8 42.2
Specificity 100 100.0 100.0
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Table 6: Association of SOFA, HBP, and other markers with stages of AKI.

Stages of AKI
Markers

Mean SD Mean SD Mean
SOFA 59 3.0 7.6 34 7.7
HBP AT 0 5222 3.046 7.392 2.940 10.842

HBP AT 72 3.78 1.53 4.19  3.57 5.20

CRP AT O 44.52 3567 58.17 3420 77.93
CRP AT 72 3821 28.24 68.39 38.33 83.18
Procalcitonin  1.287 1.053 9.435 23.449 9.734

C-reactive protein (CRP) levels at 72 hours were also
significantly different, with means of 38.21 (SD 28.24) for
no AKI, 58.17 (SD 34.20) for Stage I, 77.93 (SD 51.44)
for Stage II, and 94.85 (SD 56.83) for Stage III, resulting
in an f value of 3.60 and a p-value of 0.016. Procalcitonin
levels had means of 1.287 (SD 1.053) for no AKI, 9.435
(SD 23.449) for Stage I, 9.734 (SD 21.966) for Stage 11,
and 15.893 (SD 32.234) for Stage III, with an F value of
0.832 and a p value of 0.479.

DISCUSSION

Our study demonstrated a significant association between
elevated serum HBP levels and the presence and severity
of AKI in patients with sepsis. The baseline HBP value
was significantly higher in the AKI group (mean 11.979)
compared to the non-AKI group (mean 5.222), with a
statistically significant difference (p=0.001). Moreover,
HBP levels showed a graded increase with AKI stage,
affirming its utility in predicting severity. This finding is
comparable to that of Pajenda et al who observed elevated
plasma HBP in AKI patients, suggesting its diagnostic
value with a different cut-off.'?

Findings are consistent with emerging literature on the role
of heparin-binding protein (HBP) as an early biomarker in
sepsis and its complications, particularly acute kidney
injury (AKI). Johansson et al, demonstrated that elevated
HBP levels at presentation in the emergency department
were associated with progression to severe sepsis and
subsequent organ dysfunction, underscoring its predictive
value. This is corroborated by Sunden-Cullberg et al who
reported a strong correlation.'>!4

Bentzer et al provided mechanistic insights, revealing that
HBP contributes to vascular leakage by inducing
endothelial cytoskeletal rearrangements, a central process
in the pathogenesis of sepsis-induced AKI. Linder et al
further confirmed the diagnostic utility of HBP in the
context of severe infections, though their study focused on
meningitis. Importantly, Krag et al highlighted HBP's
diagnostic superiority over traditional inflammatory
markers such as CRP and procalcitonin.!>!7 Together,
these findings support the potential integration of HBP into

Stage I1

Stage 111

SD Mean SD F value P value
2.7 7.1 2.9 1.0 0.393
3411 19.623 5.421 51.854 <0.001
3.04 7.27 3.50 4.53 0.005
51.44  94.85 56.83 3.60 0.016
56.29 101.23 60.42 2.54 0.030
21.966 15.893 32.234 0.832 0.479

early diagnostic protocols for septic AKI, where timely
recognition is crucial for intervention and prognosis.

Fisher et al also demonstrated significantly raised HBP
levels in patients with sepsis-induced AKI, supporting its
role as a causative biomarker. Their study identified
HBP’s potential in identifying patients requiring renal
replacement therapy.'® In our cohort, CRP and
procalcitonin also correlated with AKI presence, but HBP
had superior diagnostic performance (AUROC=0.860).
This supports HBP as a more specific early biomarker
compared to traditional inflammatory markers. Our
findings reinforce that HBP can serve both as a diagnostic
and prognostic marker in sepsis-induced AKI, enabling
early intervention and improving outcomes.

The limitation of this study lies in its single-center nature
and limited sample size (n=100), which may limit
generalizability to broader populations. Furthermore, the
study did not assess long-term renal outcomes post-
discharge.

CONCLUSION

Heparin-binding protein levels are significantly elevated in
patients with sepsis-associated AKI. An HBP threshold
>8.28 at baseline effectively predicts AKI. Levels also
correspond with AKI stage severity, suggesting HBP's
potential as both a diagnostic and staging tool.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee

REFERENCES

1. Singer M, Deutschman CS, Seymour CW, Shankar-
Hari M, Annane D. The third international consensus
definitions for sepsis and septic shock (Sepsis-3).
JAMA. 2016;315(8):801-10.

2.  Alseiari M, Meyer KB, Wong JB. Evidence
underlying KDIGO (kidney disease: Improving
Global Outcomes) guideline recommendations: a
systematic review. American J Kidney Dis.
2016;67(3):417-22.

International Journal of Advances in Medicine | July-August 2025 | Vol 12 | Issue 4 Page 369



10.

11.

Das SR et al. Int J Adv Med. 2025 Jul;12(4):366-370

Hoste EA, Bagshaw SM, Bellomo R, Cely CM,
Colman R, Cruz DN, et al. Epidemiology of acute
kidney injury in critically ill patients: the
multinational AKI-EPI study. Int Care Med.
2015;41:1411-23.

Pajenda S, Ilhan-Mutlu A, Preusser M, Roka S,
Druml W, Wagner L. NephroCheck data compared
to serum creatinine in various clinical settings. BMC
Nephrol. 2015;16:1-7.

Tapper H, Karlsson A, Morgelin M, Flodgaard H,
Herwald H. Secretion of heparin-binding protein
from human neutrophils is determined by its
localization in azurophilic granules and secretory
vesicles. Blood, J Am Soc  Hematol.
2002;99(5):1785-93.

Stevens LA, Coresh J, Greene T, Levey AS.
Assessing kidney function—measured and estimated
glomerular filtration rate. New England J Med.
2006;354(23):2473-83.

Michels WM, Grootendorst DC, Verduijn M, Elliott
EG, Dekker FW, Krediet RT. Performance of the
Cockcroft-Gault, MDRD, and new CKD-EPI
formulas in relation to GFR, age, and body size. Clin
J Am Soc Nephrol. 2010;5(6):1003-9.

Gordon AC, Lagan AL, Aganna E, Cheung L, Peters
CJ, McDermott MF, et al. TNF and TNFR
polymorphisms in severe sepsis and septic shock: a
prospective multicentre study. Genes Immun.
2004;5(8):631-40.

Liu F, Yang H, Chen H, Zhang M, Ma Q. High
expression of neutrophil gelatinase-associated
lipocalin (NGAL) in the kidney proximal tubules of
diabetic rats. Adv Med Sci. 2015;60(1):133-8.

Al Jaberi S, Cohen A, D’Souza C, Abdulrazzaq YM,
Ojha S, Bastaki S. Lipocalin-2: Structure, function,
distribution and role in metabolic disorders. Biomed
Pharmaco. 2021;142:112002.

Latouche C, El Moghrabi S, Messaoudi S, Nguyen
DCA. Neutrophil gelatinase-associated lipocalin is a

12.

13.

14.

15.

16.

17.

18.

novel mineralocorticoid target in the cardiovascular
system. Hypert. 2012;59(5):966-72.

Pajenda S, Ilhan-Mutlu A, Preusser M, Roka S,
Druml W, Wagner L. NephroCheck data compared
to serum creatinine in various clinical settings. BMC
Nephrol. 2015;16:1-7.

Linder A, Arnold R, Zindovic M, Zindovic I, Lange-
Jendeberg A, Paulsson M, et al. Heparin-binding
protein improves prediction of severe sepsis in the
emergency department. Critical Care. 2013;17:1-59.
Chavalarias D, Cointet JP. Phylomemetic patterns in
science evolution the rise and fall of scientific fields.
PloS one. 2013;8(2):54847.

Bentzer P, Fisher J, Kong HJ. Heparin-binding
protein is important for vascular leak in sepsis. Int
Care Med Experim. 2016;4:1-6.

Linder A, Akesson P, Brink M, Studahl M, Bjérck L,
Christensson B. Heparin-binding protein: a
diagnostic marker of acute bacterial meningitis. Crit
Care Med. 2011;39(4):812-7.

Katsoras K, Renieris G, Safarika A, Adami EM,
Gkavigianni T, et al. Heparin-binding protein and
procalcitonin predict sepsis in an emergency
department setting: a prospective observational
study. Critical Care. 2015;19(1):337.

Fisher J, Tverring J, Vaara ST, Poukkanen M, Pettila
V, et al. Heparin-binding protein (HBP): A causative
marker and a potential target for heparin treatment of
human sepsis-induced acute kidney injury. Shock.
2017;48(3):313-20.

Cite this article as: Das SR, Babulal RKV, Gupta
AC, Giri R. Heparin-binding protein as a new
biomarker for acute kidney injury related to sepsis.
Int J Adv Med 2025;12:366-70.

International Journal of Advances in Medicine | July-August 2025 | Vol 12 | Issue 4 Page 370



