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Introduction
Accounting for 30-50%, renal dysfunction is not rare in
chronic heart failure (CHF), and is independently connected
with poor prognosis.1,2 However, renal function is generally
assessed by creatinine, which mainly reflects glomerular
filtration and is considered a correspondingly late indicator
of acute kidney injury (AKI).3 Heart failure (HF) can lead to
renal injury, and renal insufficiency leads to poor prognosis
in patients with CHF, creating a vicious cycle.2 Therefore,
early detection of patients with impaired renal function can
lead to positive treatment and improved clinical outcomes.

Kidney injury molecule-1 (KIM-1) is a transmembrane
protein secreted by renal tubular epithelial cells, and its
expression increases dramatically when renal tubular injury
occurs..4 KIM-1 is a specific marker of acute tubular injury
in renal biopsy.5,6 Tubular injury precedes glomerular injury

in CHF.7 Studies have shown that the enhancement of
serum creatinine and the decrease of glomerular filtration
rate (GFR) happen later than the enhancement of urinary
KIM-1, which is a specific indicator for the prediction and
early diagnosis of renal injury.8 Studies have shown that
urinary KIM-1 is clearly elevated in CHF group compared to
the control group.7 Elevated urinary KIM-1 level was the
strongest marker of renal deterioration in CHF.9 Higher
urinary KIM-1 concentration was independently connected
with HF risk,10,11 indicating the important role of tubular
injury in CHF.

The current study was planned to assess the ability of
urinary KIM-1 levels to predict rehospitalisation of CHF
patients within 90 days of discharge., and to explore the
factors influencing urinary KIM-1 levels.

Patients and Methods
The cross-sectional case-control study was conducted from
November 2020 to April 2021, at Hanzhong Central
Hospital, China, and comprised patients of ether gender
aged 18-80 years having CHF with normal renal function in
group A and healthy subjects in control group B. CHF
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patients had pro-B-type natriuretic peptide (pro-BNP)
>300pg/mL, shortness of breath and ankle oedema. Those
with poor treatment compliance, patients with renal
insufficiency, a history of persistent alcohol or drug abuse,
pregnancy, cancer, infection, uncontrolled hypertension
(HTN) or diabetes mellitus (DM) were excluded. All the
subjects signed informed consent after the study was
approved by the institutional ethics review committee. The
sample size was estimated using Power and Sample Size
(PASS) software and was inflated to account for a 20%
attrition rate and 95% confidence interval  (CI).8

The CHF patients had been treated with optimal anti-HF
therapy, including daily intravenous (IV) furosemide 20-
40mg, and oral beta blockers, sacubitril-valsartan and
spironolactone. The samples were collected at baseline,
and 1 week after treatment in the CHF group, and only at
baseline in the control group. Urinary KIM-1, urinary
creatinine, serum pro-BNP and other indicators were
assessed.

All group A patients received optimal medications after
discharge, including sacubitril-valsartan, betablockers,
spironolactone and furosemide. Patients were followed up
for 90 days by telephone after discharge to obtain patient
survival data from patients or relatives. The primary
outcome was rehospitalisation due to deterioration of
cardiac function within 90 days after discharge. No patient
was lost to follow-up.

Blood pressure (BP) was measured by a physician using an
electronic sphygmomanometer (HEM-9200T Omron Co.,
Ltd., Dalian, China). BP was measured when the subjects
were seated and had a 10-minute rest. BP was measured 3
times at 5-minute intervals and the average was calculated.

Blood samples were collected from the peripheral vein.
Additionally, the subjects were instructed to collect 5mL of
random mid-stream urine in a sterile cup. It was centrifuged
immediately at 3000 r/min for 15 minutes, and the serum
and urine specimens were frozen at -80oC until assays were
performed. Urinary KIM-1 levels were measured by
enzyme-linked immunosorbent assay (ELISA) using human
KIM-1 ELISA kit (Shanghai XinYu Biotechnology Co., Ltd,
Shanghai, China). The absorbance of the standard
substance and the concentration of the corresponding
sample were measured by using a microplate reader at
450nm. Serum pro-BNP levels were analysed using elycsys
pro-BNP II kits (Roche Diagnostics, Mannheim, Germany)
by electrochemiluminescence immunoassay. Urinary
creatinine, serum creatinine, serum urea nitrogen and
cystatin C (Cys-C) were measured on an autoanalyser
(Hitachi 7600, Tokyo, Japan). In order to adjust urinary
dilution and concentration, the urinary KIM-1 levels were

normalised to urinary creatinine levels (ng/gCr).

Data was analysed using SPSS 22. Normality of distribution
was assessed using the Shapiro-Wilk test. Continuous data,
when skewed, was expressed as median and interquartile
range (IQR), and as mean±standard deviation when
normally distributed. Categorical data was presented as
frequencies and percentages. Because of skewed
distribution of serum pro-BNP and urinary KIM-1 levels, a
natural log transformation (ln) was used, and the values
were normally distributed. Mann-Whitney U test and
student's t-test were used to compare skewed and
normally distributed variables, respectively. Linear
regression analysis was used to analyse the influential
elements of urinary KIM-1 at baseline in both groups. Cox
regression analysis was performed to explore the risk
elements of rehospitalisation within 90 days. The examined
variables included patient age, systolic blood pressure
(SBP), diastolic BP (DBP), serum pro-BNP and urinary KIM-1
levels before discharge. The variables that showed a
significant (0.1) univariate association were included in
multivariate analysis. P<0.05 was considered statistically
significant.

Results
Of the 102 subjects, 68(66.6%) were in group A; 44(64.7%)
males and 24(35.3%) females with mean age 62.38±9.51
years (Table 1). The remaining 34(33.3%) subjects were in
group B; 21(61.7%) males and 13(38.2%) females with
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Table-1: Demographics and baseline characteristics.

Parameters CHF group (n=68)

Demographics
Number (Male/Female) 68(44/24)
Age (Years) 62.38±9.51
NYHA class
Class III/ IV, n (%) 19(27.9)/49(72.1)
LVEF category
LVEF <40%, n (%) 33 (48.5)
LVEF 40%-50%, n (%) 11 (16.2)
LVEF≥50%, n (%) 24 (35.3)
Heart failure cause
ischaemic cardiomyopathy, n (%) 26 (38.2)
Dilated cardiomyopathy, n (%) 10 (14.7)
Heart valve disease, n (%) 14 (20.6)
Pulmonary heart disease, n (%) 9 (13.2)
Hypertensive heart disease, n (%) 8 (11.8)
Hypertrophic cardiomyopathy, n (%) 1 (1.5)
Medicationa
Beta-blocker, n (%) 27 (39.7)
ACEI or ARB, n (%) 48 (70.6)
Spironolactone, n (%) 40 (58.8)
Loop diuretic, n (%) 43 (63.2)

CHF: Chronic heart failure, ACEI: Angiotensin-converting enzyme inhibitor; ARB: Angiotensin II
receptor blocker, LVEF: Left ventricular ejection fraction, NYHA: New York Heart Association; a:
Medication used in patients with chronic heart failure in the two weeks prior to hospitalisation.
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mean age vs. 58.82±8.11 years
(p>0.05). There was no mortality
during the 90-day follow-up.

Compared to group B, serum Cys-C
(1.25±0.17 mg/L vs. 1.09±0.14 mg/L)
and pro-BNP (3564 pg/mL [IQR: 2427-
5033 pg/mL] vs. 47.6 pg/mL [IQR:
34.7-71.3 pg/mL] were significantly
raised (p<0.05) in group A. The
difference was not significant in terms
of SBP (123.97±10.7 mmHg vs.
125.91±8.3 mmHg), DBP (74.79±6.7
mmHg vs. 76.35±4.6 mmHg), serum
creatinine (0.77±0.113 mg/dl vs. 9.72
±0.16 mg/dl) and urea nitrogen

15.06±3,86 mg/dl vs 14.56±4.36mg/dl between the groups
(p<0.05).

Urinary KIM-1 levels were significantly higher in group A
than group B at baseline (480.7ng/gCr [IQR: 390.8-
672.5ng/gCr]) vs. 184.9 ng/gCr [IQR: 167.3-193.8 ng/gCr]
(p<0.001). At the time of discharge after 1 week of
treatment, urinary KIM-1 levels in group A were
significantly lower than that at baseline (480.7ng/gCr [IQR:
390.8-672.5ng/gCr] vs. 226.6 ng/gCr [IQR: 198.3-296.5
ng/gCr]) (p<0.001) (Figure 1).

Simple linear regression analysis showed that urinary KIM-
1 levels were significantly positively associated with serum
pro-BNP levels (unstandardised coefficient=0.414) in group
A (p<0.001), and significantly negatively associated with
SBP (unstandardised coefficient=-0.018) (p<0.001) and DBP
(unstandardised coefficient=-0.039 (p<0.001), and had no
significant correlation with serum creatinine, Cys-C and
urea nitrogen at baseline (p>0.05) (Table 2). Pearson's
correlation analysis showed that urinary KIM-1 level was
significantly positively correlated with pro-BNP level
(r=0.554, p<0.001 (Figure 2) and significantly negatively
correlated with SBP (r=0.-499, p<0.001 (Figure 3) and DBP
(r=-0.689, p<0.001 (Figure 4) in group A at baseline. 

Table-2: Univariable and multivariate linear regression analysis assessing the influence of different variables on urinary
KIM-1 levels at baseline.

Variable CHF Group(n=68) Control Group(n=34)
Univariable Multivariable Univariable Multivariable

β p-value β p-value β p-value β p-value

Age (Years) 0.001 0.843 NA NA -0.003 0.274 NA NA
BMI (kg/m2) -0.02 0.411 NA NA 0.012 0.268 NA NA
SBP (mmHg) -0.018 <0.001 -0.022 0.835 0.004 0.184 NA NA
DBP (mmHg) -0.039 <0.001 -0.554 <0.001 -0.002 0.667 NA NA
Serum UN (mmol/L) 0.04 0.244 NA NA 0.02 0.177 NA NA
Serum CRE (mmol/L) -0.001 0.794 NA NA -0.001 0.644 NA NA
Serum Cys-C (mg/L) 0.132 0.64 NA NA 0.14 0.408 NA NA
Ln pro-BNP (pg/mL) 0.414 <0.001 0.352 <0.001 0.052 0.29 NA NA

Adjusted R2=0.568

KIM-1: Kidney injury molecule-1, B: Unstandardised coefficient, β: Standardised coefficient, BMI: Body mass index, Cys-C, Cystatin-C,  CRE:
Creatinine, DBP: Diastolic blood pressure, Pro-BNP: Pro-B-type natriuretic peptide, SBP: Systolic blood pressure, UN: Urea nitrogen.

Figure-1: Comparison of urinary kidney injury molecule-1 (KIM-1) level between the groups at
baseline, and within the chronic heart failure (CHF) group before and after treatment.

◆ p<0.001 versus control
group; ★ p<0.001 versus
before discharge CHF group.

Figure-2: The correlation between urinary kidney injury molecule-1 (KIM-1) and pro-B-type
natriuretic peptide (pro-BNP) in chronic heart failure (CHF) group at baseline.

Figure-3: The correlation between urinary kidney injury molecule-1 (KIM-1) and systolic blood
pressure (SBP) in chronic heart failure (CHF) group at baseline.

Figure-4: The correlation between urinary kidney injury molecule-1 (KIM-1) and diastolic blood
pressure (DBP) in chronic heart failure (CHF) group at baseline.



Multiple linear regression analysis showed that urinary 
KIM-1 levels were significantly positively associated with
pro-BNP levels (standardised coefficient=0.352, p<0.001) in
group A, and significantly negatively associated with DBP
(standardised coefficient=-0.554, p<0.001), but not with
SBP (p>0.05). However, urinary KIM-1 levels were not
significantly associated with age, body mass index (BMI),
SBP, DBP, serum Cys-C, urea nitrogen, serum pro-BNP and
creatinine levels in group A at baseline (p>0.05).

There were 19(28%%) patients were rehospitalised due to
worsening HF within 90 days in group A. Univariate Cox
regression analysis showed that urinary KIM-1 levels
(hazards ration [HR]=1.01; 95% CI: 1.004-1.015; p=0.001)
and pro-BNP (HR=1.005; 95% CI: 1.002-1.008; p= 0.001) at
discharge after 1 week of treatment were associated with
rehospitalisation within 90 days (Table 3).

Multivariate Cox risk analysis showed that urinary KIM-1
levels (HR=1.008; 95% CI: 1.001-1.014; p=0.018) and pro-
BNP (HR=1.004; 95% CI: 1.0-1.007; p=0.026) before
discharge were significantly associated with
rehospitalisation within 90 days.

Discussion
Studies have shown that urinary KIM-1 levels are
significantly elevated in CHF.7,12,13 This is consistent with
the current findings. Milos Brankovic et al. showed that
higher baseline pro-BNP can predict more severe tubular
injury.14 Jungbauer CG et al. showed that urinary KIM-1 had
a positive connection with plasma pro-BNP in patients with
CHF.7 Kevin Damman et al. showed CHF patients with low
BP at baseline had a higher urinary KIM-1 levels.15 Similar
to such findings, the current study found that urinary KIM-
1 levels were significantly positively associated with
pro-BNP levels, and significantly negatively associated with
DBP, and not significantly associated with serum creatinine
in CHF at baseline. Pro-BNP is an indicator reflecting HF
severity, which may indicate that renal tubular injury is
related to CHF severity. Lower BP leads to reduced renal
perfusion, which leads to sustained kidney damage. In
addition, overactivation of the renin-angiotensin system in
CHF leads to renal vasoconstriction, resulting in ischaemic

damage to renal tubular epithelial cells, and the secretion
of KIM-1 is raised in the tubules.7

Kevin Damman et al. showed that urinary KIM-1 was
significantly raised after diuretic discontinuation in CHF,
and significantly decreased after the resumption of
furosemide.15 Similarly, the current study found that
urinary KIM-1 levels were significantly decreased in CHF
after furosemide therapy. This suggests that diuretic
therapy may affect tubular function by improving
volumetric status in CHF. In patients with CHF, volume,
renal venous congestion and central venous pressure
increased, while furosemide use resulted in a decrease in
central venous pressure accompanied by a decrease in
urinary KIM-1 levels.16 Therefore, urinary KIM-1 level
significantly decreased after furosemide diuretic therapy.

The prognosis of CHF relies on the degree of heart injury
and the severity of kidney injury.  CG Jungbauer et al.
reported that urinary KIM-1 was an important predictor of
HF rehospitalisation.7 Damman K et al. have shown that
renal tubule injury is connected with poor prognosis in CHF
patients even if GFR is normal.12 Brankovic M et al. reported
that urinary KIM-1 can predict the clinical outcome of
CHF.17 Emmens JE et al. presented that plasma KIM-1 can
predict rehospitalisation in acute HF.18 The current study's
findings were in line with all such studies. However, Grodin
JL et al. showed that serum KIM-1 was not associated with
poor prognosis in acute HF.19 Brown JR et al. reported that
urinary KIM-1 had no connection with rehospitalisation and
death after cardiac surgery.20 Verbrugge FH et al. showed
that urinary KIM-1 was a correspondingly mild predictor of
AKI in acute HF.21

There are two possible explanations for such contradictory
findings. First, the difference between the results of such
trials may be caused by the differences in study designs,
different follow-up periods, and specific characteristics of
the participants. Secondly, the studies on markers of renal
tubular injury in patients with CHF are almost
observational, with some potential confounding factors,
and the results are affected by differences in sample size
and urinary KIM-1 level measurement techniques among
the studies.

The current study has its limitations. First, there are various
markers of renal tubular injury, while the current study
analysed only urinary KIM-1 which may not fully reflect
renal tubular injury. Second, the small sample size of the
study reduced the statistical power of COX regression
analysis. 

Large randomised controlled trials are needed to validate
the current findings.
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Table-3: Univariable and multivariate linear regression analysis assessing the influence of
different variables on urinary KIM-1 levels at baseline.

Variable Univariable Multivariable
HR (95%CI) p-value HR (95%CI) p-value

Age (years) 1.035 (0.981 to 1.091) 0.206 NA NA
SBP (mmHg) 0.972 (0.933 to 1.013) 0.176 NA NA
DBP (mmHg) 0.946 (0.878 to 1.02) 0.148 NA NA
KIM-1 (ng/g Cr) 1.01 (1.004 to 1.015) 0.001 1.008 (1.001 to 1.014) 0.018
pro-BNP (pg/mL) 1.005 (1.002 to 1.008) 0.001 1.004 (1.0 to 1.007) 0.026

CHF: Chronic heart failure, HR: Hazards ration, CI: Confidence interval, DBP: Diastolic blood pressure, KIM-
1: Kidney injury molecule-1, Pro-BNP: Pro-B-type natriuretic peptide, SBP: Systolic blood pressure.
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Conclusion
Urinary KIM-1 levels before discharge were significantly
associated with rehospitalisation within 90 days due to
aggravation of HF, and DBP and serum pro-BNP levels were
the determinants of urinary KIM-1 levels at baseline.
Besides, urinary KIM-1 levels were significantly raised in
CHF.

Acknowledgement: We are grateful to all the study
subjects for their cooperation.

Disclaimer: None.

Conflict of Interest: None.

Source of Funding: The Research Foundation of Hanzhong
Central Hospital, China.

References 
1. Ruocco G, Palazzuoli A, Ter Maaten JM. The role of the kidney in acute

and chronic heart failure. Heart Fail Rev. 2020; 25:107-18. doi:
10.1007/s10741-019-09870-6.

2. McCullough PA, Amin A, Pantalone KM, Ronco C. Cardiorenal nexus:
A review with focus on combined chronic heart and kidney failure,
and insights from recent clinical trials.  J Am Heart Assoc. 2022;
11:e024139. doi:10.1161/JAHA.121.024139.

3. Desanti De Oliveira B, Xu K, Shen TH, Callahan M, Kiryluk K, D'Agati
VD, et al. Molecular nephrology: Types of acute tubular injury. Nat
Rev Nephrol. 2019; 15:599-612. doi: 10.1038/s41581-019-0184-x. 

4. Song J,  Yu J,  Prayogo GW,  Cao W,  Wu Y,  Jia Z, et al. Understanding
kidney injury molecule 1: A novel immune factor in kidney
pathophysiology. Am J Transl Res. 2019; 11:1219-29. www.ajtr.org
/ISSN:1943-8141/AJTR0088409. 

5. Yin W, Kumar T, Lai Z, Zeng X, Kanaan HD, Li W, et al. Kidney injury
molecule-1, a sensitive and specific marker for identifying acute
proximal tubular injury, can be used to predict renal functional
recovery in native renal biopsies. Int Urol Nephrol. 2019; 51:2255-65.
doi: 10.1007/s11255-019-02311-1.

6. Schmidt IM, Srivastava A, Sabbisetti V, McMahon GM, He J, Chen J,
et al. Plasma kidney injury molecule 1 in ckd: Findings from the
boston kidney biopsy cohort and cric studies. Am J Kidney Dis. 2022;
79:231-43.  doi:10.1053/j.ajkd.2021.05.013.

7. Jungbauer CG, Birner C, Jung B, Buchner S, Lubnow M, von Bary C,
et al. Kidney injury molecule-1 and n-acetyl-beta-d-glucosaminidase
in chronic heart failure: Possible biomarkers of cardiorenal syndrome.
Eur J Heart Fail. 2011; 13:1104-10. doi:10.1093/eurjhf/hfr102.

8. Khreba NA, Abdelsalam M, Wahab AM, Sanad M, Elhelaly R, Adel M,
et al. Kidney injury molecule 1 (kim-1) as an early predictor for acute
kidney injury in post-cardiopulmonary bypass (cpb) in open heart
surgery patients. Int J Nephrol. 2019; 2019:6265307. doi:10.1155/
2019/6265307.

9. Damman K, Masson S, Hillege HL, Voors AA, van Veldhuisen DJ,
Rossignol P, et al. Tubular damage and worsening renal function in
chronic heart failure. JACC Heart Fail. 2013; 1:417-24. doi:
10.1016/j.jchf.2013.05.007.

10. Carlsson AC, Larsson A, Helmersson-Karlqvist J, Lind L, Ingelsson E,
Larsson TE, et al. Urinary kidney injury molecule 1 and incidence of
heart failure in elderly men. Eur J Heart Fail. 2013; 15:441-6.
doi:10.1093/eurjhf/hfs187.

11. Driver TH, Katz R, Ix JH, Magnani JW, Peralta CA, Parikh CR, et al.
Urinary kidney injury molecule 1 (kim-1) and interleukin 18 (il-18) as
risk markers for heart failure in older adults: The health, aging, and
body composition (health abc) study. Am J Kidney Dis.2014; 64:49-
56. doi:10.1053/j.ajkd.2014.01.432.

12. Damman K, Masson S, Hillege HL, Maggioni AP, Voors AA, Opasich
C, et al. Clinical outcome of renal tubular damage in chronic heart
failure. Eur Heart J. 2011; 32:2705-12. doi:10.1093/eurheartj/ehr190. 

13. Fuhrman DY, Nguyen L, Hindes M, Kellum JA. Baseline tubular
biomarkers in young adults with congenital heart disease as
compared to healthy young adults: Detecting subclinical kidney
injury. Congenit Heart Dis. 2019; 14:963-7. doi:10.1111/chd.12862.

14. Brankovic M, Akkerhuis KM, Hoorn EJ, van Boven N, van den Berge
JC, Constantinescu A, et al. Renal tubular damage and worsening
renal function in chronic heart failure: Clinical determinants and
relation to prognosis (bio-shift study). Clin Cardiol. 2020; 43:630-8.
doi:10.1002/clc.23359.

15. Damman K, Ng Kam Chuen MJ, MacFadyen RJ, Lip GY, Gaze D,
Collinson PO, et al. Volume status and diuretic therapy in systolic
heart failure and the detection of early abnormalities in renal and
tubular function. J Am Coll Cardiol. 2011; 57:2233-41. doi:
10.1016/j.jacc.2010.10.065.

16. Gembillo G, Visconti L, Giusti MA, Siligato R, Gallo A, Santoro D, et al.
Cardiorenal syndrome: New pathways and novel biomarkers.
Biomolecules. 2021, 11:1581.  doi:10.3390/biom11111581.

17. Brankovic M, Akkerhuis KM, van Boven N, Anroedh S, Constantinescu
A, Caliskan K, et al. Patient-specific evolution of renal function in
chronic heart failure patients dynamically predicts clinical outcome
in the bio-shift study. Kidney Int. 2018; 93:952-60. doi:10.1016/j.kint.
2017.09.013.

18. Emmens JE, ter Maaten JM, Matsue Y, Metra M, O'Connor CM,
Ponikowski P, et al. Plasma kidney injury molecule‐1 in heart failure:
Renal mechanisms and clinical outcome. Eur J Heart Fail. 2015;
18:641-9. doi:10.1002/ejhf.426.

19. Grodin JL, Perez AL, Wu Y, Hernandez AF, Butler J, Metra M, et al.
Circulating kidney injury molecule-1 levels in acute heart failure:
Insights from the ascend-hf trial (acute study of clinical effectiveness
of nesiritide in decompensated heart failure). JACC Heart Fail. 2015;
3:777-85. doi:10.1016/j.jchf.2015.06.006.

20. Brown JR, Thiessen-Philbrook H, Goodrich CA, Bohm AR, Alam SS,
Coca SG, et al. Are urinary biomarkers better than acute kidney injury
duration for predicting readmission? Ann Thorac Surg. 2019;
107:1699-705. doi:10.1016/j.athoracsur.2019.02.005.

21. Verbrugge FH, Dupont M, Shao Z, Shrestha K, Singh D, Finucan M, et
al. Novel urinary biomarkers in detecting acute kidney injury,
persistent renal impairment, and all-cause mortality following
decongestive therapy in acute decompensated heart failure. J Card
Fail. 2013;19:621-8. doi:10.1016/j.cardfail.2013.07.004.


