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Abstract 

Objective There is growing recognition of the clinical importance of the cardiorenal 

syndrome – the bidirectional interplay between kidney and cardiac dysfunction. Yet, the role 

of kidney tubular damage in the development of heart failure is less studied. The objective 

was to investigate whether urinary kidney injury molecule (KIM)-1, a specific marker of 

tubular damage, predisposes to an increased heart failure risk.  

Methods A community-based cohort study (Uppsala Longitudinal study of Adult Men 

[ULSAM]) of 565, 77-year-old men free from heart failure at baseline. Heart failure 

hospitalizations were used as outcome. 

Results During follow-up (median 8.0 years) 73 participants were hospitalized for heart 

failure.  In models adjusted for cardiovascular risk factors (age, systolic blood pressure, 

diabetes, smoking, body mass index, LDL/HDL-ratio, antihypertensive treatment, lipid-

lowering treatment, aspirin treatment, left ventricular hypertrophy and prevalent 

cardiovascular disease) and markers of kidney dysfunction and damage (cystatin C-based 

glomerular filtration rate (GFR) and urinary albumin/creatinine-ratio), higher urinary KIM-

1/creatinine ratio was associated with higher risk for heart failure (HR upper vs. lower tertile, 

1.81; 95% CI 1.01 to 3.29; P<0.05). Participants with a combination of low GFR (<60 

mL/min/1.72m
2
) and high KIM-1/creatinine (>128 ng/mmol) had a 3-fold increase in heart 

failure risk compared to participants with normal GFR and KIM-1 (p<0.001). 

Conclusion Our findings suggest that kidney tubular damage predisposes to an increased risk 

for heart failure in the community. Further studies are needed to clarify the causal role of 

KIM-1 in the development of heart failure, and to evaluate the clinical utility of urinary KIM-

1 measurements.  

Key Words: Heart failure, tubular damage, cohort study, kidney function, glomerular 

filtration rate



 3 

 

Introduction 

There is growing recognition of the clinical importance of the cardiorenal syndrome – the 

bidirectional interplay between diminished kidney function and cardiac dysfunction.
1
  It is 

well known that patients with heart failure are at a substantially increased risk to develop 

kidney failure.
2
The opposite chain of events is also common; patients with overt kidney 

disease are at an increased risk for incident heart failure.
3
 In fact, recent studies show that 

even mild derangements of glomerular filtration rate (GFR) or albuminuria are associated 

with an increased risk for heart failure,
4
 suggesting that the cardiorenal-syndrome begin even 

prior to the development of clinically overt kidney- and cardiac dysfunction.  

The specific role of kidney tubular damage in the interplay between the kidney and the heart 

is, however, less investigated. A few previous studies have shown that heart failure patients 

with signs of kidney tubular damage are at an increased risk of morbidity and mortality.
5, 6

  

Yet, whether tubular damage is linked to an increased risk for heart failure in the community 

is unknown. 

Kidney injury molecule 1 (KIM-1) is a trans-membrane protein that is highly expressed in 

epithelial cells in damaged regions of the proximal tubuli,
7
 and possibly also in the 

glomeruli.
8
 KIM-1 has been suggested to be involved in the modulation of tubular damage 

and repair in response to acute and chronic kidney injury.
9, 10

Urinary levels of KIM-1 has 

been suggested as a clinically relevant biomarker of acute tubular injury,
7
 as it rises more 

rapidly and is more specific to tubular damage than albuminuria or low GFR. Yet, the utility 

of urinary KIM-1 as a prognostic marker of incident heart failure remains to be established.  

In the present study, we hypothesized that individuals with early signs of renal tubular 

damage are at an increased risk of heart failure. Accordingly, the aim of this study was to 
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investigate the association between urinary levels of KIM-1(KIM-1/creatinine ratio) and the 

incidence of heart failure hospitalizations in a community-based sample of elderly men. We 

also wanted to explore if this association was independent of cardiovascular risk factors, and 

other markers of kidney damage and dysfunction. 
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Methods 

Study sample 

The design and selection criteria of the Uppsala Longitudinal study of Adult Men  

(ULSAM) have been described previously,
4
 and further details can be found on the internet at 

http://www.pubcare.uu.se/ULSAM. At the fourth examination cycle (1998-2002), 838 men 

(mean age 77.5 years) were investigated.  Of these, urine samples were available in 627 

individuals. Twenty-five participants were excluded due to a previous diagnosis of heart 

failure, 37 participants were excluded due to missing data on covariates leaving 565 

individuals as the present study sample. All participants gave written informed consent, and 

the ethics committee of Uppsala University approved the study protocol. 

 

Clinical and biochemical evaluation at baseline 

Blood pressure was measured in the right arm with the subject in the supine position after 

resting for 10 minutes. The body mass index (BMI) was calculated as the individual’s body 

weight divided by height squared (kg/m²). Venous blood samples were drawn in the morning 

after an overnight fast and stored at –70°C until analysis. Total and HDL-cholesterol were 

measured by routine laboratory analysis. Plasma glucose concentrations were measured by the 

glucose dehydrogenase method (Gluc-DH, Merck, Darmstadt, Germany). Cystatin C was 

measured was measured by latex enhanced reagent (NLatex Cystatin C; Siemens, Deerfield, 

IL, USA) using a BN ProSpec
®
 analyzer (Siemens) and used to estimate GFR.

11
 24-Hour 

urine were collected, aliquoted and stored at -70
◦
 until analysis. Urinary KIM-1 levels were 

analyzed with the commercial sandwich ELISA kit in 100ul urine samples (DY1750 R&D 

Systems, Minneapolis, MN, USA) using a validated assay.
12

 The inter-assay CV was 5 % and 

the intra-assey CV was 4%. The lowest level of detection (lowest standard point) was 31 

pg/mL. Urine albumin was measured by nephelometry (Urine albumin, Siemens) using a BN 

http://www.pubcare.uu.se/ULSAM
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ProSpec
®
 analyzer (Siemens). Urine creatinine was analyzed with a modified kinetic Jaffe 

reaction on an Architect Ci8200® analyzer (Abbott, Abbot Park, IL, USA) and creatinine 

related urine albumin was calculated from the BN ProSpec
®

 results. High-sensitive CRP 

measurements were performed by latex-enhanced reagent (Siemens) with the use of a BN 

ProSpec
®
 analyzer (Siemens). Electrographic left ventricular hypertrophy (ECG-LVH) was 

defined as high amplitude R-waves according to the revised Minnesota code, together with a 

left ventricular strain pattern.
13

 Prevalent cardiovascular disease at baseline was defined as a 

history of ischemic heart disease or cerebrovascular disease, or Q-, QS-complexes or left 

bundle-branch block in baseline ECG.  Diabetes was defined as self-reported use of insulin or 

oral anti diabetic drugs in the questionnaire, or as having fasting plasma glucose above 7 

mmol/L. Use of low-dose aspirin, treatment for blood lipids (mostly statins), and treatment for 

hypertension was established using a questionnaire. Markers of inflammation and oxidative 

stress were analyzed as previously described.
14

 

 

Outcome 

The classification of heart failure events during follow-up have been described in detail 

previously.
15

 In short, as a possible diagnosis of heart failure, we considered hospitalizations 

for ICD10 heart failure codes I50 and hypertensive heart disease with heart failure, I11.0 from 

the Swedish Hospital Discharge Register. The medical records from the relevant 

hospitalizations until December 31, 2008, were reviewed by three physicians (E.I., L.L. and 

J.S.), who, blinded to the baseline data, classified the cases as definite, questionable, or 

miscoded. Only the definite heart failure cases, defined as a combination of symptoms of 

heart failure and objective signs of cardiac dysfunction at rest, were used as outcome in the 

present study. The classification relied on the definition proposed by the European Society of 

Cardiology.
16
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Statistical analysis 

Mean values and standard deviations were calculated for all continuous variables at baseline.  

The association between tertiles of urinary KIM-1/creatinine and the incidence of heart failure 

hospitalizations was investigated using Cox proportional hazard regression. The lower tertile 

was used as referent. Adjustments were made using the following multivariable models:  

Model A: age-adjusted (age was adjusted for in all models by using age as the timeline). 

Model B: adjusted for age and established cardiovascular risk factors (CVD at baseline, 

antihypertensive treatment, blood lipid lowering treatment, low-dose aspirin, current smoking 

and diabetes, left ventricular hypertrophy [as binary variables], systolic blood pressure, BMI, 

total cholesterol and HDL cholesterol [as continuous variables]). 

Model C: adjusted for age, established cardiovascular risk factors (as shown in model B), and 

markers of kidney damage and dysfunction (GFR and urinary albumin/creatinine ratio).  

In secondary analyses, we also added a marker of inflammation, c-reactive protein [CRP], to 

multivariable model C. Moreover, as different types of anti-hypertensive treatment such as 

diuretics or renin-angiotensin-aldoesterone inhibition have been shown to influence urinary 

KIM-1 levels,
17, 18

 and as KIM-1 has been suggested to be involved in the development of 

hypertensive kidney disease,
19

 we performed secondary analyses where we replaced the 

antihypertensive treatment variable in the model B with use of ACE inhibitors, AII-blockers, 

alpha-blockers, beta-blockers, calcium antagonists or diuretics and where the office blood 

pressure variable was replaced by systolic and diastolic 24-hour blood pressure.  

Proportional hazards assumptions were confirmed by Schoenfeld’s tests. To gain insights into 

potential nonlinearity of the associations, we examined Cox regression models by using 

penalized splines with three degrees of freedom. 
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Additionally, we performed tests for effect modification by diabetes, hypertension, prevalent 

cardiovascular disease, microalbuminuria and GFR by including multiplicative interaction 

terms with these variables and urinary KIM-1.  

 

To evaluate the interplay between KIM-1 and glomerular filtration rate in development of 

heart failure we divided the participants in the following 4 groups:  

1. Participants with normal GFR (≥60 mL/min/1.72m
2
) and normal KIM-1 (below upper 

tertile,<128 ng/mmol [reference group]) 

2. Participants with normal GFR (>60 mL/min/1.72m
2
) and high KIM-1 (≥128 ng/mmol) 

3. Participants with low GFR (<60 mL/min/1.72m
2
) and normal KIM-1 (<128 ng/mmol) 

4. Participants with both low GFR(<60 mL/min/1.72m
2
) and high KIM-1(≥128 

ng/mmol) 

To limit the possibility of reverse causation as an explanation of our findings we performed 

analyses after exclusion of participants that experienced a heart failure event during the first 

two years of follow-up (n=10). For the same reason, we also added plasma N-terminal brain 

natriuretic peptide (Nt-proBNP) taken at a re-examination 6 years prior to baseline to 

multivariable model C. 

The population-attributable risk proportion was calculated as follows:  p*[(HRexposed-

HRunexposed)/HRexposed], where p is the proportion of cases that were exposed and HR is the 

hazard ratio adjusted for the covariates in multivariable model with three kidney function 

components, GFR<60, ACR<3.0 and the upper tertile of KIM-1/creatine ratio.
20

 

 

A two-sided p-value <0.05 was regarded as significant in all analyses. The statistical software 

package STATA 11.2 (Stata corp, College Station, Texas, USA) was used for all analyses. 
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Results 

 

Baseline characteristics are shown in Table 1. The Spearman correlation coefficient between 

KIM-1/creatinine and GFR was -0.14 (p<0.001), and between KIM-1/creatinine and 

albumin/creatinine was 0.40 (p<0.001) at baseline. During follow-up (median 8.0 years, range 

0.2-10.8 years), 73 individuals were hospitalized for heart failure (incidence rate 1.81 /100 

person-years at risk). The incidence rates for heart failure in tertiles of KIM-1/creatinine are 

shown in Table 2.  

 

Cox regression models 

In Cox proportional hazard models, higher urinary levels of KIM-1/creatinine were 

significantly associated with an increased risk for heart failure. The associations were only 

mildly effected by adjustments for age, cardiovascular risk factors, GFR, and urinary 

albumin/creatinine ratio (Model A-C, Table 2).  Participants with KIM-1/creatinine levels in 

the upper tertile were at almost twice the risk for heart failure in multivariable models A-C 

using the lower tertile as referent (Table 2). The spline curve suggests no major increase in 

risk above the upper tertile (Figure 1). The excess risk is also illustrated in Figure 2, where 

KIM-1/creatinine levels in the upper tertile were associated with a higher risk of incident 

heart failure.  

 

In secondary analyses, the association between KIM-1/creatinine and heart failure incidence 

remained significant when replacing the hypertension treatment variable with specific 

antihypertensive treatments and the office systolic blood pressure variable with 24-hour 

systolic and diastolic blood pressure in Model B (HR for upper tertile of KIM-1/creatinine, 

1.84, 95% CI 1.02-3.32, p=0.04).  Moreover, the association between urinary KIM-

1/creatinine and heart failure incidence were still significant after adding CRP to 
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multivariable  model C (HR for upper tertile of KIM-1/creatinine,1.82, 95 % CI, 1.01-3.29, 

p=0.046).   

 

The association between urinary KIM-1 and heart failure incidence was attenuated after 

excluding participants who experienced a heart failure event during the first two years of 

follow-up (Model C: HR for upper tertile of KIM-1/creatinine, 1.60, 95% CI 0.83-3.08, 

p=0.16). Also, the results were no longer significant when Nt-proBNP were added to 

multivariable model C (HR for upper tertile of KIM-1 1.55, 95% CI 0.84-2.85, p=0.16). 

 

When three different markers of kidney pathology, KIM-1, GFR and urinary 

albumin/creatinine ratio, were added to model B, only KIM-1 and GFR predicted heart failure 

(HR for upper tertile of KIM-1/creatinine 1.82, 95% CI 1.01-3.29. P=0.046; GFR HR per SD 

increase 0.62 95% CI 0.48-0.81, p<0.001; and albumin/creatinine ratio HR per SD increase 

0.98 95% CI 0.96-1.01, p=0.26). 

As seen in Table 3, participants with low GFR (<60 mL/min/1.72m
2
) and high KIM-1 ((upper 

tertile)>128 ng/mmol) had a more then 3-fold increase in risk for heart failure using 

individuals with normal KIM-1 and normal GFR as referent.  

 

The population attributable risk proportion for the development of heart failure was 19 % (95 

% CI 0 - 29 %, p<0.05) for KIM-1 levels above the upper tertile (>128 ng/mmol), and 15 % 

(95% CI 4 – 22 %) for GFR< 60 mL/min/1.72m
2
. 

 

The multiplicative interaction terms for diabetes, hypertension, prevalent cardiovascular 

disease, microalbuminuria or GFR were not significant (p>0.44 for all). 
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Discussion 

In the present community-based cohort study of elderly men, higher urinary levels of KIM-1 

were associated with an increased risk of incident heart failure hospitalizations. The 

association between KIM-1 and heart failure incidence remained robust after adjustments for 

age, established risk factors, albuminuria and GFR. Participants who had a combination of 

high KIM-1 and low GFR appeared to have the highest heart failure risk, indicating that 

different aspects of kidney pathology may portray additive prognostic information.  

 

Comparison with the literature 

Although several previous studies have shown a close relationship between different aspects 

of kidney pathology, such as low glomerular filtration rate and albuminuria, and the 

development of heart failure 
1
, data on the interplay between kidney tubular damage and heart 

failure is scarce. In a few recent longitudinal studies in heart failure patients, higher levels of 

KIM-1 and other markers of tubular damage have been associated with adverse outcomes.
5, 6

  

KIM-1 has also been shown to be associated with decreased left ventricular function.
21

 

However, we are aware of no previous studies that have reported the association between 

urinary KIM-1 and the risk of incident heart failure in the community. 

 

Potential mechanisms 

Previous studies indicate protective functions for KIM-1 in acute kidney injury and damaging 

functions in chronic kidney disease.
7, 9, 22

  However, the various functions of KIM-1 are 

incompletely understood and are currently being unravelled. 

Although this is an observational study, and in such we cannot deem any finding causal, there 

are several potential mechanisms that may explain the association between KIM-1 levels and 

incident heart failure. Several lines of evidence indicate that the higher urinary levels of KIM-
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1 may reflect increased fluid retention, perhaps caused by cardiac dysfunction: Urinary KIM-

1 levels have been shown to be closely associated with changes in volume status induced by 

diuretic withdrawal and reinstitution in heart failure patients
17

 and correlations between higher 

levels of KIM-1 and decreased left ventricular systolic function as well as severity of New 

York Heart Association (NYHA) class has been reported.
21

 Moreover, urinary KIM-1 has 

been suggested to be a biomarker for activation of the renin-angiotensin-aldosteron system,
19

 

which is an important regulator of volume status and a key underlying factor in the 

pathophysiology of heart failure. This notion, that our results could be explained by reverse 

causation due to sub-clinical cardiac dysfunction or undetected heart failure at baseline, is 

supported by the finding that the association between urinary KIM-1 and heart failure 

incidence were attenuated after exclusion of the participants who developed heart failure 

during the first two years of follow-up. This is further supported by the fact that when Nt-

proBNP, taken 6 years prior to baseline, were added as to multivariable model C, the 

association between KIM-1 and heart failure was also attenuated. Unfortunately, we are not 

able to firmly resolve the issue of reverse causation in the present study as no 

echocardiographic examination or natriuretic peptide measurements were performed at 

baseline.   

 

Kidney tubular damage have also been shown to be associated with several of the major 

conditions that predispose to an increased risk for heart failure such as hypertension,
19

 

diabetes,
23

 dyslipidemia,
24

, low glomerular filtration rate,
25

 microalbuminuria,
26

 and  

inflammation.
27

 We found KIM-1 levels to be correlated with glomerular filtration rate and 

microalbuminuria at baseline, yet, the association between KIM-1 and incident CHF was 

essentially unaltered after taking these factors into account in the multivariable models 

indicating that these are not major pathways that explain our findings.  
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Higher urinary KIM-1 levels have been put forward as a biomarker for deterioration of kidney 

function, also in the community-based setting.
28

 Thus, another possible explanation of our 

findings is that the participants with higher KIM-1 levels at baseline had a steeper decline in 

renal function during follow-up which in turn led to a higher risk for heart failure.  

 

Notably, KIM-1 is normally found at low or undetectable levels in the circulation and is 

therefore unlikely to directly influence cardiac remodeling and/or function. However, on a 

more speculative note, we cannot rule out that activation of KIM-1 could release other, yet 

unidentified, systemically available tubular proteins that directly promote cardiac dysfunction 

and subsequent development of heart failure.  

 

Clinical implications 

As KIM-1 expression is virtually absent in normal kidneys, but rise rapidly in response to tubular 

damage,
29

 KIM-1 has been put forward as a clinically useful marker for acute tubular kidney 

damage.
9, 30

 Yet, the clinical utility of measuring urinary KIM-1 in heart failure patients or in the 

community remains to be thoroughly evaluated. The substantial population attributable risk 

proportion for heart failure associated with elevated KIM-1 levels indicates that kidney tubular 

damage may be an important component of the interplay between the kidney and the heart. 

 

Strengths and Limitations 

Strengths of the study include the community-based study population, the longitudinal study 

design with long follow-up and the detailed characterization of the study participants with 

regards to cardiovascular risk factors and markers of kidney damage and dysfunction 

measured in samples from 24-h urine collections. Furthermore, the heart failure diagnosis was 
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validated which decreases the inclusion of false-positive cases. The main limitation of this 

study is that we only had access to data in elderly men, why extrapolations of these findings 

to women, other ethnicities, and other age-groups have to be done with caution. Moreover, the 

moderately sized study sample led to wider confidence intervals and consequently a greater 

uncertainty of the true level of the risk estimates. Another limitation is that no data on whether 

the heart failure events were of systolic or diastolic type were collected. Additional studies are 

needed to investigate this issue. 

 

In conclusion, our community-based data indicate that a higher urinary level of KIM-1 is 

linked to an increased risk of incident heart failure. Further studies are needed to clarify the 

pathophysiological role of KIM-1 in the development of heart failure, and to evaluate the 

utility of measuring urinary KIM-1 in the clinical setting. 
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Table 1 Baseline characteristics of the 77-year old men  

Variable  

N 565 

Age (years) 77.5 (0.76) 

BMI (Kg/m
2
) 26.2 (3.4) 

Systolic blood pressure (mmHg) 151 (21) 
Diastolic blood pressure 

(mmHg) 

81 (9.4) 

LDL/HDL ratio  2.77 (0.93) 

GFR (mL/min/1.72m
2
) 74.1 (17) 

Albumin/creatinine ratio 

(mg/mmolcreatinine) 

0.7 (0.3-2.0) 

KIM-1 (ng/mmol) 824 (492-

1262) 

CVD at baseline 130 (23%) 

Left ventricle hypertrophy 164 (29%) 

Smoking 40 (7%) 

Diabetes 72 (13%) 

Antihypertensive medication  258 (46%) 

Lipid lowering medication 102 (18%) 

Low dose aspirin 151(27%) 

Alfa-blocker 10 (2%) 

Diuretic 80 (14%) 

Beta-blocker 137 (24%) 

Calcium antagonist 89 (16%) 

RAS blocker 77 (14%) 
Data are mean ± standard deviation for continuous variables (except for KIM-1 and Albumin/creatinine ratio 

where medians and inter quartile ranges are presented) and n (%) for categorical variables. 

BMI body mass index 

LDL/HDL low density lipoprotein/high density lipoprotein 

KIM-1 urinary levels of kidney injury molecule 1 

GFR cyctatin C based estimation of glomerular filtration rate 

CVD cardiovascular disease 

RAS blocker includes angiotensin converting enzyme (ACE) inhibitors and Angiotensin receptor blockers 

(ARBs) 

GFR glomerular filtration rate  
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Table 2 The association between KIM-1/creatinine and chronic heart failure: Multivariable Cox regression models 
 Number of 

events / 

numbers 

at risk 

Incidence rate Model A Model B Model C 

 (95%CI) Hazard ratio 

(95%CI) 

Hazard ratio 

(95%CI) 

Hazard ratio 

(95%CI) 
 

  
   

 

  
   

First tertile (<67 ng/mmol) 19/190 1.23 

(0.84-2.08) 

referent Referent referent 

 

  
   

Second tertile (67-128 ng/mmol) 23/188 1.30 

(1.13-2.55) 

1.30 

(0.71-2.39) 

1.42 

(0.77-2.62) 

1.38 

(0.75-2.54) 

Third tertile (>128ng/mmol) 31/187 2.35 

(1.75-3.54) 

1.99 * 

(1.12-5.53) 

1.89 * 

(1.06-3.39) 

1.81* 

(1.01-3.29) 

*p<0.05, † p<0.01 

Model A age  

Model B age, established cardiovascular risk factors 

Model C age, established cardiovascular risk factors, GFR, urinary albumin/creatinine  
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Table 3 Data portraying the interplay between KIM-1/creatinine and GFR and the risk for 

chronic heart failure: Cox regression 
 

 Number of 

events / 

numbers at 

risk 

Model A Model B 

  HR 

(95% CI) 

HR 

(95% CI) 

Normal GFR and normal KIM-1/creatinine 32/320 referent referent 

Normal GFR and high KIM-1/creatinine 18/135 1.47 

(0.83-2.63) 

1.34 

(0.74-2.43) 

Low GFR and normal KIM-1/creatinine 10/56 2.10* 

(1.03-4.27) 

1.76 

(0.84-3.67) 

Low GFR and high KIM-1/creatinine 13/54 3.69‡ 

(1.93-7.04) 

3.26‡ 

(1.66-6.42) 

Normal GFR (≥60 mL/min/1.72m
2
)

 
and normal KIM-1/creatinine (≤128 ng/mmol) 

Model A age  

Model B age, established cardiovascular risk factors 

* p<0.p05,‡ p<0.001 
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Figure 1. Association Between Urinary KIM-1/creatinine and Heart Failure Incidence 

Assessed Via Regression Splines. T= Tertiles 
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Figure 2. Cumulative Incidence of Heart Failure Morbidity by tertiles of the KIM-

1/creatinine  
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