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A B S T R A C T

Background: Kidney injury molecule-1 (KIM-1) has been associated with kidney damage in patients with pre-
existing renal disease. However, little is known about the relationships of KIM-1 with renal function and car-
diovascular risk factors in healthy individuals from the general population.
Methods: Healthy individuals aged 25–41 years were enrolled in a population-based study. Main exclusion
criteria were a BMI> 35 kg/m2, preexisting kidney disease or established cardiovascular disease. KIM-1 was
measured from frozen plasma samples using a high-sensitivity assay. Multivariable linear regression models were
constructed to assess the relationships of KIM-1 with renal function and various cardiovascular risk factors.
Results: We included 2060 individuals (47% men, median (interquartile range) age: 37 (31–40) years) in this
analysis. Median KIM-1 levels were 82.5 (IQR 59.4–112.7) pg/ml. We found no significant relationship of KIM-1
with creatinine (adjusted β-coefficient (95% confidence interval) 0.0005 (−0.002; 0.003), p = 0.61) and cy-
statin C (−0.02 (−0.21; 0.17), p= 0.84). There were significant linear relationships of log-transformed KIM-1
with systolic blood pressure (adjusted β-coefficient (95% confidence interval) 0.07 (0.04; 0.09), p < 0.0001),
diastolic blood pressure (0.04 (0.02; 0.07), p= 0.001), low-density lipoprotein cholesterol (0.09 (0.06; 0.11),
p < 0.0001), high-density lipoprotein cholesterol (0.07 (0.05; 0.1), p < 0.0001), high-sensitivity C-reactive
protein (0.05 (0.03; 0.07), p < 0.0001), age (0.09 (0.07; 0.11), p < 0.0001), BMI (0.04 (0.01; 0.06),
p = 0.005) and current smoking (0.12 (0.07; 0.17), p < 0.0001).
Conclusion: Among healthy adults from the general population, plasma levels of KIM-1 were not associated with
renal function but were independently related to multiple cardiovascular risk factors.

1. Introduction

Chronic kidney disease is highly prevalent worldwide and its in-
cidence is expected to further increase within the next decades [1–3].
As renal failure is strongly associated with a higher morbidity and
mortality [1,2,4,5], early detection and treatment of renal disease is of
major public health importance [6]. Well established risk factors for
chronic kidney disease include hypertension, diabetes mellitus, body
mass index (BMI) and low-density lipoprotein cholesterol levels (LDL-C)

[2,7].
Kidney injury molecule-1 (KIM-1) is a transmembrane protein

mainly expressed in the proximal renal tubular cells. According to ex-
perimental studies, KIM-1 is directly involved in the pathogenesis of
renal tubular cell damage [8–10]. Based on preliminary evidence, both
urine and plasma KIM-1 levels may increase with increasing tubulo-
interstitial damage and fibrosis [10–12]. Additionally, urinary KIM-1
may be associated with heart failure and potentially other cardiovas-
cular outcomes [11,13]. Finally, a small study of patients with heart
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failure suggested that KIM-1 may be related to other cardiovascular risk
factors, especially blood pressure (BP) [14].

Taken together, little data are currently available about the inter-
relationships of plasma KIM-1 with renal function and other cardio-
vascular risk factors in large and unselected population samples. This
lack of evidence may at least in part be due to the limited sensitivity of
conventional KIM-1 assays, which previously resulted in a high pro-
portion of undetectable values in lower risk populations [15]. We used
a novel, high-sensitive assay to evaluate the associations of plasma KIM-
1 with renal function and different cardiovascular risk factors in a large
sample of healthy individuals from the general population.

2. Methods

2.1. Study participants

The “Genetic and phenotypic determinants of blood pressure and
other cardiovascular risk factors” (GAPP) study is an ongoing pro-
spective population-based cohort study including young and healthy
adults from the Principality of Liechtenstein. Detailed study metho-
dology has been published previously [16]. In brief, between 2010 and
2013 we invited all inhabitants of the Principality of Liechtenstein aged
between 25 and 41 years to participate in GAPP. The main exclusion
criteria were established kidney disease, cardiovascular disease, known
diabetes mellitus, a BMI> 35 kg/m2 or any other severe disease. All
participants gave written informed consent and the local ethics com-
mittee approved the study protocol.

We enrolled 2170 individuals into the GAPP study. For the purpose
of this analysis, we excluded 109 individuals with missing information
on covariates. We also excluded one participant with a measured
creatinine level of 332 μmol/l, leaving a total of 2060 (94.9%) parti-
cipants for the current analysis.

2.2. Blood sampling

Venous blood samples were drawn from every participant after an
overnight fast. After centrifugation, the samples were immediately
stored at −80 °C. Plasma KIM-1 levels were assayed from frozen EDTA
plasma samples by using a high-sensitive, single-molecule counting
technology assay (Erenna® Immunoassay System, Singulex Inc.,
Alameda, CA, USA). The KIM-1 assay's limits of detection and quanti-
fication were 1 pg/ml and 4 pg/ml, respectively. Interassay coefficients
of variation were 12% at a KIM-1 concentration of 177 pg/ml and 9% at
a KIM-1 concentration of 806 pg/ml.

Plasma levels of creatinine, cystatin C, high sensitivity C-reactive
protein (hs-CRP), high density lipoprotein cholesterol (HDL-C) and
LDL-C were analyzed on a Roche Cobas 6000 analyzer (F. Hoffmann -
La Roche, Switzerland) using fresh blood samples [16]. Creatinine was
measured using the compensated Jaffe method. Glycated hemoglobin
A1c (HbA1c) was determined using high-performance liquid chroma-
tography (Bio-Rad D-10, Bio-Rad Laboratories AG, Switzerland) [16].

2.3. Blood pressure measurement

We assessed conventional BP three times in an upright position after
at least five minutes of rest, using a validated oscillometric device
(Microlife BP3AG1, Microlife AG, Switzerland) [16]. Conventional BP
was defined as the mean of the second and third BP measurement.
Twenty-four hour (h) ambulatory BP was measured using a validated
automatic device (BR-102 plus, Schiller AG, Switzerland). BP was
measured every 15 min from 07.30 until 22.00 (daytime) and every
30 min during nighttime. If< 80% of all expected BP values were
valid, the ambulatory BP measurement was repeated whenever pos-
sible. Study participants with< 10 daytime or< 5 nighttime mea-
surements were excluded from this analysis.

2.4. Other study variables

Participants completed standardized questionnaires about personal,
lifestyle and nutritional factors as well as their general health status.
The international physical activity questionnaire (IPAQ) was used to
quantify physical activity [17]. High physical activity was defined as
≥75 min of vigorous physical activity or ≥150 min of moderate
physical activity per week. Fruit and vegetable consumption was di-
chotomized into ≥5 or< 5 servings per day. Height and weight were
directly measured and BMI was calculated by dividing weight in kilo-
grams by height in meters squared. Smoking status was self-assessed
and classified as current, former or never smoking.

2.5. Statistical analysis

Baseline characteristics were stratified by quartiles of KIM-1 levels.
The distribution patterns for continuous variables were evaluated using
skewness, kurtosis and visual inspection of the histogram. Baseline
characteristics of continuous variables were presented as mean ±
standard deviation (SD) or median (interquartile range (IQR)) and
compared using analysis of variance or Kruskal-Wallis tests, as appro-
priate. Categorical variables were presented as counts (percentages)
and compared using chi-square tests.

Multivariable linear regression models were constructed to assess
the relationships of plasma KIM-1 with creatinine and cystatin C as well
as a pre-defined list of conventional cardiovascular risk factors in-
cluding BP, BMI, LDL-C, HDL-C, HbA1c, hs-CRP and smoking status. All
continuous variables were initially categorized into quartiles to assess
the shape of the relationship with KIM-1. Since the observed associa-
tions were approximately linear, additional analyses were conducted
using the predictor of interest as a continuous variable (per 1-SD in-
crease). Plasma KIM-1 was log-transformed for all analyses to improve
the normality of its distribution. All multivariable models were adjusted
for age, sex, BMI, ambulatory systolic BP, smoking status, physical ac-
tivity, diet, LDL-C, HDL-C, HbA1c and hs-CRP.

We performed a series of pre-specified subgroup analyses for the
relationship between plasma KIM-1 and cardiovascular risk factors
across categories of age, sex, BMI and smoking status. Multiplicative
interaction terms were included in the non-stratified regression models.
Categorical variables were introduced in the multivariable models as
binary indicator variables. All statistical analyses were performed using
SAS version 9.4 (SAS Institute Inc., Cary, North Carolina). A p-value
of< 0.05 was pre-specified to indicate statistical significance.

3. Results

The median (IQR) age of this population was 37 (31–40) years and
47% were male. Median plasma levels of KIM-1 were 82.5 (59.4–112.7)
pg/ml, 86.6 (62.3; 119.9) among men and 79.2 (57.1; 108.1) among
women (p < 0.001). Baseline characteristics stratified by quartiles of
KIM-1 are presented in Table 1. With increasing KIM-1 levels in-
dividuals were older, more often male and current smokers, and had
higher levels of BMI, BP, LDL-C, HbA1c and hs-CRP levels (p for all <
0.01). Mean creatinine levels increased linearly across increasing
quartiles of KIM-1 (p= 0.01).

Results of the relationship between plasma KIM-1, creatinine and
cystatin C are presented in Table 2. Using log-transformed KIM-1 as the
outcome variable, there were no significant associations with renal
parameters, neither with creatinine, nor with cystatin C. However as
shown in Tables 3 and 4, there was a strong relationship of plasma KIM-
1 with several cardiovascular risk factors. The relationship between
plasma KIM-1 and BP is presented in Table 3. Per 1-SD increase in
systolic and diastolic blood pressure, log-transformed KIM-1 increased
by 0.07 (95% CI 0.04; 0.09), p < 0.0001 and 0.04 (0.02; 0.07),
p = 0.001, respectively. Similar results were found for the relationships
with conventional BP. The β regression coefficient (95% CI) for the
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