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Abstract

Background

Patients with chronic kidney disease (CKD) are at increased risk of end-stage renal disease

(ESRD) and early mortality. The underlying pathophysiological processes are not entirely

understood but may include dysregulation of extracellular matrix formation with accelerated

systemic and renal fibrosis. We assessed the relationship between endotrophin (ETP), a

marker of collagen type VI formation, and adverse outcomes in a cohort of patients with CKD.

Methods

We measured serum ETP levels in 500 patients from the Renal Impairment in Secondary

Care (RIISC) study, a prospective observational study of patients with high-risk CKD.

Patients were followed up until death or progression to ESRD. Cox regression analysis was

used to assess the relationship between ETP and risk of adverse outcomes.

Results

During a median follow-up time of 37 months, 104 participants progressed to ESRD and 66

died. ETP level was significantly associated with progression to ESRD (HR 1.79 [95% CI

1.59–2.02] per 10 ng/mL increase; HR 11.05 [4.98–24.52] for highest vs lowest quartile;

both P<0.0001). ETP level was also significantly associated with mortality (HR 1.60 [1.35–

1.89] per 10 ng/mL increase; HR 12.14 [4.26–34.54] for highest vs lowest quartile; both

P<0.0001). After adjustment for confounding variables, ETP was no longer significantly

associated with progression to ESRD but remained independently associated with mortality

(HR 1.51 [1.07–2.12] per 10 ng/mL increase, P = 0.019).

Conclusions

Serum ETP level is independently associated with mortality in CKD. This study provides the

basis for further exploratory work to establish whether collagen type VI formation is mecha-

nistically involved in the increased mortality risk associated with CKD.
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Introduction

Patients with chronic kidney disease (CKD) are at increased risk of end-stage renal disease

(ESRD) and early mortality [1]. There is growing evidence that dysregulation of extracellular

matrix (ECM) formation is associated with accelerated systemic and renal fibrosis and modu-

lation of inflammation [2]. However, there is limited information on the events that drive this

process in human CKD.

Collagen type VI (Col6) forms a network of beaded microfilaments in the ECM of most

connective tissues, where it interacts with other ECM molecules and provides structural sup-

port for cells. In addition to a mechanical role, Col6 has cytoprotective functions such as the

inhibition of apoptosis and oxidative damage, and the regulation of cell differentiation and

autophagy [3–5]. Following secretion of Col6 from its producing cell, the C-terminus of its α3

chain is cleaved off—this cleaved fragment is known as endotrophin (ETP, also termed Pro-

C6), and represents a dynamic read-out of Col6 expression [6]. Col6, as one of the most abun-

dant proteins in the glomerular ECM, is upregulated in renal disease [7–12] and we have

recently found that high levels of serum ETP are associated with adverse outcomes in patients

with kidney transplants, including allograft failure (unpublished data). However, it is not

known whether Col6 is dysregulated in CKD and if dysregulation is associated with adverse

clinical outcomes.

To address this, we measured serum ETP as a marker of Col6 expression in a well-charac-

terised prospective CKD cohort. We assessed the relationship between ETP level and clinical

outcomes of progression to ESRD and mortality, including adjustment for known risk factors

for adverse outcomes in patients with CKD.

Subjects and methods

Population

Five-hundred participants from the Renal Impairment in Secondary Care (RIISC) Study

(NCT01722383) were included in the study. The RIISC study is a prospective observational

cohort study designed to identify determinants of adverse outcomes in CKD, and detailed

methodology has previously been described [13].

In brief, patients in nephrology clinics in a single renal centre in Birmingham, UK, with

non-dialysis high-risk CKD were invited to participate in the study. High risk CKD was as

defined by the UK National Institute for Health and Care Excellence 2008 CKD guideline [14],

and comprised one or more of: estimated glomerular filtration rate (eGFR) < 30 mL/min/

1.73m2, or eGFR 30–59 mL/min/1.73m2 with a decline of�5 mL/min/1.73m2/year or�10

mL/min/1.73m2/5years, or a urinary albumin:creatinine ratio (ACR)�70 mg/mmol on three

occasions. Patients were excluded if they had received immunosuppression for immune-medi-

ated renal disease or if they were on renal replacement therapy (RRT). Patients consented to

follow-up for 10 years, or until death or the initiation of RRT. Ethical approval was granted by

South Birmingham Local Research Ethics Committee (reference: 10/H1207/6). All patients

provided written consent, and the study was conducted in accordance with the Declaration of

Helsinki.

All participants had demographic, clinical, and laboratory data collected at recruitment and

during follow-up to produce detailed bio-clinical phenotyping. Comorbidity was recorded by

specific comorbidity and by calculating each individual’s age-adjusted Charlson Comorbidity

Index (CCI) [15]. Socioeconomic status (SES) was assessed using the Index of Multiple Depri-

vation (IMD 2010) [16]—an individual was assigned a score and rank according to their post-

code; lower scores and ranks indicate greater deprivation. Body mass index (BMI) was
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calculated as body weight (kg)� height (cm) squared. Blood pressure (BP) was measured

using the BpTRU fully automated sphygmomanometer (BpTRU Medical Devices, Coquitlam,

BC, Canada), which obtains a series of six BP readings at one-minute intervals following a

five-minute rest period. Mean BP was derived from the average of the second to sixth BP read-

ing, which has been reported to be comparable to mean daytime BP from 24-hour ambulatory

BP monitoring [17]. Mean arterial pressure (MAP) was calculated using the average systolic

(SBP) and diastolic blood pressure (DBP) and the following equation: DBP + (SBP − DBP]�

3). Pulse pressure (PP) was calculated as SBP −DBP.

Data and samples from the six-month study follow-up visit were used for this analysis. No

prior formal sample size calculation was performed; the first 500 patients recruited into the

study who had both serum and urine available from their six-month visit were included; these

visits occurred between April 2011 and September 2014. Participants were followed up from

their six-month visit until death or the initiation of RRT. The last outcome data collection took

place on 3rd March 2016 and patients who had not reached a study end point were censored

on this date.

Laboratory analyses

Serum and urine were processed immediately after collection according to pre-defined stan-

dard operating procedures and stored at -80˚C until analysis. Biochemistry results from the

local clinical laboratory were obtained from tests performed in accordance with the current

standard of care.

Serum ETP level was measured using a competitive enzyme-linked immunosorbent assay

(ELISA) developed by Nordic Bioscience, Denmark. The monoclonal antibody employed in

the ELISA detects the last 10 amino acids of the α3 chain of Col6 (3168’KPGVISVMGT’3177),

but not the elongated peptide KPGVISVMGTA or truncated peptide KPGVISVMG; the tech-

nical details and characterization of the assay have previously been described [6].

Serum creatinine measurements were performed on a Roche Modular Analyser using a

blank rated compensated Jaffe reaction, and eGFR was estimated using the creatinine-based

CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration) equation [18]. Urine ACR

was measured using a Roche Hitachi 702 analyser.

C-reactive protein (CRP) was measured using the Full Range C-Reactive Protein Kit on a

SPA™ automated PLUS turbidimeter (The Binding Site Group Ltd, Birmingham, UK). The

normal range for CRP is between 0.1 and 9 mg/L, with 90 percent below 3 mg/L [19]. Serum

kappa (κ) and lambda (λ) free light chain (FLC) concentrations were measured by nephelome-

try on a Dade-Behring BNTMII Analyser (Siemens AG, Erlangen, Germany) using particle

enhanced high-specificity homogenous immunoassays (Freelite™; The Binding Site Group Ltd,

Birmingham, UK). The normal reference ranges for serum FLC concentrations have been pre-

viously described as κ: 3.3–19.4 mg/L and λ: 5.7–26.3 mg/L, with the assay sensitivity being

demonstrated as<1 mg/L. κ and λ FLC concentrations were combined to calculate the com-

bined serum FLC (cFLC) concentrations.

Statistical analyses

Statistical analyses were performed using IBM SPSS Statistics for Macintosh, Version 22

(Armonk, NY: IBM Corp, 2013). Baseline characteristics are described as a frequency and per-

centage for categorical variables, and as a mean and standard deviation or median and inter-

quartile range (IQR) for normally and non-normally-distributed continuous variables

respectively. As there were little missing data, complete case analysis was performed.
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Serum ETP was analysed as both a continuous and a categorical variable by dividing the

cohort into quartiles (Q1-4). Differences between ETP quartiles in baseline characteristics

were assessed using Pearson’s chi-square for categorical variables, and ANOVA (parametric)

or Kruskal-Wallis test (non-parametric) for continuous variables. ETP, eGFR, CRP, and cFLC

were log transformed before scatter plots and Pearson’s correlation coefficients were used to

assess for linear associations.

Kaplan-Meier survival analysis was performed for quartiles of ETP, and mean times to

ESRD and death were estimated from the area under the survival curve. Cox proportional haz-

ards regression was used to generate time-to-event data for progression to ESRD and death,

and perform both univariable and multivariable analyses of the association between baseline

characteristics and risk of ESRD and death. Known important confounding factors (eGFR and

ACR) and any other variables with a P<0.1 on univariable analysis were included as candidate

variables in the multivariable analysis, and a forward inclusion strategy was used to build final

multivariable models. When variables were highly correlated, only the most clinically relevant

was included as a candidate variable in the multivariable models: CKD-EPI eGFR was used

and not Cystatin C; of the four blood pressure parameters (SBP, DBP, MAP, and PP), only the

parameter most strongly correlated with the outcome of interest was used as a candidate vari-

able, viz. MAP for progression to ESRD, and PP for mortality. Results are presented as a haz-

ard ratio and 95% confidence interval (CI). The effect of adding ETP to a multivariable model

was assessed by the change in chi-square with its associated P value (an increase in chi-square

with a P<0.05 being taken as a significant improvement in model fit).

The primary outcomes of interest were 1) progression to ESRD and 2) death. ESRD was

defined as the initiation of RRT (dialysis or renal transplantation) and was captured through

the use of a local database of all patients who have commenced RRT. Patient mortality was cap-

tured through electronic patient records linked to the Office of National Statistics.

Results

Baseline characteristics

Of the 500 participants, two had an insufficient amount of serum available for analysis, so ETP

levels were measured and analyses performed for 498 participants. No other participants were

excluded from analysis. Baseline demographic, social, clinical, and laboratory data for the

study participants, divided by serum ETP quartile, are presented in Table 1. The cohort was

61.4% male, median age was 64 years (IQR 50–76), and ethnicity was 72.3% white, 18.1%

South Asian, 8.6% black, and 1.0% other. The primary renal diagnosis was ischaemic/hyper-

tensive nephropathy in 28.4%, glomerulonephritis in 18.5%, diabetic kidney disease in 10.5%,

polycystic kidney disease in 6.4%, and other/uncertain in 36.3%. Median eGFR was 26.5 mL/

min/1.73 m2 (IQR 19.4–34.6), and median ACR was 32.1 mg/mmol (IQR 6.2–128.8). Median

follow-up time, calculated using the reverse Kaplan-Meier method, was 37 months (range

0–58), and the shortest duration of event-free follow-up was 18 months; that is, any partici-

pants followed up for less than 18 months had reached a study end-point.

Median ETP level was 23.1 ng/mL (IQR 16.8–30.1). Participants in each ETP quartile were

similar in terms of gender, ethnicity, and socioeconomic status, as shown in Table 1. However,

patients in higher quartiles were older, more likely to have diabetes mellitus (DM), and had

more comorbidity (as assessed by an age-adjusted CCI of�5). Patients in higher quartiles also

had a higher BMI, higher SBP, and lower DBP. Patients in higher quartiles were more likely to

have ischaemic/hypertensive nephropathy or diabetic kidney disease as their primary renal

disease and less likely to have glomerulonephritis, and also had worse renal function (lower

eGFR and higher cystatin C), higher CRP, and higher serum cFLC. There was no significant
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difference between quartiles in MAP and urinary ACR. ETP levels by primary renal disease are

shown in Fig 1.

After log transformation of both variables, there was a strong linear association between

serum ETP level and eGFR (Pearson’s correlation coefficient r = -0.74, P<0.0001), indicating

Table 1. Baseline demographic, social, and clinical characteristics of the cohort, divided into serum ETP quartiles.

ETP Quartile P Completeness of data

1 2 3 4

[6.8–16.8] [16.9–23.0] [23.1–30.0] [30.1–77.5]

n 125 124 125 124

Age (years) 55.3 (14.8) 62.6 (17.5) 66.5 (15.7) 66.0 (14.7) <0.0001 100%

Sex (male) 83 (66.4) 83 (66.9) 69 (55.2) 71 (57.3) 0.12 100%

Ethnicity 0.39 100%

White 92 (73.6) 86 (69.4) 96 (76.8) 86 (69.4)

South Asian 16 (12.8) 24 (19.4) 23 (18.4) 27 (21.8)

Black 15 (12.0) 13 (10.5) 5 (4.0) 10 (8.1)

Other 2 (1.6) 1 (0.8) 1 (0.8) 1 (0.8)

Primary renal diagnosis <0.0001 91%

Ischaemia/hypertension 16 (14.0) 34 (31.5) 34 (29.8) 45 (37.8)

Diabetes 4 (3.5) 8 (7.4) 8 (7.0) 28 (23.5)

Glomerulonephritis 40 (35.1) 20 (18.5) 15 (13.2) 9 (7.6)

Polycystic kidney disease 12 (10.5) 6 (5.6) 6 (5.3) 5 (4.2)

Other/uncertain 42 (36.8) 40 (37.0) 51 (44.7) 32 (26.9)

Co-morbidities 100%

Cerebrovascular disease 10 (8.0) 17 (13.7) 9 (7.2) 18 (14.5) 0.14

COPD 14 (11.2 16 (12.9) 14 (11.2) 16 (12.9) 0.95

Diabetes mellitus 36 (28.8) 33 (26.6) 47 (37.6) 67 (54.0) <0.0001

Ischaemic heart disease 20 (16.0) 25 (20.2) 34 (27.2) 33 (26.6) 0.10

Malignancy 17 (13.6) 19 (15.3) 20 (16.0) 15 (12.1) 0.82

Peripheral vascular disease 5 (4.0) 19 (15.3) 16 (12.8) 11 (8.9) 0.019

Age-adjusted CCI (score�5) 41 (32.8) 67 (54.0) 80 (64.0) 90 (72.6) <0.0001 100%

Smoking status (current smoker) 26 (20.8) 13 (10.5) 15 (12.0) 13 (10.5) 0.048 100%

IMD Score 24.5 (15.7–43.2) 31.7 (18.8–46.1) 28.0 (15.3–43.7) 30.8 (19.7–47.2) 0.18 100%

Body mass index (kg/m2) 28.6 (5.5) 28.5 (5.8) 29.8 (7.1) 32.1 (8.2) <0.0001 99%

Systolic blood pressure (mmHg) 121 (16) 127 (21) 130 (22) 132 (22) <0.0001 100%

Diastolic blood pressure (mmHg) 78 (11) 76 (12) 74 (11) 72 (11) 0.001 100%

Mean arterial pressure (mmHg) 92 (11) 93 (13) 93 (12) 92 (12) 0.91 100%

Pulse pressure (mmHg) 39 (33–48) 48 (47–63) 53 (40–67) 56 (44–72) <0.0001 100%

Serum creatinine (μmol/L) 151 (47.0) 203 (51.2) 238 (66.5) 283 (96.0) <0.0001 99%

Cystatin C (mg/L) 1.69 (0.43) 2.34 (0.42) 2.86 (0.48) 3.34 (0.63) <0.0001 94%

CKD-EPI eGFR (mL/min/1.73m2) 41 (33–54) 28 (23–33) 22 (18–27) 18 (14–24) <0.0001 99%

Albumin creatinine ratio (mg/mmol) 28.0 (4.2–124.4) 30.0 (5.7–115.3) 27.1 (6.5–129.7) 45.4 (9.1–154.7) 0.14 98%

C-reactive protein (mg/L) 1.8 (0.8–4.6) 2.8 (1.2–5.4) 3.5 (1.9–7.0) 4.4 (2.0–11.5) <0.0001 94%

Serum cFLC (mg/L) 49.9 (35.3–62.0) 69.8 (55.7–93.0) 88.8 (71.0–110.8) 115.4 (89.7–157.7) <0.0001 94%

Serum ETP (ng/mL) 13.7 (11.6–15.2) 20.0 (18.4–21.5) 25.9 (24.5–28.2) 36.4 (32.3–42.2) <0.0001 100%

Categorical variables are expressed as number (%), and continuous variables as mean (SD) or median (IQR). ETP = endotrophin; COPD = chronic

obstructive pulmonary disease; CCI = Charlson’s comorbidity index; CKD-EPI = Chronic Kidney Disease Epidemiology Collaboration; eGFR = estimated

glomerular filtration rate; cFLC = combined free light chains.

https://doi.org/10.1371/journal.pone.0175200.t001
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that ETP level increases with decreasing eGFR as shown in Fig 2. ETP level also showed a

strong positive correlation with cFLC (r = 0.67, P<0.0001) and a weak correlation with CRP

(r = 0.25, P<0.0001), as illustrated in Fig 3. There was no significant correlation between ETP

and ACR (r = 0.131, P = 0.07).

Progression to ESRD

One hundred and four (20.9%) participants progressed to ESRD, and the estimated mean time

to ESRD was 48.7 (95% CI 47.0–50.3) months. Univariable Cox regression analysis of baseline

characteristics and their hazard ratio for progression to ESRD is shown in Table 2. ETP level

when analysed as both a continuous variable and by quartiles, was significantly associated with

progression to ESRD. Hazard ratios for an increase in ETP of 5, 10, and 20 ng/mL were 1.34

(1.26–1.42), 1.79 (1.59–2.02), and 3.20 (2.51–4.07), respectively (all P<0.0001), and partici-

pants in the highest quartile had a hazard ratio for progression to ESRD 11-fold that of the low-

est quartile. The number and percentage of patients reaching ESRD in each ETP quartile were

7 (5.6%), 21 (16.9%), 29 (23.2%), and 47 (37.9%) in Q1-Q4, respectively.

Other baseline characteristics significantly associated with increased risk of progression to

ESRD by univariable analysis included South Asian ethnicity, a primary renal diagnosis of dia-

betic nephropathy or polycystic kidney disease, an age-adjusted CCI score <5, absence of

malignancy, higher SBP, higher DBP, higher MAP, higher cystatin C, lower CKD-EPI eGFR,

increasing urine ACR, and higher serum cFLC.

After adjusting for eGFR and ACR, ETP was no longer independently associated with pro-

gression to ESRD (HR 1.19 [0.98–1.45], P = 0.08). Cox p4 follows:-, ows—Quartile ing ESRD

in each quartile was as follows: quartile 1 5.6%, Q2riable and by quartiles, is signifiMultivari-

able Cox regression using a forward selection procedure produced a final model containing

Fig 1. Boxplots showing serum ETP levels by primary renal diagnosis. The interrupted line represents

median ETP level for the whole cohort. ETP = endotrophin.

https://doi.org/10.1371/journal.pone.0175200.g001
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eGFR, ACR, age, MAP, cFLC, and a renal diagnosis of polycystic kidney disease, as shown in

Table 3.

Mortality

Sixty-six (13.3%) participants died, and the estimated mean survival time was 52.0 (95% CI

50.6–53.5) months. Univariable analysis of baseline characteristics and their hazard ratio for

risk of death is shown in Table 2. ETP level was significantly associated with mortality when

analysed as both a continuous variable and by quartiles. Hazard ratios for a 5, 10, and 20 ng/

mL increase in ETP were 1.26 (1.16–1.37), 1.60 (1.35–1.89), and 2.55 (1.83–3.57), respectively

(all P<0.0001), and patients in the highest quartile had a 12-fold increased risk of death relative

to the lowest quartile. The number and percentage of participants in each ETP quartile who

died were 4 (3.2%), 12 (9.7%), 20 (16.0%), and 30 (24.2%), and estimated mean survival times

were 56 (54–57), 54 (51–56), 50 (47–53), and 43 (39–47) months, in Q1-4 respectively. A

Kaplan-Meier plot showing survival by ETP quartile is shown in Fig 4.

Other baseline characteristics significantly associated with an increased risk of mortality

were increasing age, DM, cardiovascular disease (ischaemic heart disease [IHD]), cerebrovas-

cular disease [CVD], peripheral vascular disease [PVD]), an age-adjusted CCI�5, higher SBP,

increased PP, increasing cystatin C, lower eGFR, and higher serum cFLC.

On multivariable analysis, after adjusting for age, eGFR, ACR, co-morbidities, PP and

cFLC, ETP significantly improved model fit (P = 0.030) and remained significantly associated

with mortality (HR 1.51 [1.07–2.12], P = 0.019). A forward selection procedure produced a

final multivariable model for mortality containing age, IHD, ACR, and ETP, as shown in

Table 4. These analyses indicate that ETP remained independently significantly associated

with mortality after adjustment for confounding factors.

Fig 2. Association between renal function and serum ETP level. Scatter plot of ETP by CKD-EPI eGFR

(logarithmic scales), R2 = 0.547.

https://doi.org/10.1371/journal.pone.0175200.g002
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Of the 66 participants who died, the cause of death was available for 58 and was CVD in 17

(29%), malignancy in 16 (28%), infection in 9 (15%), and other in 16 (28%). Median (IQR)

serum ETP was 30.4 (20.5–35.8) for CVD, 24.5 (19.3–29.6) for malignancy, 28.3 (24.9–31.4)

for infection, and 31.4 (25.2–37.0) for other, and was not significantly different when analysed

by cause of death (P = 0.12).

Fig 3. Scatter plots showing the association between ETP and markers of systemic inflammation. a)

ETP by cFLC, R2 = 0.445; b) ETP by CRP, R2 = 0.057. All scales are logarithmic. ETP = endotrophin;

cFLC = combined serum free light chains; CRP = C-reactive protein.

https://doi.org/10.1371/journal.pone.0175200.g003
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Table 2. Univariable Cox regression analysis of variables associated with progression to ESRD and death.

Progression to ESRD Death

Hazard Ratio (95% CI) P Hazard Ratio (95% CI) P

Age (years)a 0.90 (0.81–1.01) 0.08 2.16 (1.72–2.72) <0.0001

Sex 0.61 0.33

Female 1 1

Male 0.90 (0.61–1.34) 1.29 (0.77–2.15)

Ethnicity 0.052 0.80

White 1 1

South Asian 1.84 (1.17–2.90) 0.80 (0.39–1.61)

Black 1.56 (0.84–2.89) 0.65 (0.24–1.80)

Other 0.90 (0.13–6.52) 1.13 (0.16–8.21)

Primary renal diagnosis 0.001 0.012

Ischaemia/hypertension 1 1

Diabetes 2.32 (1.27–4.26) 1.23 (0.57–2.66)

Glomerulonephritis 0.98 (0.53–1.79) 0.12 (0.03–0.49)

Polycystic kidney disease 2.21 (1.13–4.32) 0.36 (0.09–1.53)

Uncertain/other 0.84 (0.49–1.44) 0.62 (0.34–1.14)

Co-morbidities

Cerebrovascular disease 0.93 (0.48–1.78) 0.82 1.92 (1.03–3.59) 0.041

COPD 0.52 (0.24–1.11) 0.09 1.74 (0.95–3.19) 0.07

Diabetes mellitus 0.98 (0.66–1.47) 0.93 2.27 (1.40–3.69) 0.001

Ischaemic heart disease 0.98 (0.62–1.58) 0.95 2.69 (1.65–4.39) <0.0001

Malignancy 0.47 (0.23–0.97) 0.040 1.67 (0.94–2.97) 0.08

Peripheral vascular disease 1.02 (0.55–1.91) 0.94 1.90 (1.02–3.56) 0.044

Age-adjusted CCI (score �5) 0.68 (0.46–1.00) 0.049 17.79 (5.59–56.65) <0.0001

Smoking status 0.96 0.18

Never smoked 1 1

Ex smoker 1.06 (0.70–1.60) 1.56 (0.92–2.63)

Current smoker 1.08 (0.60–1.94) 0.94 (0.40–2.19)

IMD Scorea 1.08 (0.96–1.21) 0.19 1.09 (0.94–1.25) 0.25

Body mass index (kg/m2)b 1.06 (0.92–1.22) 0.45 0.99 (0.82–1.19) 0.92

Systolic blood pressure (mmHg)a 1.19 (1.10–1.29) <0.0001 1.23 (1.12–1.36) <0.0001

Diastolic blood pressure (mmHg)b 1.14 (1.06–1.24) 0.001 0.90 (0.80–1.00) 0.05

Mean arterial pressure (mmHg)b 1.17 (1.09–1.26) <0.0001 1.06 (0.96–1.17) 0.27

Pulse pressure (mmHg) 1.01 (1.00–1.02) 0.017 1.03 (1.02–1.04) <0.0001

Serum creatinine (μmol/L)c 1.27 (1.22–1.32) <0.0001 1.09 (1.02–1.16) 0.010

Cystatin C (mg/L) 3.03 (2.38–3.85) <0.0001 2.38 (1.75–3.24) <0.0001

CKD-EPI eGFR (mL/min/1.73m2)a 0.26 (0.19–0.35) <0.0001 0.57 (0.43–0.76) <0.0001

Albumin creatinine ratio (mg/mmol)a 1.03 (1.03–1.04) <0.0001 1.01 (0.99–1.03) 0.36

C-reactive protein (mg/L)b 0.98 (0.91–1.06) 0.62 1.02 (0.95–1.09) 0.57

Serum cFLC (mg/L)c 1.23 (1.19–1.29) <0.0001 1.19 (1.12–1.27) <0.0001

ETP (ng/mL)a 1.79 (1.59–2.02) <0.0001 1.60 (1.35–1.89) <0.0001

Q1 1 <0.0001 1 <0.0001

Q2 3.36 (1.43–7.90) 3.30 (1.06–10.24)

Q3 4.90 (2.15–11.19) 5.88 (2.01–17.20)

Q4 11.05 (4.98–24.52) 12.14 (4.26–34.54)

ESRD = end-stage renal disease; CI = confidence interval; COPD = chronic obstructive pulmonary disease; CCI = Charlson’s comorbidity index;

CKD-EPI = Chronic Kidney Disease Epidemiology Collaboration; eGFR = estimated glomerular filtration rate; cFLC = combined free light chains;

ETP = endotrophin; Q = quartile.
aAnalysed in 10-unit increases.
bAnalysed in 5-unit increases.
cAnalysed in 20-unit increases.

https://doi.org/10.1371/journal.pone.0175200.t002
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Discussion

Identifying the dominant biological processes associated with worse outcomes in patients with

CKD will facilitate our understanding of pathophysiology and identify targets that may lead to

improved outcomes, both through stratification and intervention. Tissue fibrosis and remodel-

ling have been implicated in both the progression of CKD and the increased mortality risk

associated with CKD. However, little is known about the associations between systemic fibro-

sis and increased clinical risk in human kidney disease. We analysed serum ETP, a marker of

Col6 formation, in a cohort study of high-risk CKD and found an independent relationship

between ETP level and mortality.

There was a significant inverse correlation between eGFR and serum ETP levels, for which

there are several possible explanations. Although the molecular weight of ETP is not known,

Table 3. Final multivariable Cox regression model for progression to ESRD.

Variable Hazard Ratio (95% CI) P

CKD-EPI eGFRa 0.22 (0.15–0.32) <0.0001

ACRa 1.04 (1.03–1.05) <0.0001

Agea 0.72 (0.62–0.83) <0.0001

Mean Arterial Pressureb 1.15 (1.06–1.25) <0.0001

cFLCc 1.14 (1.08–1.20) <0.0001

Polycystic kidney disease 3.34 (1.80–6.18) <0.0001

CI = confidence interval; CKD-EPI = Chronic Kidney Disease Epidemiology Collaboration;

eGFR = estimated glomerular filtration rate; ACR = albumin creatinine ratio; cFLC = combined free light

chains.
aAnalysed in 10-unit increases.
bAnalysed in 5-unit increases.
cAnalysed in 20-unit increases.

https://doi.org/10.1371/journal.pone.0175200.t003

Fig 4. Kaplan-Meier plot showing survival by ETP quartile. 95% CI for quartiles 1 and 4 are represented

by the grey areas. ETP = endotrophin.

https://doi.org/10.1371/journal.pone.0175200.g004
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the correlation may reflect a reduction in renal clearance of ETP as kidney function declines. It

may also reflect increased production of fibrotic tissue, and therefore Col-6 and ETP genera-

tion, in patients with CKD: renal fibrosis is known to be a common pathological pathway in

CKD and may therefore be a contributing source of ETP, but the elevated levels are also likely

to reflect a greater systemic fibrotic burden in patients with more advanced CKD. Our data do

not allow us to determine the relative contributions of these potential explanations for the cor-

relation described. We also recognise the possibility that the assay detects peptides of different

length that all terminate with the 10 amino acid sequence targeted by the ELISA, among which

is ETP.

Higher ETP levels were associated with both an increased risk of progression to ESRD and

an increased risk of death. In multivariable models including conventional risk factors, ETP

was no longer associated with an increased risk of progression to ESRD. However, the signifi-

cant association between ETP and mortality remained, which may suggest a novel contribu-

tion of systemic fibrosis to the increased mortality seen in CKD. Further, ETP was selected

into the final multivariable model for mortality rather than eGFR (one of the most important

prognostic factors for mortality in CKD), indicating superior predictive power in this cohort.

There are several possible reasons for the significant independent association between

serum ETP level and increased mortality risk. In addition to reflecting increased systemic

fibrosis and therefore increased mortality risk, both Col6 and ETP have known adverse effects

which may be associated with reduced survival. For example, Col6 has a major role in platelet

adhesion, which is intimately involved in both atherosclerosis and microvascular pathology.

Col6 binds platelets both directly and via von Willebrand factor (vWF), and of the multiple

subendothelial collagens to which vWF binds, Col6 appears to be especially important [20, 21]

[22]. Col6 also appears to have deleterious effects in the myocardium: Col6 deletion in knock-

out mice is associated with improved cardiac function, structure and remodelling after myo-

cardial infarction, and in humans with hypertrophic cardiomyopathy, increased levels of Col6

positively correlate with cardiac interstitial fibrosis and dysfunction [23, 24]. The hypothesis

that increased Col6 expression may be linked with an increased risk of cardiovascular death

would have been supported had our data revealed a higher serum ETP level in those who died

from CVD. Although this was not the case, the risk of a type II error is significant given the

small numbers in each category of cause of death.

The adverse effects of ETP that might explain its association with increased mortality

include its pivotal role in shaping a metabolically unfavourable microenvironment in adipose

tissue, where it triggers fibrosis and inflammation and ultimately results in systemic elevation

of pro-inflammatory cytokines, insulin resistance, and the metabolic syndrome [25]. We have

recently demonstrated that elevated ETP levels predict response to insulin sensitizers in

Table 4. Final multivariable Cox regression model for mortality.

Variable Hazard Ratio (95% CI) P

Agea 2.20 (1.68–2.87) <0.0001

Ischaemic heart disease 1.78 (1.04–3.04) 0.035

ACRa 1.03 (1.01–1.05) 0.004

ETPa 1.69 (1.32–2.17) <0.0001

ACR = albumin creatinine ratio; ETP = endotrophin.
aAnalysed in 10-unit increases.

https://doi.org/10.1371/journal.pone.0175200.t004
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patients with type 2 DM [26]. Further, ETP has been shown to play a role in promoting

tumour growth and metastasis [3, 4, 27].

It is also possible that the relationship between Col6 expression, ETP level, and increased

mortality is not causal. Rather, ETP may be a confounder, increased in response to factors that

in themselves increase mortality risk. For example, increased ECM deposition may be a conse-

quence of pathogenic triggers such as hypertension and increased vascular sheer stress; nota-

bly, the presence of Col6 has been demonstrated in the thickened intima of atherosclerotic

lesions in humans [28]. Hypertension, DM, and myocardial infarction are also associated with

increased cardiac Col6 expression [29, 30]. However, the role of Col6 in the myocardial fibrosis

seen in patients with CKD is unknown.

The strengths of this study include it being a large prospective cohort, with detailed bio-

clinical phenotyping incorporating multiple risk factors for adverse outcomes. The study’s lim-

itations include it being single-centre, with no validation cohort, and the lack of experimental

data to explore the mechanisms underlying the association between ETP and mortality. How-

ever, this work provides the basis for confirmatory and mechanistic studies in this important

clinical area.

In conclusion, this study shows that serum ETP levels are independently associated with

mortality risk in CKD after adjustment for confounding factors.

Acknowledgments

AF would like to acknowledge The Binding Site Ltd (Birmingham, UK) for the funding of his

research fellowship.

Author Contributions

Conceptualization: AF MDJ CJF MAK PC FG.

Data curation: AF MDJ CJF JS MAK PC FG.

Formal analysis: AF JS FG.

Funding acquisition: PC MAK FG.

Investigation: AF MDJ CJF MAK PC FG.

Methodology: AF MDJ CJF JS MAK PC FG.

Project administration: AF PC FG.

Resources: AF MDJ CJF MAK PC FG.

Supervision: CJF MAK PC FG.

Writing – original draft: AF PC FG.

Writing – review & editing: AF MDJ CJF JS MAK PC FG.

References
1. Chronic Kidney Disease Prognosis C, Matsushita K, van der Velde M, Astor BC, Woodward M, Levey

AS, et al. Association of estimated glomerular filtration rate and albuminuria with all-cause and cardio-

vascular mortality in general population cohorts: a collaborative meta-analysis. Lancet. 2010; 375

(9731):2073–81. https://doi.org/10.1016/S0140-6736(10)60674-5 PMID: 20483451

2. Mutsaers HA, Stribos EG, Glorieux G, Vanholder R, Olinga P. Chronic Kidney Disease and Fibrosis:

The Role of Uremic Retention Solutes. Front Med (Lausanne). 2015; 2:60.

Serum endotrophin and mortality in CKD

PLOS ONE | https://doi.org/10.1371/journal.pone.0175200 April 12, 2017 12 / 14

https://doi.org/10.1016/S0140-6736(10)60674-5
http://www.ncbi.nlm.nih.gov/pubmed/20483451
https://doi.org/10.1371/journal.pone.0175200


3. Park J, Scherer PE. Adipocyte-derived endotrophin promotes malignant tumor progression. J Clin

Invest. 2012; 122(11):4243–56. https://doi.org/10.1172/JCI63930 PMID: 23041627

4. Karousou E, D’Angelo ML, Kouvidi K, Vigetti D, Viola M, Nikitovic D, et al. Collagen VI and hyaluronan:

the common role in breast cancer. Biomed Res Int. 2014; 2014:606458. https://doi.org/10.1155/2014/

606458 PMID: 25126569

5. Cescon M, Gattazzo F, Chen P, Bonaldo P. Collagen VI at a glance. J Cell Sci. 2015; 128(19):3525–31.

https://doi.org/10.1242/jcs.169748 PMID: 26377767

6. Sun S, Henriksen K, Karsdal MA, Byrjalsen I, Rittweger J, Armbrecht G, et al. Collagen Type III and VI

Turnover in Response to Long-Term Immobilization. PLoS One. 2015; 10(12):e0144525. https://doi.

org/10.1371/journal.pone.0144525 PMID: 26641456

7. Vleming LJ, Baelde JJ, Westendorp RG, Daha MR, van Es LA, Bruijn JA. The glomerular deposition of

PAS positive material correlates with renal function in human kidney diseases. Clin Nephrol. 1997; 47

(3):158–67. PMID: 9105762

8. Groma V. Demonstration of collagen type VI and alpha-smooth muscle actin in renal fibrotic injury in

man. Nephrol Dial Transplant. 1998; 13(2):305–12. PMID: 9509439

9. Lennon R, Byron A, Humphries JD, Randles MJ, Carisey A, Murphy S, et al. Global analysis reveals the

complexity of the human glomerular extracellular matrix. J Am Soc Nephrol. 2014; 25(5):939–51.

https://doi.org/10.1681/ASN.2013030233 PMID: 24436468

10. Nerlich AG, Schleicher ED, Wiest I, Specks U, Timpl R. Immunohistochemical localization of collagen

VI in diabetic glomeruli. Kidney Int. 1994; 45(6):1648–56. PMID: 7933812

11. Wu Q, Jinde K, Nishina M, Tanabe R, Endoh M, Okada Y, et al. Analysis of prognostic predictors in idio-

pathic membranous nephropathy. Am J Kidney Dis. 2001; 37(2):380–7. https://doi.org/10.1053/ajkd.

2001.21319 PMID: 11157381

12. Mohan PS, Carter WG, Spiro RG. Occurrence of type VI collagen in extracellular matrix of renal glomer-

uli and its increase in diabetes. Diabetes. 1990; 39(1):31–7. PMID: 2210058

13. Stringer S, Sharma P, Dutton M, Jesky M, Ng K, Kaur O, et al. The natural history of, and risk factors

for, progressive chronic kidney disease (CKD): the Renal Impairment in Secondary care (RIISC) study;

rationale and protocol. BMC Nephrol. 2013; 14:95. https://doi.org/10.1186/1471-2369-14-95 PMID:

23617441

14. National Institute for Health and Clinical Excellence (2008) Chronic kidney disease: early identification

and management of chronic kidney disease in adults in primary and secondary care. NICE guideline

(CG73)

15. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comorbidity

in longitudinal studies: development and validation. J Chronic Dis. 1987; 40(5):373–83. Epub 1987/01/

01. PMID: 3558716

16. Department for Communities and Local Government, 2011, The English Indices of Deprivation 2010

17. Brothwell S, Dutton M, Ferro C, Stringer S, Cockwell P. Optimising the accuracy of blood pressure mon-

itoring in chronic kidney disease: the utility of BpTRU. BMC Nephrol. 2013; 14:218. Epub 2013/10/12.

https://doi.org/10.1186/1471-2369-14-218 PMID: 24112304

18. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman HI, et al. A new equation to esti-

mate glomerular filtration rate. Ann Intern Med. 2009; 150(9):604–12. PMID: 19414839

19. Macy EM, Hayes TE, Tracy RP. Variability in the measurement of C-reactive protein in healthy subjects:

implications for reference intervals and epidemiological applications. Clin Chem. 1997; 43(1):52–8.

Epub 1997/01/01. PMID: 8990222

20. Wu XX, Gordon RE, Glanville RW, Kuo HJ, Uson RR, Rand JH. Morphological relationships of von Will-

ebrand factor, type VI collagen, and fibrillin in human vascular subendothelium. Am J Pathol. 1996; 149

(1):283–91. PMID: 8686752

21. Ross JM, McIntire LV, Moake JL, Rand JH. Platelet adhesion and aggregation on human type VI colla-

gen surfaces under physiological flow conditions. Blood. 1995; 85(7):1826–35. PMID: 7703489

22. Rick ME. Biology and normal function of von Willebrand factor. In: UpToDate, Post TW (Ed), UpTo-

Date, Waltham, MA. (Accessed on September 24, 2016.)

23. Luther DJ, Thodeti CK, Shamhart PE, Adapala RK, Hodnichak C, Weihrauch D, et al. Absence of type

VI collagen paradoxically improves cardiac function, structure, and remodeling after myocardial infarc-

tion. Circ Res. 2012; 110(6):851–6. https://doi.org/10.1161/CIRCRESAHA.111.252734 PMID:

22343710

24. Kitamura M, Shimizu M, Ino H, Okeie K, Yamaguchi M, Funjno N, et al. Collagen remodeling and car-

diac dysfunction in patients with hypertrophic cardiomyopathy: the significance of type III and VI colla-

gens. Clin Cardiol. 2001; 24(4):325–9. PMID: 11303702

Serum endotrophin and mortality in CKD

PLOS ONE | https://doi.org/10.1371/journal.pone.0175200 April 12, 2017 13 / 14

https://doi.org/10.1172/JCI63930
http://www.ncbi.nlm.nih.gov/pubmed/23041627
https://doi.org/10.1155/2014/606458
https://doi.org/10.1155/2014/606458
http://www.ncbi.nlm.nih.gov/pubmed/25126569
https://doi.org/10.1242/jcs.169748
http://www.ncbi.nlm.nih.gov/pubmed/26377767
https://doi.org/10.1371/journal.pone.0144525
https://doi.org/10.1371/journal.pone.0144525
http://www.ncbi.nlm.nih.gov/pubmed/26641456
http://www.ncbi.nlm.nih.gov/pubmed/9105762
http://www.ncbi.nlm.nih.gov/pubmed/9509439
https://doi.org/10.1681/ASN.2013030233
http://www.ncbi.nlm.nih.gov/pubmed/24436468
http://www.ncbi.nlm.nih.gov/pubmed/7933812
https://doi.org/10.1053/ajkd.2001.21319
https://doi.org/10.1053/ajkd.2001.21319
http://www.ncbi.nlm.nih.gov/pubmed/11157381
http://www.ncbi.nlm.nih.gov/pubmed/2210058
https://doi.org/10.1186/1471-2369-14-95
http://www.ncbi.nlm.nih.gov/pubmed/23617441
http://www.ncbi.nlm.nih.gov/pubmed/3558716
https://doi.org/10.1186/1471-2369-14-218
http://www.ncbi.nlm.nih.gov/pubmed/24112304
http://www.ncbi.nlm.nih.gov/pubmed/19414839
http://www.ncbi.nlm.nih.gov/pubmed/8990222
http://www.ncbi.nlm.nih.gov/pubmed/8686752
http://www.ncbi.nlm.nih.gov/pubmed/7703489
https://doi.org/10.1161/CIRCRESAHA.111.252734
http://www.ncbi.nlm.nih.gov/pubmed/22343710
http://www.ncbi.nlm.nih.gov/pubmed/11303702
https://doi.org/10.1371/journal.pone.0175200


25. Sun K, Park J, Gupta OT, Holland WL, Auerbach P, Zhang N, et al. Endotrophin triggers adipose tissue

fibrosis and metabolic dysfunction. Nat Commun. 2014; 5:3485. https://doi.org/10.1038/ncomms4485

PMID: 24647224

26. Karsdal MA, Henriksen K, Genovese F, Leeming DJ, Nielsen MJ, Riis BJ, et al. Serum endotrophin

identifies optimal responders to PPARgamma agonists in type 2 diabetes. Diabetologia. 2016.

27. Park J, Scherer PE. Endotrophin—a novel factor linking obesity with aggressive tumor growth. Oncotar-

get. 2012; 3(12):1487–8. https://doi.org/10.18632/oncotarget.796 PMID: 23455368

28. Katsuda S, Okada Y, Minamoto T, Oda Y, Matsui Y, Nakanishi I. Collagens in human atherosclerosis.

Immunohistochemical analysis using collagen type-specific antibodies. Arterioscler Thromb. 1992; 12

(4):494–502. PMID: 1373075

29. Spiro MJ, Crowley TJ. Increased rat myocardial type VI collagen in diabetes mellitus and hypertension.

Diabetologia. 1993; 36(2):93–8. PMID: 8458534

30. Naugle JE, Olson ER, Zhang X, Mase SE, Pilati CF, Maron MB, et al. Type VI collagen induces cardiac

myofibroblast differentiation: implications for postinfarction remodeling. Am J Physiol Heart Circ Physiol.

2006; 290(1):H323–30. https://doi.org/10.1152/ajpheart.00321.2005 PMID: 16143656

Serum endotrophin and mortality in CKD

PLOS ONE | https://doi.org/10.1371/journal.pone.0175200 April 12, 2017 14 / 14

https://doi.org/10.1038/ncomms4485
http://www.ncbi.nlm.nih.gov/pubmed/24647224
https://doi.org/10.18632/oncotarget.796
http://www.ncbi.nlm.nih.gov/pubmed/23455368
http://www.ncbi.nlm.nih.gov/pubmed/1373075
http://www.ncbi.nlm.nih.gov/pubmed/8458534
https://doi.org/10.1152/ajpheart.00321.2005
http://www.ncbi.nlm.nih.gov/pubmed/16143656
https://doi.org/10.1371/journal.pone.0175200

