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Abstract

A major component of increased mortality risk in people with chronic kidney disease (CKD)
is associated with non-traditional cardiovascular risk factors including markers of inflamma-
tion. We studied whether a novel marker of systemic inflammation, elevated serum com-
bined polyclonal immunoglobulin free light chains (cFLC), was an independent risk factor
forincreased all-cause mortality in people with CKD stage 3. In a prospective community
based cohort study, 1695 participants with stage 3 CKD and no cases of monoclonal gam-
mopathy had cFLC concentrations measured. cFLC levels were determined using the sum-
mation of Freelite kappa and lambda assays. All other bioclinical variables were collected at
the time of sample collection. Kaplan-Meier plots and Cox proportional hazards analysis
was used to assess the relationship between high cFLC levels (>43.3 mg/L) and mortality.
There were 167 deaths (10%) after a median of 1375 days. cFLC levels at recruitment were
higher in participants who died compared with those who were alive at the end of the study;
median: 46.5 mg/L (IQR: 36.1-65.4 mg/L) and 35.4 mg/L (28.1-46.6 mg/L) respectively, P
<0.001. Kaplan-Meier survival analysis demonstrated participants with cFLC >43.3 mg/L
levels had an increased risk of mortality compared to people with normal cFLC levels (P
<0.001). Elevated cFLC levels were independently associated with worse survival (Hazard
ratio: 1.50; 95% confidence interval: 1.04-2.16; P=0.03). Other independent risk factors for
worse survival were: older age, male gender, previous cardiovascular event, lower eGFR
and higher high sensitivity C-reactive protein (hsCRP). To conclude, high cFLC levels pre-
dict increased mortality in people with stage 3 CKD, independent of established risk factors
and other markers of inflammation.
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Introduction

Chronic kidney disease (CKD) is associated with an increased risk of mortality that increases
as glomerular filtration rate (GFR) decreases below 60 ml/min per 1.73m” [1, 2]. Whilst some
of the increased mortality risk is associated with traditional cardiovascular risk factors, includ-
ing hypertension, diabetes and dyslipidaemia, a major component is attributable to non-
traditional factors [3, 4]. Among these, systemic inflammation is emerging as an important
contributor to the pathogenesis of cardiovascular disease (CVD) associated with CKD. Previ-
ous studies have focused on C-reactive protein (CRP) or cytokines as markers of inflammation
[5, 6] but alternative biomarkers are needed to further improve detection of a subclinical
inflammatory state and facilitate risk prediction in individuals with CKD.

One novel biomarker of systemic inflammation is serum free light chains (FLC). Each cell of
the B-cell lineage produces one of two isotypes of immunoglobulin (Ig) light chain (LC), kappa
(x) or lambda (X). The majority of Ig LC produced is incorporated into intact Ig molecules, but
around 500 mg/day is released into the extracellular compartment [7, 8]. At molecular weights
of ~22.5 kDa (kFLC) and ~45 kDa (AFLC), these molecules are predominantly cleared by the
kidneys and therefore accumulate with declining kidney function [9, 10]. In addition, elevated
polyclonal FLC levels occur with global immune activation [11, 12] and may therefore serve as
a marker of systemic inflammation. Moreover, recent studies have shown that elevated com-
bined polyclonal FLC levels (cFLC = xFLC plus AFLC) are associated with increased mortality
in both community based and secondary care non-CKD cohorts [13-15].

We have previously shown a weak independent association between AFLC levels and mor-
tality in a cohort of people with advanced CKD (median eGFR 21.9 ml/min per 1.73m?) and
high vascular comorbidity recruited from secondary care clinics [16] and a stronger association
was seen between cFLC and mortality in a larger secondary care cohort incorporating all non-
dialysis CKD stages [17]. However there has been no assessment of the relationship between
cFLC and mortality in early CKD when the patient would still be under the care of a general
practitioner, and when risk stratification is arguably even more important. Therefore, the pur-
pose of this study was to assess the relationship between cFLC levels and mortality in a cohort
of people with early CKD, predominantly stage 3. Elevated cFLC was independently associated
with poorer overall survival within this population.

Materials and Methods

The Renal Risk in Derby (R’ID) study is a large prospective cohort study to investigate out-
comes in 1741 patients with early CKD under follow-up by a primary care physician. Partici-
pants were recruited directly from 32 community (primary care) medical centres on the basis
of two previous eGER values of 30-59 ml/min per 1.73m? at least 3 months apart. Due to intra-
patient variability in the eGFR test, some patients had an eGFR value outside the stage 3 CKD
range at the first study visit. These patients were included in the study because they met the
entry criteria prior to the first study visit. First study sample collections were conducted
between August 2008 to March 2010 and last follow-up was set to 24™ February 2014 (Fig 1).
The study collected a detailed bioclinical dataset including serum samples that were aliquoted
and stored at -80°C for future analysis. Detailed methods have been published previously [18-
20]. The cohort is under long-term follow-up for clinical outcomes including mortality.
Forty-six participants (3%) recruited in the complete cohort were not included in this study
as they had evidence of a monoclonal gammopathy as defined by the presence of a monoclonal
band by serum protein electrophoresis (SPE) and immunofixation electrophoresis (IFE) (Sebia
Hydragel Immunofixation PE kit on the Hydrasys system) and/or an abnormal FLC ratio, indi-
cating clonal expression of FLC, as determined using the renal reference range (0.37-3.1) [9].
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Fig 1. Study flow diagram.

doi:10.1371/journal.pone.0129980.g001

FLC values obtained in the study population were compared with values previously obtained in
a group of normal volunteers (N = 282, age range: 21-90 years), using the same assay, details of
which have been published previously [21].

The study was approved by the Nottingham Research Ethics Committee 1 and abides by the
principles of the Declaration of Helsinki. All participants provided written consent. The study
was included on the National Institute for Health Research (NIHR) Clinical Research Network
Portfolio (NTHR Study ID: 6632) and was independently audited by QED Clinical Services in
November 2009.
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Outcome data

Participants were registered with the UK Health and Social Care Information Service to obtain
date and cause (as recorded on the death certificate) of all deaths. The cause of death was classi-
fied independently by three clinical investigators as cardiovascular, cancer, infection and other.
Differences in classification were resolved through discussion to reach a consensus.

Laboratory analyses

Samples were analysed for serum KFLC, serum AFLC [22] (Freelite, The Binding Site Group
Ltd, Birmingham, UK) and serum high-sensitivity CRP (hsCRP, Roche Diagnostics, Newha-
ven, UK). Assays were performed using a Roche Modular P Analyser (Roche Diagnostics) and
run in accordance with the manufacturer’s instructions. The normal reference ranges used for
the FLC analyses were: kFLC 3.3-19.4 mg/L, AFLC 5.71-26.3 mg/L [21]. The ¢FLC concentra-
tion was calculated for each sample by addition of the kFLC and AFLC values. The published
95" percentile normal range for cFLC is 9.3-43.3 mg/L [14].

The creatinine assay has been standardized against an isotope dilution mass spectrometry
(IDMS) method and the 4-variable Modification of Diet in Renal Disease (MDRD) equation
modified for use with IDMS standardized creatinine measurement was used to estimate GFR.
This study was commenced prior to publication of the CKD-EPI formula and eGFR derived
from the MDRD formula was therefore used for recruitment and baseline study assessments.

Clinical outcomes and statistical analysis

Statistical differences between cFLC and other biomarkers on a continuous scale were assessed
using Kruskall-Wallis or Mann Whitney U tests. Categorical variables were compared using
Chi-squared analysis. Correlation analyses were performed using Spearman rank analysis.

Univariate and multivariable logistic regression analyses were used to identify the associa-
tions of elevated cFLC (>43.3 mg/L). The multivariable model included variables that were sta-
tistically significant (P <0.05) on univariate analyses (with the exception of total cholesterol/
HDL ratio as cholesterol and HDL were included separately). Variables were also excluded
from the multivariable model where there was no clear clinical rationale for their inclusion
(sodium, potassium and urea).

The cohort was followed prospectively until death or the end of the study period. Patients
who were alive at the end of the study were censored according to their follow up time. A
Kaplan-Meier curve was generated to determine the frequency of death over the period of fol-
low up. Log-rank analysis was used to calculate the significance. Univariate analysis was used
to determine which factors were associated with time to mortality. Univariate comparisons
were made with subsequent addition of variables to the multivariable Cox proportional hazards
model if they were found to have P <0.10 on univariate analysis and were considered clinically
relevant. The order of addition of variables was socio-demographic (age, gender) and then clin-
ical or laboratory (CVD, diabetes, hypertension, smoking, BMI, central obesity, total: HDL
cholesterol ratio, eGFR, uACR, hemoglobin (Hb), platelets, white blood cell count (WBC), cho-
lesterol, HDL, uric acid, diastolic blood pressure (DBP). The primary outcome was all-cause
mortality. Despite meeting the inclusion criteria (and therefore having a clinical diagnosis of
CKD stage 3), some participants were found to have a baseline eGFR >60ml/min per 1.73m>,
Sensitivity analyses were therefore conducted in only those whose baseline eGFR was <60ml/
min per 1.73m? (n = 1283). All statistical analysis was performed using SPSS v19.0 (SPSS Chi-
cago, USA) and Stata v12.0 (StataCorp. 2011. Stata Statistical Software: Release 12. College Sta-
tion, TX: StataCorp LP).

PLOS ONE | DOI:10.1371/journal.pone.0129980 July 1,2015 4/15



@'PLOS ‘ ONE

FLC Predict Mortality in Stage 3 CKD

Results
Population characteristics and biochemical markers

The baseline demographic and laboratory data of the study population are shown in Tables 1
and 2. Subjects were predominantly white (97%) and female (61%), with a median age of 74
years (interquartile range (IQR): 67-79 years). 17% had diabetes and 22% had previous cardio-
vascular event (as defined by a self-reported previous cardiovascular event). The median eGFR
was 53.2 ml/min per 1.73m? (IQR: 45.6-59.8 ml/min per 1.73m?).

Polyclonal serum free light chains

The median serum kFLC concentration was 19.2 mg/L (IQR: 14.4-25.5 mg/L) and serum
AFLC concentration was 17.3 mg/L (IQR: 13.5-22.7 mg/L) (Table 2); these were significantly
elevated compared to previously reported FLC values in a normal healthy control population
[21, 23] (kFLC median 7.3 mg/L; AFLC median 12.4 mg/L, P <0.001) (Fig 2A and 2B). The
median cFLC concentration for the CKD population was 36.3 mg/L (IQR: 28.6-47.9 mg/L)
(Table 2 and Fig 2C); median /AFLC ratio was 1.1 (IQR: 0.9-1.3), which was significantly
higher than controls, P <0.001 (Fig 2D). Males had significantly elevated cFLC concentrations
compared to females: 41.95 mg/L (IQR:32.86-54.78 mg/L) vs 33.31 mg/L (IQR:26.85-44.32
mg/L) respectively P <0.001 (Fig 3). cFLC levels were elevated (>43.3 mg/L) in 584 (34%)
patients. cFLC correlated inversely with eGFR (rho = -0.49, P <0.0001; Fig 4, Table 3). Weak
but significant correlations were observed between cFLC and albumin (rho = -0.28), hsCRP
(rho = 0.19), Hb (rho = -0.22), cholesterol (rho = -0.25), HDL cholesterol (rho = -0.23), PWV
(tho =0.11), uACR (rho = 0.32), DBP (rho = -0.14) and WHR (rho = 0.27) (P <0.01 for all).
There was no significant correlation between ¢cFLC and BMI, calcium or phosphate levels.

Table 1. Baseline patient demographics and clinical variables in relation to serum cFLC levels.

Variable

Age (Years)

Male (%) Female (%)
Ethnicity (%)
White

Asian
African-Caribbean
Other

Smoker (%)

Total pack years
Diabetic (%)
Previous CVD (%)
BMI (kg/m?)

WHR

PWV (m/s)

SBP (mmHg)

DBP (mmHg)

Whole CKD population cFLC <43.3mg/L N = 1111 cFLC >43.3mg/L N = 584 P value
74 (67-79) 73 (66-78) 76 (70-81) <0.001
39 61 33 67 53 47 <0.001
97 98 5]

1.7 1 3 0.03
0.3 0.1 0.7

1 0.9 1.3

5 4 6 0.05
0.8 (0-195) 0 (0-195) 5 (0-141) <0.001
17 14 23 <0.001
22 20 27 0.03
28.6 (25.7-31.9) 28.6 (25.7-31.9) 28.5 (25.7-31.8) 0.70
0.9 (0.8-1.0) 0.9 (0.8-1.0) 0.9 (0.9-1.0) <0.001
9.8 (8.5-11.1) 9.6 (8.5-10.9) 10 (8.7-11.3) 0.01
133 (122.3-114.0) 133 (122.0-143.0) 134 (122.7-146.3) 0.07
73.0 (65.0-80.3) 73.7 (66.0-81.3) 70.3 (62.7-79.0) <0.001

Categorical variables analysed using Chi-square test and continuous variables were analysed using independent Mann-Whitney U test. ACR = urinary
albumin/creatinine ratio, BMI = body mass index, cFLC = combined free light chains, CVD = cardiovascular disease, DBP = diastolic blood pressure,
PWV = pulse wave velocity, SBP = systolic blood pressure, WHR = waist hip ratio.

doi:10.1371/journal.pone.0129980.t001

PLOS ONE | DOI:10.1371/journal.pone.0129980 July 1,2015 5/15



@'PLOS ‘ ONE

FLC Predict Mortality in Stage 3 CKD

Table 2. Baseline patient characteristics in relation to serum cFLC levels.

Variable

Urea (mmol/L)

eGFR (ml/min per 1.73m?)
Albumin (g/L)
Potassium (mmol/L)
Sodium (mmol/L)
Bicarbonate (mmol/L)
Total Protein (g/L)
Cholesterol (mmol/L)
HDL (mmol/L)

Uric acid (umol/L)

Hb (g/L)

Correted calcium (mmol/L)
Phosphate (mmol/L)
hsCRP (mg/L)

ACR (mg/mmol)
Platelet count (x10%/uL)
WBC (x10%/uL)

Serum kFLC (mg/L)
Serum AFLC (mg/L)

K/A ratio

cFLC (mg/L)

Categorical variables analysed using Chi-square test and continuous variables were analysed using independent Mann-Whitney U test. NA = not

Whole CKD population cFLC <43.3mg/L N = 1111 cFLC >43.3mg/L N = 584 P value
8 (6.6-9.9) 7.4 (6.3-8.7) 9.5 (7.8-11.5) <0.001
53.2 (45.6-59.8) 56.0 (49.6-61.7) 46.2 (39.2-53.7) <0.001
41 (39-43) 41 (39-43) 40 (38-42) <0.001
4.4 (4.1-4.7) 4.3 (4.1-4.6) 4.5 (4.2-4.8) <0.001
140 (138-141) 140 (138-142) 139 (138-141) <0.001
26 (24-27) 26 (24-27) 25 (23-27) <0.001
74 (71=77) 74 (71-77) 75 (71-78) <0.001
4.6 (3.9-5.5) 4.8 (4.1-5.7) 4.3 (3.6-5.1) <0.001
1.4 (1.1-1.7) 1.5(1.2-1.8) 1.3 (1-1.6) <0.001
379 (320—441) 360 (307—418) 415 (355-481) <0.001
133 (123-141) 134 (125-143) 128 (119-138) <0.001
24 (2.3-24) 24 (2.3-2.4) 24 (2.3-24) 0.78
1.1 (1-1.2) 1.1 (1-1.2) 1.1 (1-1.2) 0.18
2.23 (1.14-4.62) 2.02 (1.1-3.9) 2.97 (1.4-5.6) <0.001
0.3 (0-1.5) 0.2 (0-0.8) 1.0 (0.1-4.1) <0.001
239 (202—284) 239 (206—284) 237 (197-284) 0.59
6.9 (5.8-8.1) 6.7 (5.8-8.0) 7.1 (6.0-8.3) <0.001
19.2 (14.4-25.5) NA NA NA
17.3 (13.5-22.7) NA NA NA

1.1 (0.9-1.3) NA NA NA
36.3 (28.6—47.9) NA NA NA

applicable, ACR = urinary albumin/creatinine ratio cFLC = combined free light chains, eGFR = estimated glomerular filtration rate (calculated using the

Modification of Diet in Renal Disease (MDRD) equation), FLC = free light chains, Hb = hemoglobin, k = kappa, HDL = high density lipoprotein,

hsCRP = high sensitivity C-reactive protein, A = lambda, WBC = white blood cell count.

doi:10.1371/journal.pone.0129980.t002

Participants with elevated cFLC (>43.3 mg/L) were older, had a higher waist to hip ratio
(WHR), elevated pulse wave velocity (PWV), higher urinary albumin to creatinine ratio
(uACR), elevated serum hsCRP and uric acid levels. Elevated cFLC was associated with lower
levels of Hb, reduced albumin, and lower eGFR (Tables 1 and 2).

On univariate logistic regression analysis at baseline, elevated cFLC was associated with age,
gender, diabetes, previous cardiovascular event, hypertension, smoking, eGFR, uACR, hsCRP,
PWYV, serum albumin, Hb, WBC, total protein, bicarbonate, cholesterol, HDL, and uric acid.
The associations with age, gender, smoking, eGFR, uACR, serum albumin, Hb, total protein,
cholesterol and HDL cholesterol were maintained after full adjustment (Table 4).

Survival analysis

At analysis, the median duration of patient follow-up was 1375 days (1152-1502). There were
167/1695 deaths from all causes (10%). Of the total deaths, 102 patients (61%) had elevated
cFLC. The most frequent primary causes of death were CVD (42%), infections (29%), cancer
(21%) and death due to other causes (8%). The median cFLC concentration at recruitment was
significantly higher in participants who died compared with those who were alive at the end of
the observation period; 46.5 mg/L (IQR: 36.1-65.4 mg/L) vs 35.4 mg/L (IQR: 28.1-46.6 mg/L),
P <0.001. Kaplan-Meier survival analysis demonstrated that patients with a cFLC level in the
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Fig 2. Serum FLC concentration in people with stage 3 chronic kidney disease versus normal controls. A) kfree light chains (FLC), B) AFLC and C)
Combined free light chains (cFLC) levels were elevated in people with chronic kidney disease (CKD) (circles) versus published normal control individuals
[21]. D) The FLC /A ratio was also significantly higher in people with CKD compared to the healthy control population. Median and ranges are indicated

(black bars).
doi:10.1371/journal.pone.0129980.9002

normal range (<43.3 mg/L) had better overall survival than those with cFLC >43.3 mg/L (log-
rank analysis, P <0.001) (Fig 5).

Univariate Cox proportional hazards analysis identified a number of factors that were sig-
nificantly associated with higher all-cause mortality (Table 5). Multivariable analyses showed
that elevated cFLC concentration was an independent predictor of all-cause mortality in addi-
tion to older age, gender, previous cardiovascular event, lower eGFR and higher hsCRP con-
centrations (Table 5). Sensitivity analysis including only patients with eGFR <60ml/min per
1.73m? at baseline gave similar results although there was no longer an association with eGFR
on multivariable analysis (HR: 0.99; 95% CI: 0.97-1.02); all other associations remained.

Discussion

Previous studies have reported an association between elevated FLC and increased risk of mor-
tality in 2 independent cohorts of patients with advanced CKD attending specialist nephrology
clinics in secondary care. Here, we have identified serum cFLC levels as an independent predic-
tor of reduced survival in a large cohort of people with relatively early stage CKD, most of

whom had never been referred to a nephrologist. Furthermore, this study represents the largest
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doi:10.1371/journal.pone.0129980.g003

cohort of people with a known chronic disease that have been assessed for cFLC levels and
mortality. Our observations therefore support the hypothesis that systemic inflammation is an
important contributor to CVD and excess mortality in CKD. Moreover, our finding that ¢cFLC
was a predictor of reduced survival independent of hsCRP, suggests that cFLC is a more sensi-
tive biomarker of systemic inflammation that adds prognostic information to hsCRP alone.
We focused on stage 3 CKD because it includes the majority of patients with known CKD and
is a heterogeneous group with variable prognosis in who improved risk stratification would be
clinically useful. We chose survival as the primary outcome for this analysis because the major
risk to these patients is decreased survival primarily due to CVD, rather than progression to

1000
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Fig 4. Correlation of cFLC and eGFR. There was a significant inverse association with cFLC (combined
serum free light chains) and estimated glomerular filtration rate (eGFR) (rho = -0.49, P <0.0001). Spearman
rank correlation was performed.

doi:10.1371/journal.pone.0129980.g004
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Table 3. Correlation of cFLC with other clinical markers.

Correlation of cFLC with: Spearman rho P value
Age 0.25 <0.001
Serum albumin -0.28 <0.001
eGFR -0.49 <0.001
hsCRP 0.19 <0.001
Haemoglobin -0.22 <0.001
Cholesterol -0.25 <0.001
HDL -0.23 <0.001
Uric acid 0.32 <0.001
PWV 0.11 <0.001
ACR 0.32 <0.001
DBP -0.14 <0.001
SBP 0.05 0.03
BMI -0.03 0.20
WHR 0.27 <0.001
Calcium -0.14 0.562
Phosphate 0.016 0.525

Correlation analyses (Spearman rho) were performed between cFLC and other clinical and laboratory
markers in CKD. ACR = urinary albumin/creatinine ratio, BMI = body mass index, DBP = diastolic blood
pressure, eGFR = estimated glomerular filtration rate, HDL = high density lipoprotein, hsCRP = high
sensitivity C- reactive protein, PWV = pulse wave velocity, SBP = systolic blood pressure, WHR = waist hip
ratio.

doi:10.1371/journal.pone.0129980.t003

end-stage kidney disease [24]. The prognostic value of ¢cFLC is particularly important in this
context because cardiovascular risk prediction tools developed for the general population do
not take account of non-traditional risk factors and tend to underestimate risk in people with
CKD [25]. Whilst the risk of adverse outcomes in the CKD 3 population is less than those
patients with advanced disease, risk assessment of these patients remains of key importance.
The CKD 3 population make up the majority of patients diagnosed with CKD, however many
of these patients remain under the care of their general practitioner rather than a specialist
nephrology team. Nevertheless, these patients have an increased risk of mortality (165%
increased compared to a non-CKD population), hospitalisation due to cardiovascular compli-
cations (46% increased) and infection (42% increased) [26]. Therefore it is arguably more
important to improve the stratification of these patients for risk of adverse outcomes so that
their management can be adjusted accordingly.

We defined high cFLC concentrations as serum levels above the upper limit of the normal
range in a healthy population [14]. We found that these levels were associated with an increased
risk of death as assessed by Kaplan-Meier analysis and that cFLC remained independently asso-
ciated with an increased risk of death by multivariate Cox proportional hazards analysis. Other
independent variables associated with death included age, gender, eGFR, previous cardiovascu-
lar event and raised hsCRP. Thus, cFLC was a predictor of reduced survival independent of pre-
viously identified predictors.

A previous study that assayed for monoclonal proteins (including monoclonal FLC) and
polyclonal FLC in patients with advanced CKD and high cardiovascular comorbidity showed a
weak independent association between increasing AFLC levels and CKD-related outcomes; the
study was conducted in a smaller secondary care population with advanced CKD (median
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Table 4. Associations of elevated cFLC (>43.3 mg/L): univariate and multivariable logistic regression analyses.

Variable

Age (Years)

Gender (vs female)
Diabetes (vs no diabetes)

CVD (vs no CVD)

Hypertension (vs no hypertension)
Smoking (vs never smokers)

eGFR (ml/min per 1.73m?)

ACR*

High sensitivity CRP* (mg/L)

PWV (m/s)

Serum albumin (g/L)

Hb (g/dL)
WBC (x10°)
Total protein (g/L)

Bicarbonate (mmol/L)
Cholesterol (mmol/L)
HDL Cholesterol (mmol/L)

Uric acid (umol/L)

Total:HDL cholesterol ratio
Central obesity (vs not centrally

obese)
BMI (kg/m?)

Platelet count (x10°)
Corrected calcium (mmol/L)
Phosphate (mmol/L)

Categories Univariate OR (95% P Final multivariable model* OR (95% P
Cl) value Cl) value
1.05 (1.03-1.06) <0.001 1.03 (1.01-1.05) 0.004
2.43 (1.97-2.98) <0.001  1.88 (1.37-2.58) <0.001
People with diabetes 1.82 (1.40-2.35) <0.001 0.88 (0.62-1.25) 0.49
People with CVD 1.50 (1.22-1.85) <0.001 0.86 (0.64-1.14) 0.28
People with hypertension  3.80 (2.04-7.09) <0.001  1.11 (0.70-1.75) 0.67
Current smoker 1.73 (1.08-2.78) <0.001 2.13(1.10-4.12) 0.03
Ex-smoker 1.74 (1.41-2.15) 1.31 (0.99-1.72)
0.91 (0.89-0.92) <0.001  0.93 (0.91-0.94) <0.001
1.49 (1.39-1.61) <0.001 1.28 (1.17-1.40) <0.001
2.08 (1.68—2.59) <0.001 0.91 (0.67-1.24) 0.56
1.09 (1.04-1.15) 0.001  0.95 (0.88-1.02) 0.14
0.86 (0.83-0.89) <0.001 0.77 (0.73-0.81) <0.001
0.74 (0.69-0.80) <0.001  0.80 (0.72-0.88) <0.001
1.07 (1.02-1.13) 0.009 0.95 (0.89-1.02) 0.14
1.07 (1.04-1.09) <0.001 1.20 (1.16-1.24) <0.001
0.91 (0.88-0.95) <0.001 0.95 (0.91-1.00) 0.05
0.71 (0.64-0.78) <0.001 0.77 (0.67-0.88) <0.001
0.34 (0.26-0.44) <0.001  0.63 (0.44-0.89) 0.009
1.01 (1.01-1.01) <0.001 1.00 (1.00-1.00) 0.06
1.09 (1.00-1.18) 0.05 - -
People with central 1.16 (0.87-1.54) 0.32 - -

obesity

1.00 (0.98-1.02) 063 - =
1.00 (1.00-1.00) 064 - .
0.85 (0.31-2.34) 076 - =
1.61 (0.92-2.85) 010 - =

All variables are continuous except for gender, diabetes, previous cardiovascular event, hypertension, smoking status and central obesity.

#Log transformed variable.

*Adjusted for age, gender, diabetes, cardiovascular disease, hypertension, smoking, eGFR, uACR, hsCRP, pulse wave velocity, serum albumin, Hb,
WBC, total protein, bicarbonate, cholesterol, HDL, and uric acid. OR = Odds ratio, 95% CI = 95% confidence interval. ACR = albumin/creatinine ratio,
BMI = body mass index, CVD = cardiovascular disease, cFLC = combined free light chains, HDL = high density lipoprotein, hsCRP = high sensitivity C-
reactive protein,, WBC = white blood cell count. Significant variables are highlighted in bold.

doi:10.1371/journal.pone.0129980.t004

eGFR 21.9 ml/min per 1.73m?) and a high prevalence of pre-existing CVD [16]. Markers of
cardiac injury were also included in this study and these independently associated with mor-
tality [16]. A recent study of 848 patients recruited from nephrology clinics with all stages of
non-dialysis CKD (median eGFR 45 ml/min per 1.73m? median urine ACR 10 mg/mmol)
showed a stronger association when cardiac biomarkers were not included [17]. For compari-
son, the median eGFR in our primary care population was 53 ml/min per 1.73m”*and median
urine ACR was 0.3 mg/mmol. Our data therefore confirm and extend these observations by
showing that serum cFLC concentration is a risk factor for reduced survival also in the early
stages of CKD.

The rationale for using cFLC to aid stratification of CKD is twofold. Firstly, FLC represent a
sensitive marker of kidney function, with an exponential relationship between their serum lev-
els and eGFR [9]. This reflects the renal clearance of the molecules; individuals with normal
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Fig 5. Kaplan-Meier plot of survival in people with elevated (>43.3mg/L) versus normal combined
serum cFLC concentration. Participants with combined free light chains (cFLC) <43.3 mg/L had
significantly longer overall survival compared to participants with cFLC >43.3 mg/L. Log rank analysis: P
<0.001. Note that the x axis does not intersect the y axis at zero.

doi:10.1371/journal.pone.0129980.9005

kidney function typically clear kFLC in 2-4 hours at approximately 40% of the glomerular fil-
tration rate and AFLC are cleared inbetween 3-6 hours at 20% of the glomerular filtration rate
[27]. The secondary route of clearance for FLC is through the reticulo-endothelial system
(RES). With end stage kidney disease and dominant clearance by the RES, the half-life of FLC
extends from 2-6 hours to several days [8].

Secondly, polyclonal FLC represent a dynamic marker of the adaptive immune system [11,
28] as the clearance of the molecules is far more rapid than intact immunoglobulins; IgG has a
half-life of around 21 days, IgA and IgM have half-lives of approximately 5-6 days [29, 30].
There are now several publications which describe the relationship between cFLC levels and
disease activity in inflammatory diseases [11, 31-33], infections [15, 34, 35] and malignancies
[36]. Moreover, inflammation is increasingly recognized as an important factor in the patho-
genesis of CVD, with or without CKD. Recently, two studies have reported a relationship
between elevated cFLC levels and mortality in general populations. Dispenzieri and colleagues
showed that for each higher decile of cFLC, there was an increased risk of mortality in over
15,000 people from Olmsted County [14]. Similarly, in a study of individuals who had FLC
measured to screen for a monoclonal disease but had no evidence of monoclonality, elevated
cFLC was an independent risk factor for death [13]. Interestingly in our study, higher cFLC
concentration was associated with reduced survival independent of hsCRP, suggesting that
cFLC may be a more sensitive biomarker of systemic inflammation that adds prognostic infor-
mation to hsCRP alone.

Whether elevated cFLC levels are just a marker of poor outcome or have a pathogenic role
in disease is uncertain. There is evidence that cFLC can inhibit the phagocytic activity of leuko-
cytes [37] and in autoimmune diseases activate mast cells [38]. However, there are no definitive
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Table 5. Univariate and multivariable Cox proportional hazards analyses showing determinants of all-cause mortality.

Variable

Age

Gender (vs female)

Diabetes (vs no diabetes)

CVD (vs no CVD)

Hypertension (vs no hypertension)
Smoking (vs never smokers)

eGFR (ml/min per 1.73m?)

uACR* (mg/mmol)

High sensitivity CRP* (mg/L)

Central obesity (vs not centrally obese)

PWV (m/s)
Serum albumin (g/L)

cFLC (mg/L) (Categorical vs cFLC
<43.3 mg/L)

BMI (kg/m?)

Total:HDL cholesterol ratio
Hb (g/dL)

Platelet count (x10°)

WBC (x10°)

Potassium (mmol/L)
Sodium (mmol/L)

Urea (mmol/L)

Corrected calcium (mmol/L)
Phosphate (mmol/L)

Total protein (g/L)
Bicarbonate (mmol/L)
Cholesterol (mmol/L)

HDL (mmol/L)

Uric acid (umol/L)

All variables are continuous except for gender, diabetes, previous cardiovascular event, hypertension, smoking status and central obesity.

#Log transformed variable.

Categories

Male

People with diabetes
People with CVD

People with hypertension
Current smoker
Ex-smoker

People with central
obesity

People with cFLC >43.3
mg/L

Univariate HR (95%

cl

1.10 (1.07-1.12)
2.03 (1.50-2.76)
1.52 (1.06-2.17)
3.28 (2.40-4.47)
1.27 (0.77-2.09)
1.59 (0.79-3.21)
1.73 (1.25-2.40)
0.94 (0.93-0.96)
1.00 (1.00-1.01)
2.55 (1.90-3.41)
0.91 (0.60-1.37)

1.14 (1.06-1.23)
0.90 (0.87-0.93)
3.20 (2.34-4.36)

0.97 (0.94-1.00)
1.00 (0.89-1.14)
0.81 (0.73-0.90)
0.99 (0.99-1.00)
1.10 (1.05-1.16)
1.55 (1.12-2.13)
1.03 (0.98-1.09)
1.12 (1.09-1.15)
0.3 (0.06-1.47)

0.89 (0.37-2.11)
1.00 (0.97-1.03)
1.01 (0.96-1.08)
0.74 (0.64-0.86)
0.59 (0.40-0.86)
1.00 (1.00-1.01)

P
value
<0.001
<0.001
0.02
<0.001
0.36
0.004

0.06
0.34
<0.001
0.64

<0.001
<0.001
<0.001

0.06
0.94
<0.001

0.003
<0.001
0.008
0.3
<0.001
0.14
0.79
0.92
0.63
<0.001
0.007
<0.001

Final multivariable model* HR

(95% CI)

1.07(1.05-1.10)
1.44 (1.02-2.03)
1.21 (0.82-1.78)
2.33 (1.68-3.23)
0.83 (0.48—1.44)
1.99 (0.96-4.12)
1.03 (0.72—1.46)
0.98 (0.96-0.99)
1.06 (0.94-1.19)
1.83 (1.32-2.52)
0.84 (0.55-1.28)

0.98 (0.90-1.07)
0.96 (0.91-1.01)
1.50 (1.04-2.16)

P
value
<0.001
0.04
0.33
<0.001
0.51
0.16

0.003
0.33
<0.001
0.42

0.66
0.11
0.03

*Adjusted for age, gender, CVD, diabetes, hypertension, smoking, eGFR, albuminuria, hsCRP, central obesity, PWV, serum albumin. ACR = urinary
albumin/creatinine ratio BMI = body mass index, cFLC = combined free light chains, CVD = cardiovascular disease, hsCRP = high sensitivity C-reactive
protein, DBP = diastolic blood pressure, Hb = hemoglobin, HDL = high density lipoprotein, PWV = pulse wave velocity, SBP = systolic blood pressure,,
WBC = white blood cell count, WHR = waist hip ratio. Significant variables are highlighted in bold.

doi:10.1371/journal.pone.0129980.t005

mechanisms as yet for these effects and further work is ongoing to elucidate mechanisms

whereby cFLC could contribute to cellular dysfunction in a range of settings.

Our study has several limitations. Although the cohort is broadly representative of people
with CKD being managed in primary care in England [39], the study population was predomi-
nantly white and elderly. Our findings may therefore not be applicable to populations with a
more diverse ethnic composition or in younger patients. Further research in other populations

is required to confirm our findings. Second, further research with longer follow-up and more

outcome events is required to identify whether serum cFLC adds significantly to the power of
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previously described risk factors such as eGFR and albuminuria to predict survival in people
with CKD.

In conclusion, the relationship observed between elevated polyclonal cFLC levels and subse-
quent mortality risk in a population with early CKD adds further evidence to a role for cFLC as
an independent risk marker. This may have particular relevance in the setting of CKD because
risk prediction tools developed for the general population do not take account of non-tradi-
tional risk factors and tend to underestimate risk in people with CKD. One advantage of using
cFLC as a biomarker is that, unlike many others, the assay for FLC is already widely available
in routine clinical laboratories and clinicians are familiar with it as a common test to screen for
monoclonal gammopathies. Further work is now required to determine if the prospective mea-
surement of cFLC in CKD can be used to improve risk stratification in people with CKD and
direct interventions to those at highest risk while sparing those at low risk from unnecessary
treatment.

Acknowledgments

Some of these data were presented in abstract form at the British Renal Society 2011 (Com-
bined Serum Free Light Chain Levels in Patients with Chronic Kidney Disease Stage 3) and
The American Society of Nephrology 2011 (Total Serum Free Light Chains Independently Pre-
dict Survival in Patients with Stage 3 Chronic Kidney Disease).

Author Contributions

Conceived and designed the experiments: CAH PC MWT LKA. Performed the experiments:
NM LKA. Analyzed the data: LKA SF SH MWT. Contributed reagents/materials/analysis tools:
LKA NM SF SH CAH PC MWT. Wrote the paper: MWT PC LKA CWM.

References

1. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic kidney disease and the risks of death,
cardiovascular events, and hospitalization. N Engl J Med 2004; 351:1296-305. PMID: 15385656

2. Matsushita K, vand V, Astor BC, Woodward M, Levey AS, de Jong PE et al. Association of estimated
glomerular filtration rate and albuminuria with all-cause and cardiovascular mortality in general popula-
tion cohorts: a collaborative meta-analysis. Lancet 2010; 375:2073-81. doi: 10.1016/S0140-6736(10)
60674-5 PMID: 20483451

3. Kovesdy CP, Anderson JE. Reverse epidemiology in patients with chronic kidney disease who are not
yet on dialysis. Semin Dial 2007; 20:566—9. PMID: 17991206

4. TangriN, InkerL, Levey AS. A systematic review finds prediction models for chronic kidney disease
were poorly reported and often developed using inappropriate methods. J Clin Epidemiol 2013; 66:697.

5. Barreto DV, Barreto FC, Liabeuf S, Temmar M, Lemke HD, Tribouilloy C et al. Plasma interleukin-6 is
independently associated with mortality in both hemodialysis and pre-dialysis patients with chronic kid-
ney disease. Kidney Int 2010; 77:550-6. doi: 10.1038/ki.2009.503 PMID: 20016471

6. Tonelli M, Sacks F, Pfeffer M, Jhangri GS, Curhan G. Biomarkers of inflammation and progression of
chronic kidney disease. Kidney Int 2005; 68:237—-45. PMID: 15954913

7. Solomon A. Light chains of human immunoglobulins. Methods Enzymol 1985; 116:101-21. PMID:
3937021

8. Waldmann TA, Strober W, Mogielnicki RP. The renal handling of low molecular weight proteins. II. Dis-
orders of serum protein catabolism in patients with tubular proteinuria, the nephrotic syndrome, or ure-
mia. J Clin Invest 1972; 51:2162—74. PMID: 5054468

9. Hutchison CA, Harding S, Hewins P, Mead GP, Townsend J, Bradwell AR et al. Quantitative assess-
ment of serum and urinary polyclonal free light chains in patients with chronic kidney disease. Clin J Am
Soc Nephrol 2008; 3:1684-90. doi: 10.2215/CJN.02290508 PMID: 18945993

10. Basnayake K, Stringer SJ, Hutchison CA, Cockwell P. The biology of immunoglobulin free light chains
and kidney injury. Kidney Int 2011; 79:1289-301. doi: 10.1038/ki.2011.94 PMID: 21490587

PLOS ONE | DOI:10.1371/journal.pone.0129980 July 1,2015 13/15


http://www.ncbi.nlm.nih.gov/pubmed/15385656
http://dx.doi.org/10.1016/S0140-6736(10)60674-5
http://dx.doi.org/10.1016/S0140-6736(10)60674-5
http://www.ncbi.nlm.nih.gov/pubmed/20483451
http://www.ncbi.nlm.nih.gov/pubmed/17991206
http://dx.doi.org/10.1038/ki.2009.503
http://www.ncbi.nlm.nih.gov/pubmed/20016471
http://www.ncbi.nlm.nih.gov/pubmed/15954913
http://www.ncbi.nlm.nih.gov/pubmed/3937021
http://www.ncbi.nlm.nih.gov/pubmed/5054468
http://dx.doi.org/10.2215/CJN.02290508
http://www.ncbi.nlm.nih.gov/pubmed/18945993
http://dx.doi.org/10.1038/ki.2011.94
http://www.ncbi.nlm.nih.gov/pubmed/21490587

@’PLOS ‘ ONE

FLC Predict Mortality in Stage 3 CKD

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.
24.

25.

26.

27.

28.

29.

30.

31.

Hutchison CA, Landgren O. Polyclonal immunoglobulin free light chains as a potential biomarker of
immune stimulation and inflammation. Clin Chem 2011; 57:1387-9. doi: 10.1373/clinchem.2011.
169433 PMID: 21836076

Brebner JA, Stockley RA. Polyclonal free light chains: a biomarker of inflammatory disease or treatment
target? F1000 Med Rep 2013; 5:4. doi: 10.3410/M5-4 PMID: 23413370

Anandram S, Assi LK, Lovatt T, Parkes J, Taylor J, MacWhannell A et al. Elevated, combined serum
free light chain levels and increased mortality: a 5-year follow-up, UK study. J Clin Pathol 2012;
65:1036—42. doi: 10.1136/jclinpath-2012-200910 PMID: 22923765

Dispenzieri A, Katzmann JA, Kyle RA, Larson DR, Therneau TM, Colby CL et al. Use of nonclonal
serum immunoglobulin free light chains to predict overall survival in the general population. Mayo Clin
Proc 2012; 87:517-23. doi: 10.1016/j.mayocp.2012.03.009 PMID: 22677072

Landgren O, Goedert JJ, Rabkin CS, Wilson WH, Dunleavy K, Kyle RA et al. Circulating serum free
light chains as predictive markers of AIDS-related lymphoma. J Clin Oncol 2010; 28:773-9. doi: 10.
1200/JC0.2009.25.1322 PMID: 20048176

Haynes R, Hutchison CA, Emberson J, Dasgupta T, Wheeler DC, Townend JN et al. Serum Free Light
Chains and the Risk of ESRD and Death in CKD. Clin J Am Soc Nephrol 2011; 6:2829-37. doi: 10.
2215/CJN.03350411 PMID: 22034503

Hutchison CA, Burmeister A, Harding SJ, Basnayake K, Church H, Jesky MD et al. Serum polyclonal
immunoglobulin free light chain levels predict mortality in people with chronic kidney disease. Mayo
Clin Proc 2014; 89:615-22. doi: 10.1016/j.mayocp.2014.01.028 PMID: 24797643

Mclntyre NJ, Chesterton LJ, John SG, Jefferies HJ, Burton JO, Taal MW et al. Tissue-advanced glyca-
tion end product concentration in dialysis patients. Clin J Am Soc Nephrol 2010; 5:51-5. doi: 10.2215/
CJN.05350709 PMID: 19965551

Mclntyre NJ, Fluck RJ, Mcintyre CW, Taal MW. Risk profile in chronic kidney disease stage 3: older ver-
sus younger patients. Nephron Clin Pract 2011; 119:c269-c276.

Mclntyre NJ, Fluck RJ, Mclntyre CW, Taal MW. Skin autofluorescence and the association with renal
and cardiovascular risk factors in chronic kidney disease stage 3. Clin J Am Soc Nephrol 2011;
6:2356—63. doi: 10.2215/CJN.02420311 PMID: 21885790

Katzmann JA, Clark RJ, Abraham RS, Bryant S, Lymp JF, Bradwell AR et al. Serum reference intervals
and diagnostic ranges for free kappa and free lambda immunoglobulin light chains: relative sensitivity
for detection of monoclonal light chains. Clin Chem 2002; 48:1437-44. PMID: 12194920

Bradwell AR, Carr-Smith HD, Mead GP, Tang LX, Showell PJ, Drayson MT et al. Highly sensitive, auto-
mated immunoassay forimmunoglobulin free light chains in serum and urine. Clin Chem 2001; 47:673—
80. PMID: 11274017

Bradwell AR. Serum free light chain analysis (plus Hevylite). 2010.

Astor BC, Matsushita K, Gansevoort RT, van d V, Woodward M, Levey AS et al. Lower estimated glo-
merular filtration rate and higher albuminuria are associated with mortality and end-stage renal disease.
A collaborative meta-analysis of kidney disease population cohorts. Kidney Int 2011; 79:1331-40. doi:
10.1038/ki.2010.550 PMID: 21289598

Drawz PE, Baraniuk S, Davis BR, Brown CD, Colon PJ Sr., Cujyet AB et al. Cardiovascular risk assess-
ment: addition of CKD and race to the Framingham equation. Am Heart J 2012; 164:925-31. doi: 10.
1016/j.2hj.2012.09.003 PMID: 23194494

U.S.Renal Data System. USRDS 2012 Annual Data Report: Atlas of Chronic Kidney Disease and End-
Stage Renal Disease in the United States. National Institutes of Health, National Institute of Diabetes
and Digestive and Kidney Diseases, Bethesda, MD 2012.

Solling K. Free light chains of immunoglobulins. Scand J Clin Lab Invest Suppl 1981; 157:1-83. PMID:
6797039

Burmeister A, Assi LK, Ferro CJ, Hughes RG, Barnett AH, Bellary S et al. The relationship between
high-sensitivity CRP and polyclonal Free Light Chains as markers of inflammation in chronic disease.
IntJ Lab Hematol 2013.

Kim J, Hayton WL, Robinson JM, Anderson CL. Kinetics of FcRn-mediated recycling of IgG and albu-
min in human: pathophysiology and therapeutic implications using a simplified mechanism-based
model. Clin Immunol 2007; 122:146-55. PMID: 17046328

Mead GP, Carr-Smith HD, Drayson MT, Morgan GJ, Child JA, Bradwell AR. Serum free light chains for
monitoring multiple myeloma. Br J Haematol 2004; 126:348-54. PMID: 15257706

Chiche L, Cournac JM, Mancini J, Bardin N, Thomas G, Jean R et al. Normalization of serum-free light
chains in patients with systemic lupus erythematosus upon rituximab treatment and correlation with bio-
logical disease activity. Clin Rheumatol 2011; 30:685-9. doi: 10.1007/s10067-010-1674-1 PMID:
21221683

PLOS ONE | DOI:10.1371/journal.pone.0129980 July 1,2015 14/15


http://dx.doi.org/10.1373/clinchem.2011.169433
http://dx.doi.org/10.1373/clinchem.2011.169433
http://www.ncbi.nlm.nih.gov/pubmed/21836076
http://dx.doi.org/10.3410/M5-4
http://www.ncbi.nlm.nih.gov/pubmed/23413370
http://dx.doi.org/10.1136/jclinpath-2012-200910
http://www.ncbi.nlm.nih.gov/pubmed/22923765
http://dx.doi.org/10.1016/j.mayocp.2012.03.009
http://www.ncbi.nlm.nih.gov/pubmed/22677072
http://dx.doi.org/10.1200/JCO.2009.25.1322
http://dx.doi.org/10.1200/JCO.2009.25.1322
http://www.ncbi.nlm.nih.gov/pubmed/20048176
http://dx.doi.org/10.2215/CJN.03350411
http://dx.doi.org/10.2215/CJN.03350411
http://www.ncbi.nlm.nih.gov/pubmed/22034503
http://dx.doi.org/10.1016/j.mayocp.2014.01.028
http://www.ncbi.nlm.nih.gov/pubmed/24797643
http://dx.doi.org/10.2215/CJN.05350709
http://dx.doi.org/10.2215/CJN.05350709
http://www.ncbi.nlm.nih.gov/pubmed/19965551
http://dx.doi.org/10.2215/CJN.02420311
http://www.ncbi.nlm.nih.gov/pubmed/21885790
http://www.ncbi.nlm.nih.gov/pubmed/12194920
http://www.ncbi.nlm.nih.gov/pubmed/11274017
http://dx.doi.org/10.1038/ki.2010.550
http://www.ncbi.nlm.nih.gov/pubmed/21289598
http://dx.doi.org/10.1016/j.ahj.2012.09.003
http://dx.doi.org/10.1016/j.ahj.2012.09.003
http://www.ncbi.nlm.nih.gov/pubmed/23194494
http://www.ncbi.nlm.nih.gov/pubmed/6797039
http://www.ncbi.nlm.nih.gov/pubmed/17046328
http://www.ncbi.nlm.nih.gov/pubmed/15257706
http://dx.doi.org/10.1007/s10067-010-1674-1
http://www.ncbi.nlm.nih.gov/pubmed/21221683

@’PLOS ‘ ONE

FLC Predict Mortality in Stage 3 CKD

32.

33.

34.

35.

36.

37.

38.

39.

Kormelink TG, Tekstra J, Thurlings RM, Boumans MH, Vos K, Tak PP et al. Decrease in immunoglobu-
lin free light chains in patients with rheumatoid arthritis upon rituximab (anti-CD20) treatment correlates
with decrease in disease activity. Ann Rheum Dis 2010; 69:2137—44. doi: 10.1136/ard.2009.126441
PMID: 20679475

Aggarwal R, Sequeira W, Kokebie R, Mikolaitis RA, Fogg L, Finnegan A et al. Serum free light chains
as biomarkers for systemic lupus erythematosus disease activity. Arthritis Care Res 2011; 63:891-8.

Bibas M, Trotta MP, Cozzi-Lepri A, Lorenzini P, Pinnetti C, Rizzardini G et al. Role of serum free light
chains in predicting HIV-associated non-Hodgkin lymphoma and Hodgkin's lymphoma and its correla-
tion with antiretroviral therapy. Am J Hematol 2012.

Terrier B, Sene D, Saadoun D, Ghillani-Dalbin P, Thibault V, Delluc A et al. Serum-free light chain
assessment in hepatitis C virus-related lymphoproliferative disorders. Ann Rheum Dis 2009; 68:89-93.
doi: 10.1136/ard.2007.086488 PMID: 18375535

Tsai HT, Caporaso NE, Kyle RA, Katzmann JA, Dispenzieri A, Hayes RB et al. Evidence of serum
immunoglobulin abnormalities up to 9.8 years before diagnosis of chronic lymphocytic leukemia: a pro-
spective study. Blood 2009; 114:4928-32. doi: 10.1182/blood-2009-08-237651 PMID: 19828698

Cohen G, Rudnicki M, Horl WH. Uraemic toxins modulate the spontaneous apoptotic cell death and
essential function of neutrophils. Kidney Int 2001; 59:S48-S52.

Redegeld FA, van der Heijden MW, Kool M, Heijdra BM, Garssen J, Kraneveld AD et al. Immunoglobu-
lin-free light chains elicitimmediate hypersensitivity-like responses. Nat Med 2002; 8:694—701. PMID:
12068287

Lusignan S, Gallagher H, Jones S, Chan T, Van VJ, Tahir A et al. Audit-based education lowers systolic
blood pressure in chronic kidney disease: the Quality Improvement in CKD (QICKD) trial results. Kidney
Int 2013; 84:609-20. doi: 10.1038/ki.2013.96 PMID: 23536132

PLOS ONE | DOI:10.1371/journal.pone.0129980 July 1,2015 15/15


http://dx.doi.org/10.1136/ard.2009.126441
http://www.ncbi.nlm.nih.gov/pubmed/20679475
http://dx.doi.org/10.1136/ard.2007.086488
http://www.ncbi.nlm.nih.gov/pubmed/18375535
http://dx.doi.org/10.1182/blood-2009-08-237651
http://www.ncbi.nlm.nih.gov/pubmed/19828698
http://www.ncbi.nlm.nih.gov/pubmed/12068287
http://dx.doi.org/10.1038/ki.2013.96
http://www.ncbi.nlm.nih.gov/pubmed/23536132

