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OBJECTIVE

The role of fibrosis in early progressive renal decline in type 2 diabetes is unknown.
Circulating WFDC2 (WAP four-disulfide core domain protein 2) and matrix metal-
loproteinase 7 (MMP-7; Matrilysin) are postulated to be biomarkers of renal
fibrosis. This study examined an association of circulating levels of these proteins
with early progressive renal decline.

RESEARCH DESIGN AND METHODS

Individuals with type 2 diabetes enrolled in the Joslin Kidney Study with an
estimated glomerular filtration rate (eGFR) ‡60 mL/min/1.73 m2 were monitored
for 6–12 years to ascertain fast early progressive renal decline, defined as eGFR
loss ‡5 mL/min/1.73 m2/year.

RESULTS

A total of 1,181 individuals were studied: 681 without and 500 with albuminuria.
Median eGFR and albumin-to-creatinine ratio (ACR) at baseline were 97 mL/min/
1.73 m2 and 24 mg/g, respectively. During follow-up, 152 individuals experienced
fast early progressive renal decline: 6.9% in those with normoalbuminuria and 21%
with albuminuria. In both subgroups, the risk of renal decline increased with
increasing baseline levels of WFDC2 (P < 0.0001) and MMP-7 (P < 0.0001). After
adjustment for relevant clinical characteristics and known biomarkers, an increase
by one quartile in the fibrosis index (combination of levels of WFDC2 and MMP-7)
was associated with higher risk of renal decline (odds ratio 1.63; 95% CI 1.30–2.04).
The association was similar and statistically significant among patients with and
without albuminuria.

CONCLUSIONS

Elevation of circulating profibrotic proteins is associated with the development of
early progressive renal decline in type 2 diabetes. This association is independent
from albuminuria status and points to the importance of the fibrotic process in the
development of early renal decline.
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Early progressive renal decline has been
demonstrated to be the most important
clinical manifestation of diabetic kidney
disease (DKD) in type 1 and type 2 di-
abetes (1,2). It develops when patients
have normal renal function and pro-
gresses at a constant rate until the onset
of end-stage kidney disease (ESKD). It
was recently recognized that progressive
renal decline develops in many patients
with type 2 diabetes independently from
albuminuria (3). An ongoing significant
research effort aims to understand the
mechanismsof progressive renal decline,
particularly in patients with diabetes
with impaired renal function or late pro-
gressive renal decline (4–6). The devel-
opment of renal fibrosis is postulated to
be amajor determinant of progression to
ESKD in these patients (7,8). Very little is
known, however, about the contribution
of renal fibrosis to the development of
earlyprogressive renaldecline inpatients
withdiabeteswithnormal renal function,
with and without albuminuria.
Fibrosis is a pathological process in-

duced by persistent injurious stimuli and
is responsible for organ dysfunction and
organ failure (9). Renal fibrosis is char-
acterized by increased fibroblast prolif-
eration and extracellular matrix (ECM)
accumulation, and the pathological hall-
mark of progressive renal disease is the
accumulation of ECM in the glomerulus
and tubulointerstitium (10). As renal
fibrosis develops, injured tubular epithe-
lia lose their regenerative capacity and
undergo apoptosis. Glomerular scarring
progresses to glomerular sclerosis. These
processes lead to tubular atrophy, non-
functional glomeruli, and, eventually, the
progressive loss of kidney function (11).
Fibrosis gradually replaces functional
nephron units with a scar composed of
a variety of ECM proteins (12). In this
process, themyofibroblasts are commonly
regarded as the predominant effector cells,
which act as the main producers of ECM,
crosslinking enzymes and inhibitors of
matrix-degrading metalloproteinases (13).
Recently, WAP four-disulfide core do-

main 2 (WFDC2) (14) and matrix metal-
loproteinase 7 (MMP-7/Matrilysin) (15)
were reported to be involved in the path-
ogenesis of renal fibrosis. WFDC2 belongs
to the whey acidic protein (WAP) family
and possesses two whey four-disulfide
core (WFDC) domains, which are known
to suppress the activity of multiple pro-
teases (e.g., serine protease and MMPs)

and inhibit their capacity to degrade type I
collagen (14). Gene expression of WFDC2
in renal biopsy specimens from chronic kid-
ney disease (CKD) patients shows signifi-
cant relationships with both tubular cell
damage and extent of tubulointerstitial
fibrosis (16). Elevated levels of serum
WFDC2 were associated with renal de-
cline (17–19) and advanced stage of
renal fibrosis (17,18). MMP-7 belongs
to amember of a family of zinc-containing
enzymes with proteolytic activity against
a wide range of extracellular proteins
(15,20). In systemic response, the ele-
vated level of serum MMP-7 is indepen-
dently associatedwith renal fibrosis and
progression of renal decline in patients
with IgA nephropathy (21). It is not
detected in healthy kidneys but is de-
tected in epithelial cells in the distal
tubule region of kidneys from autoso-
mal dominant polycystic kidney disease
(20). Elevated circulating levels ofMMP-
7 also associate with other fibrotic dis-
eases, including lung fibrosis and disease
progression in patients with idiopathic
pulmonary fibrosis (22).

We postulate that examining these two
profibrotic proteins in circulation may en-
able us to capture the ongoing fibrogenic
process in the diabetic kidney, without
renal biopsy specimens. Therefore, our
study aims to evaluate the association
between circulating levels of WFDC2 and
MMP-7 at baselinewith the development
of fast early renal decline in a large cohort
of patients with type 2 diabetes moni-
tored for 6–12 years. We also aim to
determine whether these proteins are
involved in the development of early pro-
gressive renal decline not only in individ-
uals with albuminuria but also in those
with normoalbuminuria. In the Joslin Kid-
ney Study (JKS) for type 2 diabetes, we
previously established the association of
early progressive renal decline with mul-
tiple determinants, including biomarkers
of tubular damage (23). Therefore, this
study will incorporate the previous findings
and assess the effect of profibrotic proteins
on early progressive renal decline in in-
dividuals with and without albuminuria.

RESEARCH DESIGN AND METHODS

Patients and Eligibility Criteria
The JoslinDiabetes Center Committee on
Human Studies approved the informed
consent, recruitment, and examination
procedures for the JKS. The JKS is a
longitudinal observation that aims to

investigate the determinants and to de-
scribe the natural history of renal func-
tiondecline in type 1 and type2 diabetes.
Participants in the JKS who had type 2
diabetes were recruited from patients
attending the Joslin Clinic between
2003 and 2009. Residents of New Eng-
land aged 35–64 years old at study
enrollment with type 2 diabetes diag-
nosed after 30 years of age were eligible.
We excluded individuals who were on
chronic dialysis, had a renal transplant, or
had a history of HIV or hepatitis C in-
fection. This JKS aimed to enroll all eligible
participants with albuminuria and a sim-
ilar number of eligible individuals taken
randomly from a much larger pool of
participants with normoalbuminuria.
We enrolled 1,476 individuals between
2003 and 2009: 743 individuals with
albuminuria and 733 individuals with
normoalbuminuria. They were exam-
ined during routine visits in the clinic
as a baseline examination and biannu-
ally afterward with blood and urine
specimens taken for laboratory deter-
minations and storage in 285°C. Indi-
viduals with less frequent clinic visits
and those who stopped coming to the
clinic were examined at their homes.

To identify ESKD and deaths in the JKS,
we queried the U.S. Renal Data System
and theNational Death Index covering all
events up to the end of 2015. The U.S.
Renal Data System maintains a roster of
U.S. patients receiving renal replacement
therapy that includes dates of dialysis
and transplantation. The National Death
Index is a comprehensive roster ofdeaths
in the U.S. and includes the date and cause
of death.

For the current study, only individuals
with a normal baseline estimated glo-
merular filtration rate (eGFR) ($60 mL/
min/1.73 m2) and at least 6 years of
follow-up were included. This yielded
1,181 individuals: 681 with normoalbu-
minuria and 500 with albuminuria. This
study includes 149more individuals than
the previous study (23). The increase in
individual count resulted from improved
follow-upandcompletionofmissingdata
in the JKS.

Assessment of Abnormalities in
Urinary Albumin Excretion
According to the median values of the
urinary albumin-to-creatinine ratio (ACR)
from two or more consecutive urine sam-
ples obtained during the 2-year period
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preceding enrollment (baseline), two
groups were assembled: albuminuria
(ACR $30 mg/g) and normoalbuminuria
(ACR,30 mg/g). We attempted to enroll
all individuals with albuminuria and sim-
ilar individuals with normoalbuminuria.

Assessment of Renal Function
Measurements of serum creatinine per-
formed at routine clinic visits or during
special examinations were used to de-
termine renal function at baseline and its
changes during follow-up. Protocols to
calibrate serumcreatininemeasurements
over time were described previously (24).
From 2013 through 2015, serum speci-
mens obtained at baseline and during
follow-up in individuals participating in
the study were retrieved and used to
measure creatinine concentrations. Cre-
atinine measurements were performed
at the University ofMinnesota Advanced
Research and Diagnostic Laboratory us-
ing the Roche Enzymatic Assay (Product
No. 11775685) on a Roche/HitachiModP
analyzer (Roche Diagnostics, Indianapo-
lis, IN). The Chronic Kidney Disease Ep-
idemiology Collaboration formula was
used to estimate eGFR (25). For the
current study, only individuals with nor-
mal baseline eGFR and at least 6 years of
follow-up and six serum creatinine mea-
surements were included.

Definition of Fast Early Progressive
Renal Decline
The primary outcome was fast early pro-
gressive renaldeclineduring6–12yearsof
follow-up, defined as annual eGFR loss
of$5 mL/min/1.73 m2/year. This thresh-
old was previously used by others (2,26).
Individuals with eGFR loss of$5mL/min/
1.73 m2/year were at risk for developing
ESKD within 3–20 years of follow-up (2).
We refer to this outcome as “fast early
renal decline.” To estimate the slope of
eGFR decline, we extracted the linear
component of every individual’s eGFR
trajectory using individual-specific linear
regression models.

Laboratory Procedures to Measure
Candidate Proteins in Circulation
and in Urine
Protocols to measure levels of plasma
tumor necrosis factor receptor 1 (TNF-
R1), plasmakidney injurymolecule1 (KIM-
1), urinarymonocytechemotactic peptide
1 (MCP-1), and urinary epidermal growth
factor (EGF) were described in a previous

publication (23). Serum collected at base-
line from1,181 study individualswasused
for measurements of WFDC2 (catalog no.
DHE400; R&D Systems,Minneapolis,MN)
and MMP-7 (catalog no. DMP700; R&D
Systems) with ELISAs. Frozen samples
were aliquoted for each assay on wet
ice and run in duplicate, and averages
are reported.

It needs to be recognized that the
ELISA used in our study is not recom-
mendedtomeasureMMP-7concentration
in plasma due to plasma-chelating prop-
erties (https://resources.rndsystems.com/
pdfs/datasheets/dmp700.pdf). It is sug-
gested that EDTA-plasma extraction of
zinc from the metalloprotease MMP-7
could cause conformational changes in
the protein that hamper accuracy of its
measurements. On the other hand, mul-
tiple reports suggest that determination
of MMP-7 in serum is reliable (27,28).

Statistical Analysis
Baseline characteristics are presented as
median with first (Q1) and third (Q3)
quartiles or number and percent, where
applicable. Differences between the two
groups were tested using the Wilcoxon
rank sum test for continuous variables and
the x2 test for categorical variables. Spear-
man rank correlation was performed to
examine intercorrelations between the
eGFR slope, clinical characteristics, and
biomarkers. To construct the fibrosis in-
dex as a summary variable associated
with multifaceted fibrosis pathway, we
assessed the strength of correlations
between serum WFDC2 and MMP-7.
After verifying themoderate correlations
between each other, we included them
both as components of thefibrosis index.

The fibrosis index was created using a
logistic regression model of fast renal
decline as an outcome variable. First,
serum WFDC2 and MMP-7 were individ-
ually modeled in relation to fast renal
decline as continuous variables. Each bio-
marker was natural log transformed, and
linearity assumption was tested using the
log-likelihood model goodness-of-fit test
comparing the model with and without
quadratic terms of each biomarker. Sec-
ond, we included serum WFDC2 and
MMP-7 in the appropriate forms into
the model of fast renal decline. The index
wascalculatedasa sumof log-transformed
levels of the two contributing biomarkers
weighted by their b-coefficients, accord-
ing to the formula:

Fibrosis index5 23blogWFDC2 3 logWFDC2

1 23 blogMMP-7 3 logMMP-7

The b-coefficients were multiplied by 2
in order to scale the index, such that
its one unit was approximately equal to
one quartile of its distribution for easier
interpretability of effect estimates. We
derived the fibrosis index from the entire
cohort and estimated its effect on fast
renal decline in the subgroups classified
by albuminuria status.

Multivariable logistic regression models
were used to estimate the effects of the
covariates and biomarkers on fast renal
decline. In the models, the effects of ACR,
plasma TNF-R1, plasma KIM-1, and the
urinary EGF–to–MCP-1 ratiowereestimated
per one quartile increase. To evaluate the
fibrosis-associated markers and the fibrosis
index, we first constructed a model with
the clinical covariates already included in
our previous report (23): ACR, systolic
blood pressure (BP), and risk biomarkers
plasma TNF-R1, plasma KIM-1, and the
urinary EGF–to–MCP-1 ratio. In addition
to thesedeterminants,we includedeGFR
and HbA1c at baseline. Subsequently, we
examined the effects of profibrotic pro-
teins and the fibrosis index on the risk
of fast renal decline. To examine the
effect of renal fibrosis on fast renal
decline according to albuminuria status,
we performed the same analyses in
subgroups of patients with or without
albuminuria and tested the homogene-
ity of effect estimates using interaction
terms with the albuminuria stratum in-
dicator. The discriminatory and predic-
tive model performance was assessed
with C statistics and the Nagelkerke R2

for logistic regression models, which
approximates the proportion of vari-
ance explained by a model in a given
data set. Statistical analyses were per-
formed using SAS for Windows 9.4 soft-
ware (SAS Institute, Cary, NC). Two-sided
P values ,0.05 were considered statis-
tically significant.

RESULTS

Characteristics of Study Groups
A total of 1,181 patients with type 2
diabetes and eGFR$60mL/min/1.73m2

were examined. Their clinical character-
istics and baseline values of biomarkers
are summarized inTable1andstratifiedby
albuminuria status. During 6–12 years of
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follow-up, 152patients (12.9%)developed
fast early renal decline, defined as eGFR
loss$5mL/min/1.73m2/year (referred to
as decliners), 33 (2.7%) developed ESKD,
and only 13 (1%) died of ESKD-unrelated
causes. Inpatientswith albuminuria, there
were more men; patients with albumin-
uria had higher BMI and systolic BP, were
more frequently treated with antihyper-
tensive drugs, had higher HbA1c, and by
design had a higher level of ACR. Impor-
tantly, patients with normoalbuminuria
and albuminuria at baseline had similar
age, duration of diabetes, proportion of
treatment with insulin, and similar eGFR.
With regard to baseline levels of bio-
markers, patients with albuminuria had
significantly higher serum levels of profi-
brotic proteins, plasma levels of TNF-R1
and KIM-1, and lower urinary level of
EGF–to–MCP-1 ratio. During 6–12 years
of follow-up, 105 patients (21.0%) with
albuminuria and 47 (6.9%) with nor-
moalbuminuria developed fast early
renal decline (P , 0.0001). A similar
significant difference between the two
subgroups was seen for the develop-
ment of ESKD.

Figure 1A shows matrix correlation
of clinical characteristics and levels of
examined biomarkers in the entire co-
hort. The eGFR slope was weakly cor-
related with clinical variables (except
for no correlation with baseline eGFR)
and all examined biomarkers. Baseline
eGFR was moderately or strongly cor-
related with profibrotic proteins and
TNF-R1, but not with other biomarkers.
The baseline ACR was weakly or mod-
erately correlated with all biomarkers.
Baseline levels of systolic BP and HbA1c
were not correlated with any of the
examined biomarkers. Serum WFDC2,
serumMMP-7, and plasma TNF-R1were
strongly intercorrelated. These three
biomarkers had weak or moderate cor-
relation with the other biomarkers, and,
similarly, the other biomarkers had only
weak or moderate correlation among
themselves.

Profibrotic Proteins and Risk of Fast
Early Renal Decline
Risk of fast early renal decline during
6–12 years of follow-up was exam-
ined according to quartiles of the two

profibrotic proteins in the entire cohort.
The results are shown in Supplementary
Fig. 1. Individuals with low baseline val-
ues of WFDC2 (Q1) and low values of
MMP-7 (Q1) had a very low risk of fast
renal decline during follow-up. In con-
trast, individualswithhighbaseline levelsof
bothprofibrotic proteins had risk for fast
renal decline increasing in a multiplica-
tiveway.Overall, these twoproteins showed
largely independent effects. To analyze
the joint effect of bothWFDC2 andMMP-
7 on the risk of fast early renal decline,
we developed the fibrosis index as a
summary variable, according to the for-
mula described in RESEARCH DESIGN AND

METHODS:

Fibrosis index 5 2 3 0:7 3 logWFDC2

1 2 3 1:4 3 logMMP-7

The risk of fast early renal decline during
follow-up in subgroups according to
albuminuria status and according to
quartiles of the fibrosis index is shown
in Fig. 1B. The risk of renal decline was
increasing with quartiles of the fibrosis

Table 1—Clinical characteristics and biomarker levels in patients with type 2 diabetes in the entire study cohort and in
normoalbuminuria and albuminuria subgroups

All patients Normoalbuminuria Albuminuria
P value¶(N 5 1,181) (n 5 681) (n 5 500)

Characteristics at baseline
Age, years 57 (50; 62) 57 (51; 62) 57 (50; 61) 0.110
Men, % 58 48 71 ,0.0001
Duration of diabetes, years 10 (6; 15) 10 (7; 15) 10 (5; 15) 0.066
BMI, kg/m2 31 (27; 36) 30 (26; 35) 32 (29; 37) ,0.0001
Systolic BP, mmHg 131 (120; 142) 130 (120; 140) 134 (122; 145) ,0.0001
ACE inhibitor or ARB Rx, % 65 55 79 ,0.0001
Insulin Rx, % 57 60 53 0.021
HbA1c, % 7.6 (6.9; 8.6) 7.5 (6.8; 8.3) 7.8 (6.9; 9.0) ,0.0001
eGFR, mL/min/1.73 m2 96 (83; 105) 95 (84; 105) 97 (82; 106) 0.392
Baseline ACR, mg/g 13 (6; 42) 7 (5; 11) 53 (26; 159) ,0.0001

Biomarkers at baseline
Profibrotic proteins
Serum WFDC2, ng/mL 6.7 (5.6; 8.4) 6.5 (5.4; 7.9) 6.7 (5.9; 9.4) ,0.0001
Serum MMP-7, ng/mL 3.9 (3.0; 5.1) 3.5 (2.7; 4.5) 4.2 (3.4; 6.0) ,0.0001

Other biomarkers†
Plasma TNFR-1, pg/mL 1,250 (1,048; 1,603) 1,183 (993; 1,450) 1,404 (1,140; 1,880) ,0.0001
Plasma KIM-1, pg/mL 10 (5; 17) 9 (5; 13) 13 (6; 22) ,0.0001
Urinary EGF–to–MCP-1 ratio 39 (24; 76) 46 (27; 102) 33 (20; 54) ,0.0001

Outcomes during 6–12 years of follow-up
eGFR slope, mL/min/1.73 m2/year 21.6 (23.3; 20.5) 21.2 (22.4; 20.3) 22.2 (24.2; 20.9) ,0.0001
Fast renal decliner§, n (%) 152 (12.9) 47 (6.9) 105 (21.0) ,0.0001
Incidence of ESKD, n (%) 33 (2.7) 3 (0.4) 30 (6.0) ,0.0001
Deaths unrelated to ESKD, n (%) 13 (1.0) 6 (0.9) 7 (1.4) 0.398

Data are presented as the median (Q1; Q3) or as indicated. Subgroups of normoalbuminuria (ACR,30 mg/g) and albuminuria (ACR$30 mg/g) were
determinedaccording to themedianvaluesofACR fromtwoormoreconsecutiveurinesamplesobtainedduring the2-yearperiodprecedingenrollment
(baseline). Rx, treatment. ¶P value for comparison of patients with normoalbuminuria versus albuminuria. †Our previous publication included
biomarkersof inflammationand tubulardamage,whichwereassociatedwithearly progressive renal decline:plasmaTNF-R1,plasmaKIM-1, andurinary
EGF–to–MCP-1 ratio (23). §Fast renal decline is defined as eGFR loss $5 mL/min/1.73 m2/year calculated over a median 7-year follow-up.
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index in both subgroups, although it was
more than twice as high in individuals with
albuminuria compared with those with
normoalbuminuria. Multivariable logistic
analysiswas used to further examine the
association between the fibrosis index and
fast renal decline in individuals in the
two subgroups controlling for clinical
characteristics and the biomarkers we
previously reported (23). The odds ratios
(ORs) for variables examined in the logistic
analysis are provided in Table 2. In the
entire cohort, six variables reported in
the previous publication had significant

independent effects on risk of fast early
renal decline. The fibrosis index added
to the same logistic model showed a
very strong association with risk of fast
early renal decline (OR 1.64, 95% CI
1.31–2.05). The ORs changed for two
variables: the OR increased for eGFR
and declined for TNF-R1, becoming
statistically nonsignificant. The effect of
the fibrosis index on risk of fast early renal
decline was statistically significant in
individuals with normoalbuminuria (OR
1.40; 95% CI 1.02–1.94) and albuminuria
(OR 1.92; 95% CI 1.39–2.66). Supplementary

Table 1 reports results of similar analyses as
in Table 2 using both profibrotic proteins
instead of the fibrosis index. While almost
all results were the same, the effects of
two profibrotic proteins were significant
only in individuals with albuminuria. They
were not significant in individuals with
normoalbuminuria.

Profibrotic Proteins as Predictors of
Fast Progressive Renal Decline
Although the aim of the study was to
examine the effect of profibrotic circu-
lating proteins on the risk of early

Figure 1—Associations of two profibrotic proteins with other variables. A: Spearman rank correlation coefficient matrix of clinical variables and
biomarkers. B: Frequency of fast renal decline (%) according to quartiles of the fibrosis index.
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progressive renal decline (etiological
model) in individuals with normoalbumi-
nuria and albuminuria, we also evaluated
how much measurements of these pro-
teins could improve the prediction of fast
early renal decline in patients with type 2
diabetes (Table 3). We did not have
statistical power to examine this issue
in normoalbuminuria and albuminuria
separately; therefore, the analysis was
conducted in the entire cohort without
stratification. As a reference, model 1 in-
cluded clinical variables (eGFR, systolic
BP,ACR, andHbA1c),model 2additionally
included the fibrosis index, and model
3 included model 2 predictors together
with TNF-R1, a biomarker of inflamma-
tion, KIM-1, and the EGF–to–MCP-1 ratio
as biomarkers of tubular damage, as
reported inourprevious study (23). Table
3 reports the effect estimates for vari-
ables included in each model. Clinical
variables had a strongeffect on the risk of
fast renal decline in allmodels, except for
eGFR. The fibrosis index had a strong
effect on the risk of fast renal decline in
both model 2 and model 3. Among the
other biomarkers, plasma KIM-1 and the
urinary EGF–to–MCP-1 ratio had a strong
independent effect on risk of fast renal
decline, but the effect of plasma TNF-R1
was nonsignificant in the presence of the
fibrosis index.
Compared with model 1, the C statis-

tics of models 2 and 3 were significantly
higher, and the C statistic of model 3 was
significantly higher by 0.025 (95% CI
0.005–0.045) than that of model 2.
The proportion of variation in risk of

fast early renal decline explained by
these models was evaluated with the
Nagelkerke R2. The R2 for model 1 that
included only clinical covariates was
0.144. Inclusion of the fibrosis index
increased the Nagelkerke R2 to 0.208
(model 2) and further to 0.250 (model 3)
by including the previously reported
biomarkers (Table 3).

CONCLUSIONS

The findings in this study provide novel
evidence that circulating profibrotic
proteins, biomarkers of renal fibrosis,

contribute strongly to early progressive
renal decline in type 2 diabetes in pa-
tients with and without albuminuria.
Previously, renal fibrosis was assumed
to be an important factor contributing to
late progressive renal decline in patients
with impaired renal function (10,29,30).
The current findings expand our previous
results obtained in the same cohort,
indicating that profibrotic proteins have
a strong and independent effect on the
risk of early progressive renal decline in
addition to the biomarkers of glomerular
damage measured as ACR and tubular

Table 2—Effect estimates of examined variables at baseline on risk of fast early renal decline in patients with type 2 diabetes
during 6–12 years of follow-up

Entire cohort (N 5 1,181)

Without fibrosis index With fibrosis index
Normoalbuminuria

(n 5 681)
Albuminuria
(n 5 500)

Variable OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

eGFR 1.14 (0.99–1.30) 1.21 (1.05–1.39) 1.28 (1.00–1.62) 1.17 (0.99–1.40)

Systolic BP 1.36 (1.15–1.62) 1.38 (1.16–1.64) 1.37 (1.03–1.82) 1.39 (1.12–1.74)

Albuminuria† 1.89 (1.26–2.85) 1.68 (1.11–2.55)

HbA1c 1.11 (1.00–1.24) 1.14 (1.02–1.27) 1.18 (0.96–1.45) 1.14 (1.00–1.30)

TNF-R1 1.36 (1.10–1.68) 1.16 (0.93–1.46) 1.37 (0.96–1.96) 1.04 (0.77–1.40)

KIM-1 1.45 (1.21–1.75) 1.36 (1.13–1.65) 1.22 (0.91–1.65) 1.47 (1.15–1.88)

EGF–to–MCP-1 ratio 0.62 (0.51–0.75) 0.67 (0.55–0.82) 0.57 (0.42–0.77) 0.75 (0.58–0.98)

Fibrosis index 1.64 (1.31–2.05) 1.40 (1.02–1.94) 1.92 (1.39–2.66)

Multivariable logistic regression was used to estimate ORs of change in predictors (including the fibrosis index) on the risk of renal decline in the entire
cohort and separately in normoalbuminuria and albuminuria subgroups (see also Supplementary Table 1). ORs in bold are statistically significant. There
wasnoevidence fora statistically significant interactionbetweenalbuminuria statusand theeffectofanyof theexaminedbaselinevariables. Theeffects
of eGFRand systolic BPon fast renal declinewere estimatedper 10mL/min/1.73m2andper 10mmHg increase, respectively. The effect ofHbA1c on fast
renal declinewasestimatedper 1% increase. Theeffectsof plasmaTNF-R1,plasmaKIM-1, theurinary EGF–to–MCP-1 ratio, and thefibrosis indexon fast
renal decline were estimated per one quartile increase. †Albuminuria is modeled as a categorical variable (normoalbuminuira5 1, albuminuria5 2).

Table 3—Comparisonofmultivariable logistic regressionmodelswith regard to the
prediction of fast early renal decline in patients with type 2 diabetes during 6–12
years of follow-up

Model 1 (reference) Model 2 Model 3

Baseline variables OR (95% CI) OR (95% CI) OR (95% CI)

eGFR 0.91 (0.82–1.02) 1.08 (0.96–1.22) 1.19 (1.03–1.37)

Systolic BP 1.34 (1.13–1.57) 1.37 (1.15–1.62) 1.38 (1.16–1.64)

ACR 1.83 (1.54–2.19) 1.50 (1.25–1.81) 1.27 (1.04–1.56)

HbA1c 1.19 (1.08–1.32) 1.20 (1.08–1.34) 1.14 (1.02–1.27)

Fibrosis index 1.98 (1.60–2.43) 1.63 (1.30–2.04)

TNF-R1 1.15 (0.91–1.44)

KIM-1 1.36 (1.12–1.64)

EGF–to–MCP-1 ratio 0.68 (0.56–0.83)

C statistic 0.725 0.766 0.791

ΔC statistic compared
with model 1 0.041 (0.011–0.071) 0.066 (0.031–0.100)

Nagelkerke R2 0.144 0.208 0.250

Model 1: reference; model 2: model 1 1 fibrosis index; model 3: model 2 1 other biomarkers
(plasma TNF-R1, plasma KIM-1, and urinary EGF–to–MCP-1 ratio). The effects of eGFR and systolic
BP on fast renal decline were estimated per 10 mL/min/1.73 m2 and per 10 mmHg increase,
respectively. The effect of HbA1c was estimated per 1% increase. The effects of ACR, the fibrosis
index, plasmaTNF-R1, plasmaKIM-1, and the urinary EGF–to–MCP-1 ratiowere estimatedper one
quartile increase.
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damagemeasuredas circulatingKIM-1and
urinary ratio of EGF to MCP-1 (23). Fur-
thermore, since our findings hold strong
notonly in individualswithalbuminuriabut
also in those with normoalbuminuria, we
postulate that abnormalities in profibrotic
circulating proteins contribute to the
onset/initiation of early progressive renal
decline independent of glomerular and
tubular damage. It is interesting that the
strongeffectofcirculatingTNF-R1reported
in our previous publication (23) was atten-
uatedwhen thefibrosis indexwas included
in the multivariable model. This may be
interpreted as evidence that TNF-R1 is a
biomarker of the inflammatory process
that precedes initiation of renal fibrosis,
which in turn leads to early progressive
renal decline. We hypothesize that in a
multivariable logistic analysis, the factors
proximal to theoutcome in the causal chain
show a stronger association than more
distal factors. From a clinical perspective,
elevation in the circulation of the fibrotic
markers, TNFreceptors, anddecrease in the
EGF–to–MCP-1 ratio in urine are already
present in the absence of the hallmark of
DKD, abnormal urinary albumin level.
Elevated levels of circulating WFDC2

and MMP-7 were previously reported in
cross-sectional studies (16–18) and in one
prospective study (21) as associated with
renal fibrosis, respectively. However, our
study is the first in which both of these
proteins were studied in a prospective
manner. We showed that elevated levels
of these proteins had independent and
additive effects on the risk of early pro-
gressive renal decline. It may be inter-
pretedas these twoproteins representing
distinct but complementary disease pro-
cesses involved in renal fibrosis, which
lead to early progressive renal decline.
These proteins could be the signatures of
profibrotic exposures, reflecting the ex-
cess activation of profibrotic pathways or
dysregulation of ECM turnover in kidneys.
The fibrosis index used in our study as a
summary of the two profibrotic proteins
added extra value over two independent
proteins in terms of statistical efficiency
forananalysisperformedinavery low-risk
group of patients. The importance of the
fibrotic pathway in patients without al-
buminuria would be overlooked if the
proteins were analyzed separately. Addi-
tionally, the fibrosis index jointly captures
all of the predictive informationandprob-
ably the pathophysiological mechanisms
relayed through these two proteins.

Presently, the source of the circulating
profibrotic proteins and the mechanisms
of their upregulation are unknown. Also
unknown is whether these proteins are
causal factors or just markers of fibro-
genesis that underlies early progressive
renal decline. From limited research, we
know that expression of WFDC2 is ele-
vated in human fibrotic kidneys (16–19).
LeBleu et al. (14) identified WFDC2 as
the most upregulated gene in cultured
fibrosis-associated myofibroblasts that
are considered the primary site of matrix
protein synthesis during the active phase
of renal fibrogenesis (12). It is postulated
that WFDC2 acts as a panprotease in-
hibitor and that this activity leads to
reduction of type I collagen turnover
(14). Accumulation of type I collagen is
responsible for chronic structural and
functional alterations of the kidney pa-
renchymaandeventual organ failure (29).

IncreasedMMP-7causes an imbalance
between synthesis and degradation of
ECM components, leading to renal fibro-
sis. In general, MMP-7 is responsible for
the turnover of connective tissue, de-
grading a broad range of ECM substrates
and additional noncollagenous glycopro-
teins (15). MMP-7 is not detected in
healthy human renal tubular epithelium
(15,31). However, MMP-7 is upregulated
in renal tubular cells in response to
kidney injury (31,32). The magnitude
of MMP-7 induction is closely correlated
with the extent of renal fibrotic lesions in
mouse models (31). On the other hand,
blockade ofMMP-7 activity inhibits renal
expression of collagen I and fibronectin
and reduces myofibroblast activation in
mouse models (33). It is postulated that
upregulation of MMP-7 promotes renal
fibrosis through several pathways; how-
ever, the specific mechanisms responsi-
ble for elevated levels of the profibrotic
proteins in circulation are unknown.

Our study demonstrated the effects of
several other factors on the risk of fast
renal decline in type 2 diabetes, indicat-
ing elevated systolic BP, hyperglycemia,
and glomerular and tubular damage (23).
It is important tonote that theadditionof
the fibrosis index into the multivariable
logistic analysis did not change the effect
of these factors on risk of progressive
renal decline except for attenuation of
the effect of circulating TNF-R1. These
findings support the idea that early
progressive renal decline in type 2 di-
abetes is a multifactorial disease process.

Considering that many patients with type 2
diabetes follow a nonalbuminuric path-
way to renal function loss (34), the findings
also implicate fibrosis as an important
factor contributing not only to progres-
sive renal decline but also to its onset.

Finally, the strengths and limitationsof
our study deserve consideration. The
major strengthwas theprospective study
design with sufficient 6–12 years of follow-
up of a large cohort of patients with type
2 diabetes and normal renal function at
baseline. This study design allowed us to
reliably ascertain patients with early pro-
gressive renal decline. On the other hand,
the major limitation was the lack of
measurements of the extent of fibrosis
in kidney biopsy specimens and the ob-
servational nature of our study. The latter
limits the interpretation of our findings
regarding the causal relationship between
upregulation of circulating profibrotic
proteins and the onset of early renal
decline.
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