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ABSTRACT
Tubulointerstitial ﬁbrosis is common with ageing and strongly prognostic for ESRD but is poorly captured by eGFR
or urine albumin to creatinine ratio (ACR). Higher urine levels of procollagen type III N-terminal propeptide (PIIINP)
mark the severity of tubulointerstitial ﬁbrosis in biopsy studies, but the association of urine PIIINP with CKD
progression is unknown. Among community-living persons aged $65 years, we measured PIIINP in spot urine
specimens from the 1996 to 1997 Cardiovascular Health Study visit among individuals with CKD progression (30%
decline in eGFR over 9 years, n=192) or incident ESRD (n=54) during follow-up, and in 958 randomly selected
participants. We evaluated associations of urine PIIINP with CKD progression and incident ESRD. Associations of
urine PIIINP with cardiovascular disease, heart failure, and death were evaluated as secondary end points. At
baseline, mean age (6SD) was 7865 years, mean eGFR was 63618 ml/min per 1.73 m2, and median urine PIIINP
was 2.6 (interquartile range, 1.4–4.2) mg/L. In a case-control study (192 participants, 231 controls), each doubling of
urine PIIINP associated with 22% higher odds of CKD progression (adjusted odds ratio, 1.22; 95% conﬁdence interval,
1.00 to 1.49). Higher urine PIIINP level was also associated with incident ESRD, but results were not signiﬁcant in fully
adjusted models. In a prospective study among the 958 randomly selected participants, higher urine PIIINP was
signiﬁcantly associated with death, but not with incident cardiovascular disease or heart failure. These data suggest
higher urine PIIINP levels associate with CKD progression independently of eGFR and ACR in older individuals.
J Am Soc Nephrol 26: 2494–2503, 2015. doi: 10.1681/ASN.2014070696

CKD affects .13% of the United States population1
and is strongly associated with progression to ESRD,
cardiovascular disease (CVD), and early death.2 Recognition of the public health implications of this
problem has led to considerable efforts to understanding CKD risk factors and reduce its incidence
and progression to prevent associated adverse health
consequences.
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RESULTS
Clinically, measurement of kidney function focuses almost
exclusively on markers of glomerular function (serum creatinine
Baseline Correlates of Urine PIIINP Measurements
and cystatin C concentrations) and glomerular capillary integrity
(urine albumin to creatinine ratio [ACR] and proteinuria).3 In Among the randomly selected 958 subcohort, the mean age was
7865 years, 60% were women, and 15% were black. The mean
our clinical experience, however, we frequently observe extensive
eGFR was 63618 ml/min per 1.73 m2, and median urine ACR
tubulointerstitial ﬁbrosis in biopsy specimens, even among perwas 8 (interquartile range, 5–20) mg/g. The distribution of
sons with relatively preserved eGFR and without albuminuria.
This clinical ﬁnding was conﬁrmed in a large series of healthy urine PIIINP was right skewed, with a median of 2.6 (interkidney donors who provided biopsy specimens at the time of quartile range, 1.4–4.2) mg/L (Figure 1).
Table 1 shows baseline characteristics by quartiles of urine
kidney extraction for transplant. Tubulointerstitial ﬁbrosis
PIIINP in the random subcohort. Compared with persons
was common on biopsy and increased linearly with age;
with lower urine PIIINP levels, those in the highest quartile
however, the degree of ﬁbrosis was not associated with
were older, more frequently men and black, and more likely to
iothalamate measured GFR once age was taken into achave a history of stroke and diabetes. They also had higher
count.4 The degree of tubulointerstitial ﬁbrosis on biopsy is
strongly associated with progressive loss of GFR in nearly all plasma PIIINP concentrations and more advanced CKD on
the basis of both lower eGFR and higher urine ACR. Among
etiologies of CKD that have been evaluated.5–7 Collectively,
the subset of 289 individuals in the subcohort who had both
these data suggest that tubulointerstitial ﬁbrosis is common in
baseline and follow-up eGFRs, the eGFR declined by approxolder age, prognostically important, and yet poorly captured
by markers of kidney function available in contemporary clinical imately 5 ml/min per 1.73 m2 during 9 years follow-up in quartile 1 compared with approximately 10 ml/min per 1.73 m2 in
practice.
quartile 4. Table 2 shows a correlation matrix of key measures.
Renal ﬁbrosis is characterized by deposition of various
Urine PIIINP was moderately correlated with urine creatinine
extracellular matrix components including type III collagen.
concentrations (r=0.66), likely because of the inﬂuence of urine
Type III collagen is synthesized as a procollagen, and the aminoterminal propeptide (procollagen type III amino-terminal pro- tonicity on both markers. The correlation of urine PIIINP with
urine PIIINP indexed to creatinine was 0.58. Correlations of
peptide [PIIINP]) is largely cleaved during deposition of collagen
urine PIIINP with plasma PIIINP, eGFR and urine ACR were
in the extracellular matrix, and to a lesser extent during type III
present, but they were relatively modest (0.19, –0.17, and 0.25,
collagen breakdown. PIIINP is then released from the extracellurespectively).
lar matrix into the urine or blood. Several prior studies evaluating
kidney biopsy series have demonstrated that urine PIIINP concentrations are correlated with the severity of tubulointerstitial Urine PIIINP and Longitudinal Changes in Kidney Function
Among the 1001 Cardiovascular Health Study (CHS) particﬁbrosis on biopsy.8–10 In one study among kidney transplant recipients, PIIINP/creatinine (Cr) concentrations .100 ng/mmol ipants who provided repeat blood specimens for eGFR
were associated with declining eGFR; however, this study did not adjust for baseline
eGFR or proteinuria.9 To our knowledge, no
prior study has evaluated the association of
urine PIIINP with loss of kidney function in
older community-living individuals, an age
group in which measurement of kidney function by creatinine is known to be insensitive to
loss of GFR,11,12 proteinuria is infrequent,
and renal ﬁbrosis is particularly common.4
The purpose of this study was to determine the association of urine PIIINP concentrations with progression of CKD in
community-living older adults. Our primary
hypothesis was that higher urine PIIINP
concentrations would identify individuals at
greater risk for CKD progression and ESRD
independent of eGFR and urine ACR. As a
secondary objective, we also determined the
associations of urine PIIINP with incident
CVD, incident heart failure (HF), and allcause mortality, which are common CKD- Figure 1. Distribution of spot urine PIIINP concentrations in 958 randomly selected
community-living older adult participants in the CHS.
related outcomes in older persons.11,13
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Table 1. Baseline characteristics by quartiles of urine PIIINP in 958 randomly selected subcohort participants in the CHS
Urine PIIINP Quartiles

Characteristic
Range (mg/L)
n
Demographics
Age6SD, y
Male, n (%)
Black, n (%)
Education (.high school), n (%)
Lifestyle factors
Current smoking, n (%)
Alcohol ($7 drinks/wk), n (%)
Prevalent CVD
History of MI, n (%)
History of HF, n (%)
History of stroke, n (%)
Cardiovascular risk factors
BMI6SD (kg/m2)
SBP6SD (mmHg)
DBP6SD (mmHg)
BP medication use, n (%)
Diabetes, n (%)
Total Chol.6SD (mg/dl)
Lipid medication use, n (%)
CRP (mg/L), median (IQR)
Plasma PIIINP6SD (mg/L)
Kidney function measures
Baseline eGFR6SD (ml/min per 1.73 m2)
In all participants (n=958)
In those with follow-up eGFR data (n=289)
Follow-up eGFR6SD (ml/min per 1.73 m2) (n=289)
Urine ACR, mg/g (IQR)

1

2

3

4

#1.39
240

.1.39–2.58
239

.2.58–4.22
240

.4.22
239

7865
60 (25.0)
29 (12.1)
83 (34.6)

7865
81 (33.9)
27 (11.3)
98 (41.0)

7865
92 (38.3)
41 (17.1)
81 (33.8)

7965
145 (60.7)
49 (20.5)
90 (37.7)

18 (7.5)
28 (11.7)

12 (5.0)
37 (15.5)

23 (9.6)
34 (14.2)

19 (7.9)
20 (8.5)

29 (12.1)
23 (9.6)
11 (4.6)

31 (13.0)
24 (10.0)
15 (6.3)

23 (9.6)
13 (5.4)
7 (2.9)

36 (15.1)
26 (10.9)
32 (13.4)

26.164.4
137.6621.1
69.2610.0
128 (53.3)
20 (8.3)
204.6636.6
32 (13.3)
2.3 (1.0–5.1)
4.461.4

26.664.8
137.6622.3
69.8612.4
141 (59.0)
23 (9.6)
198.6638.8
30 (12.6)
1.9 (0.9–3.9)
4.761.6

27.665.0
136.0620.3
69.3610.8
136 (56.7)
39 (16.3)
205.9637.6
27 (11.3)
2.7 (1.1–5.4)
4.861.4

27.264.6
136.1619.7
70.4611.4
126 (52.7)
51 (21.5)
196.5641.7
26 (10.9)
2.5 (1.3–6.4)
5.261.9

67.2616.0
69.7615.3
64.6618.5
6.4 (3.9–13.6)

65.3617.7
69.0617.0
60.4620.4
8.0 (4.7–16.6)

63.0618.3
65.8616.6
58.5620.6
7.5 (4.7–18.2)

58.5620.4
68.7619.4
59.3622.5
12.3 (7.0–52.6)

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; BP, blood pressure; Chol., cholesterol; CRP, C-reactive protein; IQR,
interquartile range.

Table 2. Correlation matrix of key variables relative to
spot urine PIIINP concentrations in the 958 randomly
selected subcohort participants in the CHS
Urine PIIINP
eGFR
Urine ACR
Plasma PIIINP

Urine PIIINP

eGFR

Urine ACR

Plasma PIIINP

1.00
20.17
0.24
0.19

1.00
20.20
20.22

1.00
0.08

1.00

Data show unadjusted Spearman correlations because all variables were
right skewed with the exception of eGFR.

measurement at the follow-up examination, the mean
change in eGFR was –0.9361.6 ml/min per 1.73 m2/y, and
192 (19%) had $30% decline in eGFR relative to baseline
(CKD progression participants). Controls were those in the
randomly selected subcohort who remained alive and provided repeat eGFR measurements at the follow-up examination, but had ,30% decline in eGFR (n=231) (Figure 2).
Compared with the lowest urine PIIINP quartile, those in
the highest quartile had 2.6 times higher odds of CKD
2496
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progression in models adjusted for age, sex, race, clinic
site, and urine creatinine (Table 3). On a continuous scale,
each doubling of urine PIIINP was associated with 35%
higher odds of CKD progression. Additional adjustment for
eGFR and ACR attenuated the association such that each doubling was associated with 23% higher odds of CKD progression, and the highest quartile was associated with 68% greater
odds. Further adjustment for CVD and CKD risk factors did
not meaningfully inﬂuence the association. When the ﬁnal
model was additionally adjusted for plasma PIIINP concentrations, the association did not change meaningfully (HR per
doubling, 1.26; 95% conﬁdence interval [95% CI], 1.03 to
1.56).
Results were similar when we evaluated the association of
urine PIIINP concentrations with annualized change in eGFR
within the randomly selected subcohort. In models adjusted
for age, sex, race, clinic site, and urine creatinine concentration,
each doubling in urine PIIINP was associated with a 0.20 (95%
CI, 0.05 to 0.35) ml/min per 1.73 m2/y faster decline in eGFR.
In the fully adjusted model, each doubling of urine PIIINP was
J Am Soc Nephrol 26: 2494–2503, 2015
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50-fold greater risk of ESRD than those in
quartiles 1 or 2. In continuous analysis,
each doubling was associated with .4-fold
risk. When models were further adjusted
for baseline eGFR and urine ACR, the associations were substantially attenuated; those
in the highest quartile were at 3.2-fold higher
risk, and each doubling of PIIINP conferred a
25% increased risk of ESRD, but both associations were no longer statistically significant. Further adjustment for CVD and
CKD risk factors had a modest attenuating
effect, and additional adjustment for plasma
PIIINP had no further effect (HR per doubling, 1.16; 95% CI, 0.68 to 1.97).
Urine PIIINP and Risk of CVD, HF, and
Mortality

We observed no association of urine PIIINP
with either incident CVD or HF in either the
demographic or fully adjusted models. In
contrast, we observed a statistically significant association with all-cause mortality
(Table 5). There were 694 deaths during a
median 9.9 (range, 0.3–15.5) years of followup. Compared with the lowest urine PIIINP
quartile, those in the highest quartile were
at 33% higher risk of death, and each SD
Figure 2. Sampling for this study within the CHS. Black area represents participants
(3.0 mg/L) higher urine PIIINP was associincluded in the case-control study for the CKD progression outcome; gray area represents participants included in the case-cohort study for the incident ESRD outcome; ated with a 12% higher death risk in the
and hashed gray area represents participants included in the prospective cohort study fully adjusted model. Additional adjustment for plasma PIIINP had little effect
for the heart failure, CVD events, and all-cause mortality outcomes.
on the ﬁnal model (HR per SD, 1.11; 95%
CI, 1.01 to 1.22).
Finally, we evaluated the associations of urine PIIINP with a
associated with 0.12 (95% CI, –0.02 to 0.27) ml/min per
composite outcome of death, 30% decline in eGFR, or dialysis.
1.73 m2/y faster decline in eGFR.
This analysis was limited to the 958 individuals within the
In the secondary analysis, we evaluated 30% decline in eGFR
random subcohort (Table 6). In the ﬁnal model, each doubling
by creatinine. Because participants were selected using 30%
of urine PIIINP was associated with 18% higher odds of the
decline in eGFR by cystatin C, a priori, only some of the parcomposite outcome (odds ratio, 1.18; 95% CI, 1.00 to 1.38).
ticipants also had 30% decline in eGFR by creatinine, whereas
others did not. Conversely, some met the deﬁnition of 30%
decline by the creatinine-based outcome deﬁnition but were
missing urine PIIINP measurements. Point estimates were
DISCUSSION
similar to those in our primary analysis, but did not reach
statistical signiﬁcance (Supplemental Table 1).
We found that the urine concentration of PIIINP—a marker
There were 54 incident ESRD events during a median 9.5 years
of renal tubulointerstitial ﬁbrosis—is associated with risk of
follow-up. When participants were categorized by quartiles of CKD progression over 9 years in a large, community-living
urine PIIINP, we observed no individuals in the lowest quartile older adult population. This association was independent of
developed ESRD, and 4, 13, and 37 individuals developed ESRD
baseline eGFR, urine ACR, and other CKD and CVD risk
in quartiles 2–4, respectively (Table 4). With no ESRD events in factors. Our preliminary ﬁndings suggest similar associations
quartile 1, it could not serve as the reference category. We therewith incident ESRD; however, there were few events, and ﬁnal
fore collapsed quartiles 1 and 2, which jointly served as the refmodels were not statistically signiﬁcant. Higher urine PIIINP
erence category for the ESRD outcome. In models adjusted for concentrations were also independently associated with allage, sex, race, clinic site, and urine creatinine concentration,
cause mortality. No independent association was observed beindividuals in the highest category of urine PIIINP were at
tween urine PIIINP and incident CVD or HF events.
J Am Soc Nephrol 26: 2494–2503, 2015
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Table 3. Association of urine PIIINP with CKD progression in community-living older adult participants in the CHS
Urine PIIINP Quartiles
Urine PIIINP range (mg/L)
No.
No. with CKD
progression,a n (%)
Demographic adjusted,b
OR (95% CI)
Plus eGFR and urine albumin,c
OR (95% CI)
Plus CVD risk factors,d
OR (95% CI)

Urine PIIINP Continuous
(Per Doubling)

1

2

3

4

#1.39
105
40 (38)

1.40–2.58
122
56 (46)

2.59–4.22
97
45 (46)

.4.22
99
51 (52)

1.00 (reference)

1.60 (0.92 to 2.80)

1.92 (0.99 to 3.69)

2.64 (1.28 to 5.46)

1.35 (1.11 to 1.63)

1.00 (reference)

1.34 (0.76 to 2.36)

1.40 (0.71 to 2.78)

1.68 (0.78 to 3.64)

1.23 (1.02 to 1.50)

1.00 (reference)

1.33 (0.74 to 2.40)

1.43 (0.70 to 2.93)

1.69 (0.75 to 3.80)

1.22 (1.00 to 1.49)

OR, odds ratio.
a
CKD progression deﬁned as $30% decline in eGFR at follow-up.
b
Adjusted for age, sex, race, education, clinic site, and urine creatinine.
c
Adjusted for demographic variable plus baseline eGFR and urine albumin.
d
Adjusted for demographic variables eGFR, urine albumin, plus smoking status, pack years, body mass index, diabetes, systolic blood pressure, blood pressure
medication use, total cholesterol, lipid medication use, and C-reactive protein.

Table 4. Association of urine PIIINP concentrations with risk of ESRD in participants in the CHS
Urine PIIINP Quartiles
Range (mg/L)
Events
Person years at risk
Incidence rate (per 1000 person years)
Demographic adjusted,a HR (95% CI)
Plus eGFR and urine albumin,b HR (95% CI)
Plus CVD risk factors,c HR (95% CI)

1 and 2

3

4

Urine PIIINP Continuous
(Per Doubling)

#2.58
4
4457
0.9
1.00 (reference)
1.00 (reference)
1.00 (reference)

2.59–4.22
13
2174
6.0
13.4 (4.12 to 43.36)
2.42 (0.61 to 9.60)
2.36 (0.56 to 9.94)

.4.22
37
1975
18.7
50.9 (15.5 to 167.7)
3.22 (0.81 to 12.91)
2.78 (0.57 to 13.59)

4.18 (3.05 to 5.73)
1.25 (0.82 to 1.90)
1.16 (0.69 to 1.95)

a

Adjusted for age, sex, race, education, urine creatinine, and clinic site.
Adjusted for demographic variable plus baseline eGFR and urine albumin.
c
Adjusted for demographic variables eGFR, urine albumin, plus smoking status, pack years, body mass index, diabetes, systolic blood pressure, blood pressure
medication use, total cholesterol, lipid medication use, and C-reactive protein.
b

Currently, clinical assessment of CKD relies on eGFR and
ACR; both evaluate glomerular health. 3 However, kidney
damage is not limited to the glomerulus. Tubular atrophy
and tubulointerstitial ﬁbrosis are common on biopsy in both
CKD patients and in healthy older adults.4–7 Moreover, the
severity of tubulointerstitial ﬁbrosis on biopsy predicts progression to ESRD.5–7 Most participants in our study had eGFR$60
ml/min per 1.73 m2 and low-grade or absent albuminuria at
baseline. Although urine PIIINP concentrations were weakly
correlated with these glomerular measures, urine PIIINP was
independently associated with CKD progression during followup. If conﬁrmed, these ﬁndings suggest that urine PIIINP may
provide a noninvasive marker of renal tubulointerstitial ﬁbrosis
and a method to identify older individuals at particularly high risk
for CKD progression beyond the information available by measurement of eGFR and urine ACR.
This study adds to a growing body of evidence that noninvasive
assessment of kidney tubule health may provide complementary
information above and beyond eGFR and ACR. We have shown
that renal resistance to the hormonal actions of ﬁbroblast growth
factor-23 (a bone-derived hormone that induces renal phosphate
2498
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excretion through its actions on renal tubule cells) is associated with
higher risk of mortality and CVD events, outcomes that are strongly
linked to CKD.14 Lower serum bicarbonate concentrations—
a marker of metabolic acidosis and abnormal kidney tubule
acid-base regulatory function—are independently associated
with incident CKD development and more rapid CKD progression.15–17 Markers of kidney tubule injury and apoptosis (i.e.,
kidney injury molecule-1, IL-18, neutrophil gelatinase-associated
lipocalin) have been associated with risk of CKD progression.18,19
Importantly, urine PIIINP differs from these markers because it
identiﬁes the degree of renal ﬁbrosis, rather than kidney tubule
cell injury per se. Collectively, these studies suggest that noninvasive measures may capture renal tubule dysfunction, injury, and
ﬁbrosis and may provide complementary information about the
risk of CKD progression above and beyond eGFR and ACR. Future studies will require measurement of multiple markers of
kidney tubule health concurrently to determine the degree to
which they are correlated with one another and to identify which
tubule health marker or set of markers provide the best method to
predict CKD progression. In addition, participants in this study
provided urine measurements in 1996–1997; therefore, these
J Am Soc Nephrol 26: 2494–2503, 2015
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Table 5. Association of urine PIIINP with incident CVD, heart failure, and mortality in community-living older adult
participants in the CHS
Urine PIIINP Quartiles
Urine PIIINP range (mg/L)
Incident CVDa
No. of events
No. at risk
Incidence rate (per 1000 person years)
Demographic adjusted,b HR (95% CI)
Fully adjusted,c HR (95% CI)
Incident HFd
No. of events
No. at risk
Incidence rate (per 1000 person years)
Demographic adjusted,b HR (95% CI)
Fully adjusted,c HR (95% CI)
Death
No. of events
No. at risk
Incidence rate (per 1000 person years)
Demographic adjusted,b HR (95% CI)
Fully adjusted,c HR (95% CI)

1

2

3

#1.39

1.40–2.58

2.59–4.22

4

Urine PIIINP Continuous
Per SD (3.0 mg/L)

. 4.22

75
64
82
68
204
198
212
177
39.1
33.8
44.3
48.0
1.00 (reference) 0.87 (0.62 to 1.23) 1.19 (0.83 to 1.71) 1.18 (0.78 to 1.78)
1.00 (reference) 0.77 (0.54 to 1.09) 0.90 (0.61 to 1.33) 0.84 (0.54 to 1.32)

1.13 (0.97 to 1.31)
1.00 (0.85 to 1.18)

60
63
68
69
217
215
227
213
28.3
30.8
33.8
41.7
1.00 (reference) 1.13 (0.78 to 1.62) 1.28 (0.86 to 1.89) 1.44 (0.94 to 2.21)
1.00 (reference) 0.83 (0.57 to 1.21) 0.79 (0.52 to 1.20) 0.75 (0.47 to 1.19)

1.12 (0.96 to 1.32)
0.90 (0.75 to 1.08)

163
166
165
200
240
239
240
239
65.9
68.3
70.4
100.2
1.00 (reference) 1.11 (0.89 to 1.38) 1.34 (1.05 to 1.72) 1.87 (1.44 to 2.43)
1.00 (reference) 0.93 (0.74 to 1.18) 1.04 (0.80 to 1.34) 1.30 (0.98 to 1.74)

1.29 (1.19 to 1.40)
1.12 (1.03 to 1.23)

a

Incident CVD deﬁned as incident MI, stroke, or CVD death. Persons with prevalent CVD at baseline (n=167) were excluded.
Adjusted for age, sex, race, education, clinic site and urine creatinine.
Adjusted for age, sex, race, education, clinical site, urine creatinine, eGFR, urine albumin, smoking status, pack years, body mass index, diabetes, systolic blood
pressure, blood pressure medication use, total cholesterol, lipid medication use, and C-reactive protein.
d
Persons with prevalent HF at baseline (n=86) were excluded.
b
c

Table 6. Association of Urine PIIINP with the composite of death, 30% eGFR decline, or ESRD among the random
subcohort participants in the CHS
Urine PIIINP Quartiles
Urine PIIINP range (mg/L)
No. at risk
No. with events,a n (%)
Demographic adjusted,b
OR (95% CI)
Plus eGFR and urine albumin,c
OR (95% CI)
Plus CVD risk factors,d
OR (95% CI)

1

2

3

4

Urine PIIINP Continuous
(Per Doubling)

#1.39
174
109
1.00 (reference)

1.40–2.58
183
117
1.12 (0.70 to 1.79)

2.59–4.22
178
126
2.03 (1.19 to 3.46)

.4.22
198
151
2.78 (1.52 to 5.09)

1.26 (1.05 to 1.52)

1.00 (reference)

0.91 (0.56 to 1.49)

1.36 (0.77 to 2.40)

1.40 (0.71 to 2.73)

1.14 (0.98 to 1.33)

1.00 (reference)

0.99 (0.60 to 1.63)

1.62 (0.90 to 2.90)

1.65 (0.83 to 3.30)

1.18 (1.00 to 1.38)

OR, odds ratio.
a
Within the random subcohort, 440 died, 72 had 30% decline in eGFR, and 14 had incident ESRD events. Because of overlaps, the total event number is 503.
b
Adjusted for age, sex, race, education, clinic site, and urine creatinine.
c
Adjusted for demographic variable plus baseline eGFR and urine albumin.
d
Adjusted for demographic variables eGFR, urine albumin, plus smoking status, pack years, body mass index, diabetes, systolic blood pressure, blood pressure
medication use, total cholesterol, lipid medication use, and C-reactive protein.

ﬁndings should be conﬁrmed in patients receiving contemporary
clinical practice and using freshly collected specimens. Whether
measurement of urine PIIINP may improve clinical decision
making and patient outcomes will be an important next step.
To our knowledge, this study is also the ﬁrst to evaluate the
association of urine PIIINP with longitudinal changes in
kidney function while accounting for eGFR and ACR and the
ﬁrst to evaluate associated outcomes such as CVD, HF, and
J Am Soc Nephrol 26: 2494–2503, 2015

mortality. Nonetheless, prior studies support ﬁndings reported
herein. Soylemezoglu and colleagues reported that patients with
acute interstitial nephritis had urine PIIINP concentrations that
were 4- to 5-fold higher than those with other forms of CKD,
and about ten times higher than healthy controls.10 Similar
ﬁndings were reported by Ghoul and colleagues, who studied
118 patients with CKD.8 Teppo and colleagues found that kidney transplant recipients with urine PIIINP/Cr.100 ng/mmol
Urine PIIINP and CKD Progression
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were more likely to lose GFR during follow-up than those with
lower concentrations; however, they did not evaluate whether
associations were independent of baseline eGFR, ACR, or other
risk factors.9 All three of these studies found direct correlations
between urine PIIINP concentrations and the severity of tubulointerstitial ﬁbrosis on biopsy.
PIIINP is 44 kD in size and therefore smaller than albumin.20
It is possible that some PIIINP found in urine originates from
glomerular ﬁltration rather than tubule ﬁbrosis, but this is unlikely to explain the associations reported here. The associations
of urine PIIINP with CKD progression and all-cause mortality
were independent of albuminuria, which served as a marker of
nonspeciﬁc glomerular protein leak. Our results did not meaningfully change when we adjusted for plasma PIIINP concentrations. Prior studies in experimental animals comparing renal
arterial and venous PIIINP concentrations failed to show renal
extraction of PIIINP; most of its clearance was hepatic.21 Finally,
Teppo and colleagues found that urine PIIINP concentrations
were associated with tubulointerstitial ﬁbrosis, whereas plasma
PIIINP concentrations were not.9
The strengths of our study include its relatively large sample
size; concurrent measurement of eGFR, ACR, and plasma
PIIINP; availability of follow-up for change in kidney function
and ESRD; and evaluation of a community-living older adult
cohort with largely preserved eGFR and low-grade or absent
albuminuria at baseline. The study also has important limitations. By necessity, for the CKD progression outcome, participants needed to live and return for a follow-up visit to provide
repeat blood sampling to assess changes in kidney function. In
this older cohort, many individuals died between visits, and
others may have been too ill or debilitated to return, which may
have introduced bias. We tried to mitigate this by evaluating
ESRD in companion analyses because ESRD events could be
captured irrespective of participation at the follow-up visit.
Results were qualitatively similar, but the smaller number of
incident ESRD participants provided limited statistical power. In
addition, some older adults may have developed ESRD and
chosen not to initiate dialysis and pursued palliative care; such
individuals may have been captured in the associations of urine
PIIINP with all-cause mortality. Serum creatinine was isotope
dilution mass spectrometry (IDMS) standardized at the followup visit, but not at baseline; therefore, we chose to examine
30% decline in eGFR using cystatin C. We included a secondary
analysis evaluating eGFR change deﬁned by creatinine. The
strength of association was qualitatively similar but did not
reach statistical signiﬁcance. This analysis was added post hoc.
Because participants were selected for PIIINP measurement
a priori on the basis of change in eGFR by cystatin C, the
results may be inﬂuenced by the fact that only a subset of
those with 30% decline by creatinine had available PIIINP
measurements. Moreover, because creatinine measurements
were IDMS standardized at one visit but not the other, laboratory drift in creatinine measurements between examinations may have led to misclassiﬁcation. Nonetheless, point
estimates appeared similar, albeit not statistically signiﬁcant.
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Future studies are required to conﬁrm these ﬁndings using
creatinine-based eGFR measures. Some may consider adjustment for eGFR and ACR as overadjustment because declining
eGFR will be intermediary between renal ﬁbrosis and ESRD.
However, our purpose was to determine whether urine PIIINP
may have clinical utility in identifying risk of CKD progression
and ESRD above and beyond kidney function measures routinely available in clinical practice.
In conclusion, in community-living older persons, urine
PIIINP concentrations are associated with CKD progression
independent of baseline eGFR, ACR, and CKD risk factors.
Urine PIIINP is also independently associated with all-cause
mortality. If conﬁrmed, urine PIIINP measurement may provide
a noninvasive method to assess the degree of renal ﬁbrosis and to
identify individuals at particularly high risk for subsequent CKD
progression.

CONCISE METHODS
Participants
The CHS is a community-based study of older adults designed to
evaluate risk factors for CVD. The study design and protocols have
been described previously.22,23 In brief, eligibility required age $65
years, expectation to remain in the area for 3 years after recruitment,
no active cancer treatment, and the ability to provide informed consent. During 1989 and 1990, 5201 participants were recruited from
four United States communities using Medicare eligibility lists. An
additional 687 blacks were recruited in 1992–1993. In person examinations were performed annually through 1998–1999 and again in
2006–2007. Telephone interviews were conducted semiannually from
1989 to 1999 and biannually thereafter.
We measured urine PIIINP at the 1996–1997 study visit because it
was the ﬁrst visit at which spot urine specimens were obtained and
stored. Figure 2 depicts the sampling design for this study. Among
3406 individuals who participated and provided blood at this visit, we
excluded individuals with missing serum creatinine (n=1), cystatin
C (n=0), or ACR (n=92). We then randomly selected a subcohort of
960 individuals, two of whom lacked sufﬁcient urine to measure PIIINP,
resulting in a subcohort of 958 individuals for analysis. Randomly selecting these individuals (i.e., not on the basis of the presence or absence
of CKD progression, ESRD, CVD, HF, or death) allowed us to conduct
both case-cohort and case-control analyses as subsequently described.
We deﬁned CKD progression as $30% decline in eGFR on the
basis of cystatin C from the 1996 to 1997 visit to the next CHS followup visit in which blood was obtained for eGFR measurement in 2005–
2006.24 Among the 3406 individuals who participated and provided
blood at the 1996–1997 visit, 1001 were alive and provided blood
specimens again at the 2005–2006 visit. Among these, 192 had
$30% decline in eGFR. These individuals were identiﬁed as participants and were all selected for urine PIIINP measurement. Of the
958 randomly selected subcohort participants from the total of 3406
with available specimens at the 1996–1997 visit, 289 were alive and
provided blood for repeat eGFR measurement at the 2005–2006 visit.
Among these, 59 had $30% decline in eGFR and were therefore
J Am Soc Nephrol 26: 2494–2503, 2015
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already in the patient sample. The remaining 231 individuals with
,30% decline in eGFR served as controls for the CKD progression
analyses.
We also evaluated the association of urine PIIINP with incident
ESRD using a case-cohort design. Among the 3406 individuals who
participated and gave blood at the 1996–1997 study visit, we identiﬁed 54 subsequent ESRD participants. These individuals were selected as ESRD participants and had urine PIIINP measured from
the 1996 to 1997 stored specimens. Among them, 14 originated within
the subcohort.
Finally, we analyzed the association of urine PIIINP with risk of
incident CVD, HF, and all-cause mortality. Each of these outcomes
was common in this older adult cohort. Therefore, we conducted these
analyses among the randomly selected subcohort using a standard
prospective cohort design without additional case sampling.
In aggregate, the subcohort, CKD progression participants, and incident ESRD participants provided a study sample of 1122 individuals
who had PIIINP measured.

Measurements

Urine PIIINP
Spot urine specimens were obtained at the time of the 1996–1997
study visit and stored at –70°C until 2013 when they were thawed and
measured for PIIINP. We used a commercially available radioimmunoassay from Orion Diagnostica (Espoo, Finland). Measurements were
made in duplicate in each sample, and results were averaged. In our
laboratory, estimates of the interassay coefﬁcient of variation (CV)
ranged from 8.2% to 14.6%. We assessed short-term biologic variability
of PIIINP/Cr by performing repeat measurements in seven healthy volunteers at 1, 3, and 7 days. Within-subject (CVI) and between-subject
(CVG) CVs, and their ratio, the index of individuality (II), were calculated as previously described by Sakkinen and colleagues.25 The resulting value for PIIINP/Cr II was 0.25 (CVI/CVG=32.2/130.4),
which compares well with values for plasma cholesterol (II=0.44)
and C-reactive protein (II=0.53). The detectable range of the assay
was between 0.05 and 50 mg/L. Among the 1122 samples, we found
that 29 (2.6%) had urine PIIINP concentrations below the detectable
limit. Values equal to the lower limit of detection (0.05 mg/L) were
assigned to these samples. We also used the same radioimmunoassay
to measure plasma PIIINP. Inter- and intra-assay coefﬁcients of variation for both were ,7.2%.26

Outcomes
GFR at both the 1996–1997 and 2005–2006 study visits was estimated
using the equation that included serum cystatin C concentrations,
age, sex, and race derived by the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) study.27 Cystatin C measurements were
made by a Siemens nephelometric assay at both study visits, as previously described.11 A change in eGFR$30% from baseline deﬁned CKD
progression participants.24 Creatinine was not used for eGFR at either
visit because the 2005–2006 creatinine measurements were IDMS standardized, whereas the 1996–1997 measurements were not.
To identify participants with incident ESRD, we merged CHS data
with Centers for Medicare and Medicaid Services (CMS) claims data.
We used the ESRD eligibility ﬂag for fee-for-service Medicare, which
J Am Soc Nephrol 26: 2494–2503, 2015
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begins on the ﬁrst day of the forth month after dialysis initiation. The
index date was the beginning of the eligibility period. Fee-for-service
Medicare claims were available through the end of 2009. A prior
linkage of CHS data with the United States Renal Data System
(USRDS) identiﬁed CHS participants with ESRD through 2003.28
When comparing incident ESRDs identiﬁed by CMS versus USRDS
linkage data through 2003, use of the CMS data had 70.1% sensitivity
(95% CI, 59.4% to 79.5%) and 99.9% speciﬁcity (95% CI, 99.8% to
99.9%) for USRDS-deﬁned ESRD participants. Using the CMS
claims data we identiﬁed 54 incident ESRD participants from 1996
to 97 through 2009.
Methods of ascertainment and adjudication of CVD, HF, and
mortality have been described previously.29–32 In brief, deaths are
identiﬁed by review of obituaries, medical records, death certiﬁcates,
the CMS’s health care utilization database for hospitalizations and
from household contacts. On the basis of comparison with records
from the National Death Index, ascertainment of mortality in CHS is
estimated to be close to 100%.
All HF, CVD events, and CVD deaths are adjudicated by the CHS’s
Events Committee. Participants with history of HF were excluded in
analyses evaluating incident HF, whereas those with prevalent CVD
(history of myocardial infarction [MI] or stroke) were excluded from
incident CVD analyses. Incident HF required a physician’s diagnosis
of HF, and adjudication by the Events Committee required symptoms, signs, chest radiographic ﬁndings, and treatment of HF.29,30 We
evaluated a composite CVD outcome deﬁned as the ﬁrst occurring
among incident fatal or nonfatal MI, incident fatal or nonfatal stroke,
and CVD death. MI is ascertained from hospital records and on the
basis of a clinical history of cardiac symptoms, elevated cardiac enzyme
concentrations, and serial electrocardiographic changes.30 Cases of
possible stroke are adjudicated by a committee of neurologists, neuroradiologists, and internists on the basis of interviews with patients,
medical records, and brain imaging studies.31 CVD death was deﬁned
as death caused by atherosclerotic coronary heart disease or cerebrovascular disease.

Other Measurements
Information on covariates was obtained at the 1996–1997 study visit
concurrent with urine PIIINP and included age, sex, race, clinic center,
urine creatinine, and CVD risk factors, including systolic blood pressure, use of antihypertensive medications, diabetes (fasting glucose
$126 mg/dl, nonfasting glucose $200 mg/dl, or use of antiglycemic
medications or insulin), smoking status (current, former, or never),
pack years of tobacco use, body mass index, total cholesterol, use of
lipid lowering medications, and C-reactive protein concentrations.33

Statistical Analysis
We categorized participants into quartiles on the basis of urine PIIINP
concentrations in the randomly selected subcohort and evaluated the
distribution of potential confounders across urine PIIINP categories.
Next, we evaluated the unadjusted correlations of urine PIIINP, eGFR,
urine ACR, and plasma PIIINP levels using Spearman correlation
coefﬁcients.
We evaluated the association of urine PIIINP with CKD progression
using logistic regression. Initial models were adjusted for age, sex, race,
Urine PIIINP and CKD Progression
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clinic site, and urine creatinine; the latter was used to adjust for
differences in urine concentration at the time of collection without
creating a ratio, to avoid potential inﬂuence of factors that affect the
denominator (urine creatinine) rather than the numerator.34,35 A subsequent model additionally adjusted for baseline eGFR and urine ACR.
A ﬁnal model additionally included CVD and CKD risk factors (smoking status [current, former, never], pack years [continuous], body mass
index [continuous], diabetes, systolic blood pressure [continuous],
blood pressure medication use, total cholesterol [continuous], lipid
medication use, and C-reactive protein concentrations [continuous]).
Primary analysis evaluated eGFR deﬁned by cystatin C, age, sex, and
race, and participants were selected on the basis of this equation a priori.
Some but not all of the participants also had a 30% decline when eGFR
was calculated using serum creatinine and the CKD-EPI equation,36 and
others who had 30% decline by the CKD-EPI equation did not have
urine measurements of PIIINP. Creatinine measurements were IDMS
standardized at one visit but not the other. Therefore, we evaluated CKD
progression by creatinine only as a secondary outcome.
We evaluated the association of urine PIIINP with incident ESRD
using modiﬁed Cox regression to account for the case-cohort
approach.37,38 This analysis included all 958 persons within the random subcohort and all incident ESRD participants, regardless of
whether they arose from the subcohort. Subcohort participants
(ESRD noncases and subcohort cases before their failure) were
weighted by the inverse of the sampling fraction. Cases that arose
outside the subcohort were not weighted before their failure. All cases
(irrespective of whether they arose in the subcohort or not) were
assigned a weight of one at the time of failure. Robust variance estimators were computed. The series of models were adjusted identically to the CKD progression outcome.
Next, we evaluated associations of urine PIIINP with incident
CVD, HF, and all-cause mortality. We used the 958 randomly selected
subcohort sample only (no additional case sampling) and evaluated
associations of urine PIIINP with each outcome using the standard
Cox proportional hazards regression. For the evaluation of incident
CVD events, we excluded 167 persons with prevalent CVD at the
1996–1997 visit, resulting in a sample size of 791 individuals for this
outcome. Likewise, for the incident HF events outcome, we excluded
86 individuals with prevalent HF at the 1996–1997 visit, resulting in a
sample size of 872 individuals for this outcome. Again, the series of
adjustments were identical as for the CKD progression outcome decribed previously.
As a ﬁnal step, we evaluated a composite outcome of death, 30%
decline in eGFR, or ESRD. This analysis was limited to the 958 persons
in the subcohort. Because 30% decline in eGFR was interval censored
at the 2005–2906 examination, we evaluated associations using logistic regression for the composite outcome.
For each association, we evaluated the functional form using
generalized additive models. For CKD progression and incident
ESRD, there was an approximately linear association between logtransformed urine PIIINP and the outcome. For incident CVD, HF, and
mortality, untransformed urine PIIINP provided a better linear ﬁt. For
the latter, we present risk estimates per SD increment of urine PIIINP.
We conducted sensitivity analyses for each outcome evaluating
urine PIIINP indexed to urine creatinine, rather than adjusted for
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urine creatinine. In all cases, the results were similar (data not shown).
All analyses were conducted using Stata version 12.1 (StataCorp.,
College Station, TX).
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