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Abstract

To identify determinants of early progressive renal decline in type 2 diabetes a range of markers 

were studied in 1032 patients enrolled into the 2nd Joslin Kidney Study. eGFR slopes estimated 

from serial measurements of serum creatinine during 5–12 years of follow-up were used to define 

early renal decline. At enrollment, all patients had normal eGFR, 58% had normoalbuminuria and 

42% had albuminuria. Early renal decline developed in 6% and in 18% patients, respectively. As 

determinants, we examined baseline values of clinical characteristics, circulating markers: TNFR1, 

KIM-1, and FGF23, and urinary markers: albumin, KIM-1, NGAL, MCP-1, EGF (all normalized 

to urinary creatinine) and the ratio of EGF to MCP-1. In univariate analysis, all plasma and urinary 

markers were significantly associated with risk of early renal decline. When analyzed together, 

systolic blood pressure, TNFR1, KIM-1, the albumin to creatinine ratio, and the EGF/MCP-1 ratio 
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remained significant with the latter having the strongest effect. Integration of these markers into 

multi-marker prognostic test resulted in a significant improvement of discriminatory performance 

of risk prediction of early renal decline, compared with the albumin to creatinine ratio and systolic 

blood pressure alone. However, the positive predictive value was only 50% in albuminuric 

patients. Thus, markers in plasma and urine indicate that the early progressive renal decline in 

Type 2 diabetes has multiple determinants with strong evidence for involvement of tubular 

damage. However, new, more informative makers are needed to develop a better prognostic test for 

such decline that can be used in a clinical setting.
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Introduction

Patients with type 2 diabetes mellitus (T2D) are at increased risk of end-stage renal disease 

(ESRD) and they contribute to one half of all new cases of ESRD in the US population.1, 2 

This devastating outcome develops as a result of progressive renal decline.3 The rate of this 

decline varies greatly among patients but appears to be fairly constant over time in the same 

person,3–5 making it possible to search for markers that predict rate of decline and identify 

patients at risk many years before onset of ESRD.

There has been significant effort to understand the mechanisms and develop prognostic tests 

for progressive renal decline in diabetic patients with impaired renal function (late 

progressive renal decline).6–10 Very little is known, however, about the mechanisms, 

determinants and markers of early progressive renal decline in patients with normal renal 

function. Early progressive renal decline was recognized recently.11–13 Various definitions 

have been used to diagnose such decline but all rely on serially measured serum creatinine 

and evaluation of trajectory of creatinine based eGFR over variable follow-up period. In this 

study, we used a loss of >30% eGFR from baseline value during ≤5 years of follow-up as the 

outcome measure. Patients with normal renal function and such an eGFR loss might reach 

ESRD in less than 20 years.3 Decline in eGFR of >30% at any time during follow-up was 

recently proposed as the pre-defined endpoint of CKD progression.14

In this study we aimed to investigate determinants of early renal decline in a large cohort of 

T2D patients with normal renal function. We were particularly interested in evaluating the 

hypothesis that markers of tubular damage and kidney inflammation might be important in 

initiation and progression of early renal decline independently from other markers, as we 

have recently demonstrated in Type 1 diabetes (T1D).15,16 New, emerging risk markers of 

renal decline include markers of proximal and distal tubule damage (markers indicating 

damage: KIM-1, and NGAL, or healing: EGF) and markers of kidney inflammation 

(MCP-1). These proteins can indicate ongoing damage (or protection), but it is also possible 

that some are causally involved in initiation and progression of chronic kidney disease.17–24

For etiological consideration we examined three groups of pathogenetic factors or 

biomarkers at baseline: 1) clinical characteristics, 2) serum markers known to be associated 
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with renal decline: tumor necrosis factor receptor 1 (TNFR1),6 kidney injury molecule-1 

(KIM-1)15,16 and fibroblast growth factor 23 (FGF23),25 and 3) urinary markers: albumin/

creatinine ratio (ACR), kidney injury molecule-1 (KIM-1cr), neutrophil gelatinase-

associated lipocalin (NGALcr),26, 27 monocyte chemoattractant protein-1 (MCP-1cr),28 

epidermal growth factor (EGFcr).29, 30 and EGF/MCP-1 ratio.31 We evaluated the markers 

individually and jointly as determinants of the development of early renal decline in T2D.

Additionally, using our findings on the determinants of early progressive renal decline, we 

aimed to develop a multi-marker prognostic test constructed from the strongest and 

statistically independent variables, and assess its prognostic performance in identifying those 

at high risk of early renal decline among diabetic patients with normal renal function.

Our study differs from previous publications on renal decline in T2D.6–9, 30 Those studies 

often focused on a single marker and they frequently did not distinguish early renal decline 

when patients had normal renal function from late renal decline when patients had impaired 

renal function. Most importantly, although the positive findings were reported and 

interpreted as potential prognostic tests, the authors never attempted to use their findings to 

construct specific tests to diagnose patients at risk of early renal decline. Obviously, they 

never evaluated performances of such tests among patients with low risk of early renal 

decline. We aimed to do both; to search in a comprehensive way for markers of etiologic 

pathways of early progressive renal decline and to use the findings to construct a prognostic 

test and evaluate its performance.

Results

Characteristics of the Study groups

One thousand three hundred sixty-eight patients with T2D attending the Joslin Clinic 

between 2003 and 2009 were enrolled into the 2nd Joslin Kidney Study. By design half of 

these patients had normoalbuminuria and half had albuminuria according to multiple ACR 

measurements during the 2 year interval preceding the enrollment. For the present study we 

selected only patients with normal eGFR at baseline (median of 98 and 1st and 3rd quartile of 

85–110 mL/min) of whom 602 had normoalbuminuria and 430 had albuminuria. Table 1 

shows characteristics of both groups. In both groups 80% were Caucasians and 20% were 

minorities. By design, patients with normoalbuminuria had very low baseline ACR (median 

4 ug/mg; 1st and 3rd quartile of 2 – 7) and the majority of those with albuminuria had 

baseline ACR in the range of microalbuminuria (median 44 μg/mg; 1st and 3rd quartile of 

20–141), only 16% of them had ACR in the proteinuria range. Otherwise both groups were 

similar with regard to age, duration of diabetes, proportion of treatment with insulin, and 

eGFR. Those with albuminuria were treated more frequently with ACE-inhibitors/ARBs 

than those with normoalbuminuria.

All patients were followed for 5 to 12 years with median 7.4 years. Duration of follow-up 

and number of serum creatinine measurements to determine eGFR slopes were similar in 

both groups. The eGFR slopes were used to assess early renal decline in each group. The 

median eGFR slope was −1.2 mL/min/year (1st, 3rd quartile −2.4; −0.3) and −2.2 (−4.1; 

−0.9) in normoalbuminuria and albuminuria group respectively (p<0.001). The proportion of 
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decliners defined as eGFR loss ≥30% during 5 years of follow-up was 6% in the first group 

and 18% in the second (p<0.001). It is important to note that in both groups we observed 

very fast decliners who progressed to ESRD during follow-up period. Deaths unrelated to 

ESRD were infrequent and occurred among non-decliners.

Comparison of Decliners vs. Non-decliners

To examine the differences in determinants of early renal decline both sub-groups of 

decliners (38 with normoalbuminuria and 76 with albuminuria) were combined (n=114) and 

compared with non-decliners (n=918). Table 2 shows comparisons of clinical characteristics, 

circulating and urinary markers between decliners and non-decliners. Characteristics such as 

sex, age, duration of T2D, insulin Rx, were not different between decliners and non-

decliners. Regarding other clinical characteristics at baseline, decliners had significantly 

higher HbA1c, BMI, systolic and diastolic blood pressure, and significantly lower baseline 

eGFR than non-decliners. The concentrations of circulating markers were significantly 

higher in decliners than in non-decliners. Similarly the single determination of concentration 

at baseline of all urinary markers adjusted for urinary creatinine, were significantly higher in 

decliners than in non-decliners with the exception of EGFcr, which was higher in non-

decliners than in decliners. Based on the previous report showing ratio of EGF over MCP-1 

as a good predictor of renal outcome in IgA nephropathy,31 we analyzed such ratio in this 

study, as a separate variable. As shown in Table 2, the median of this ratio was very low in 

decliners compared with non-decliners and the difference was highly statistically significant 

(p <0.001).

Etiological model of early renal decline: Results of Univariate and Multivariable Logistic 
Analyses

Many clinical characteristics, circulating and urinary markers were postulated to be involved 

in the early progressive renal decline on the basis of either univariate or multivariable 

analyses. To compare the results of our study with the previous publications we searched for 

determinants of initiation and progression of early progressive renal decline first by 

univariate and then by multivariable logistic analysis using clinical variables and markers 

shown in Table 2. In univariate and multivariable logistic analyses, race (p=0.13), sex 

(p=0.06), duration of T2D (p=0.86), insulin treatment (p=0.24), ACE-I Rx (p=0.08), and 

urinary NGALcr (p=0.19), were not associated with early renal decline. The others (A1c, 

BMI, systolic blood pressure, eGFR, TNFR1, plasma and urine KIM-1, FGF23 and EGF/

MCP-1) were associated with early renal decline in univariate models and were included in 

multivariable logistic analysis (see Supplemental Material). The odds ratios for these 

variables/markers are presented in Supplementary Table 2.

The graphical illustration of comparison of the odds ratios from univariate and multivariable 

analyses is shown in Figure 1. In multivariable logistic model odds ratios for HbA1c, eGFR, 

BMI, and urinary KIM-1cr became statistically not significant compared to univariate 

approach, whereas blood pressure, ACR, TNFR1, and plasma KIM-1 remained 

independently associated with increased risk of developing early renal decline. The 

magnitude of odds ratios for the latter were attenuated compared to odds ratios obtained in 

univariate analysis. It is important to note that in the multivariable analysis, the effect of 
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urinary KIM-1cr disappeared whereas effect of plasma KIM-1 remained statistically 

significant. No difference in odds ratios between univariate and multivariable approach was 

observed for the EGF/MCP-1 ratio. This indicates that the high urinary concentration of 

EGF normalized for urinary concentration of MCP-1 had a strong protective effect against 

the development of early renal decline, independent from the role of the other markers and 

pathogenic mechanisms.

Prognostic multi-marker test to identify patients at risk of early renal decline

To select informative covariates into the multivariable prognostic logistic model, we used all 

the clinical characteristics and markers listed in Table 2 and a backward selection of 

covariates (see Supplemental material). In the final model the following markers were 

selected: systolic blood pressure, ACR, plasma TNFR1, plasma KIM-1 and EGF/MCP-1 

ratio in urine using the significance criterion α=0.1. These were the same variables as in the 

etiological model described above.

In order to determine the incremental prognostic value of each of the selected markers in the 

complete study cohort we sequentially added systolic blood pressure, plasma TNFR1, 

plasma KIM-1 and EGF/MCP-1 ratio in urine to an initial logistic model containing ACR. 

The sequence was based on how strongly each covariate is already established as a clinical 

predictor of kidney injury. The results are shown in Table 3. For easy clinical interpretability 

we present odds ratio per one quartile increase in concentration of each marker. C-statistic is 

provided for each model and we calculated Integrated Discrimination Improvement (IDI) for 

pairwise comparisons between subsequent models. The IDI quantify improved 

discriminatory performance with addition of a subsequent marker. The base model #1 with 

ACR only had c-statistic of 0.71 (95% CI, 0.66; 0.76) and model #2 with ACR and systolic 

BP had c-statistic of 0.73 (95% CI, 0.68, 0.79; p for the difference=0.03). The C-statistic 

improved significantly with subsequent inclusion of TNFR1 (Model #3) to 0.77 (95% CI, 

0.72, 0.81; p for difference p=0.03), then it increased to 0.78 (95% CI, 0.74; 0.83; p for 

difference p=0.08) with addition of plasma KIM-1 (Model #4) and to 0.81 (95% CI, 0.77; 

0.85; p=0.03) with EGF/MCP-1 added (Model #5). The IDI values were significant for 

comparisons of all subsequent models. The detailed performance of the models was also 

assessed with likelihood ratio tests and other reclassification metrics (Supplementary Table 

3).

As a sensitivity analysis, the same approach was applied to patients with T2D and 

normoalbuminuria (low risk of early renal decline, see Table 1), and it showed a similar 

pattern of associations between the same predictors and early renal decline, albeit somewhat 

weaker and not always statistically significant (see Supplementary Table 4).

In order to develop a prognostic test to identify patients at high risk of early progressive 

renal decline, we developed a multi-marker prognostic score using the whole study group of 

patients with T2D.54–56 The model for score derivation included variables in the Model #5: 

ACR, systolic blood pressure (SBP), TNFR1, KIM-1 and EGF/MCP-1 ratio, all log-

transformed. The score is calculated with the following formula:
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Score = ACR0.26 × SBP2.35 × TNFR11.05 × KIM1 × (MCP1/ECF) 0.42 × 10−3,

where urinary ACR is expressed in mg/g, SBP in mmHg, serum TNFR1 and serum KIM-1 

in ng/ml, and urinary MCP-1 and EGF in ng/ml. For details of an underlying logistic model 

see Supplementary Table 5.

The area under the ROC curve was 0.81 (95% CI 0.77, 0.85). We performed a 10-fold cross-

validation, which yielded an AUC 0.80, reflecting a 0.015 optimism. The score was further 

validated by applying it in our previously described cohort of patients with T1D.13 The ROC 

analysis resulted in AUC 0.74 (95% CI, 0.65; 0.85) in T1D. The results are plotted in Figure 

2.

To illustrate a possible clinical application of such a score we examined its value in the 

normoalbuminuria and albuminuria study groups separately. The results are shown in Table 

4. We chose cut-points, which yielded 60% sensitivity. In normoalbuminuric patients, a 

prognostic test based on multi-marker score would have a very low positive predictive value 

(PPV) of 16%. In patients with albuminuria this test would have a reasonable PPV of 50%. 

For comparison, Table 4 shows performance of prognostic tests based on baseline ACR 

concentration only. PPV of test based on ACR was impossible to derive in 

normoalbuminurics and in albuminurics PPV was only 32%.

Discussion

By following a large cohort of mainly Caucasian patients with T2D and normal eGFR at 

baseline, we found that 6% of patients with normoalbuminuria and 18% of those with 

albuminuria developed early renal decline. Many patients with such decline developed 

ESRD during the current observation. The other decliners will most likely develop ESRD 

within the next 20 years of follow-up.3–5

In this study we found that, in addition to high systolic blood pressure and ACR, the risk of 

early renal decline was strongly associated with high circulating levels of TNFR1, KIM-1 

and with decreased urinary EGF/MCP-1 ratio. We summed up all of these markers to 

differentiate the etiology and to screen for patients with incipient progressive renal decline. 

Taken together the results indicate that multiple determinants may contribute to the 

development of early renal decline.

In our study, the effect of systolic blood pressure was strong and significant in univariate 

analysis, and decreased only moderately when other variables were considered in 

multivariable logistic regression. These findings indicate that elevated systolic blood 

pressure exerts its impact on early renal decline through a unique and independent 

mechanism. The effect of elevated blood pressure on renal decline in diabetes has long been 

recognized.32 Our study simply extends the previous observations to early renal decline.

Circulating levels of TNFR1, KIM-1 and urinary ACR had very strong effects on risk of 

early renal decline in univariate analysis. In multivariable analyses, when all of them were 
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included, those effects were still strong, however, attenuated. This suggests that the effects 

and, therefore mechanisms of action of these three determinants overlapped to some degree. 

At this time it is difficult to define this common overlapping mechanism. The existing 

literature mainly considered mechanisms that could account for effects of the markers 

separately.17, 21,33

Our findings regarding the stronger effect of plasma KIM-1 vs. urinary KIM-1 are of 

interest. The strong effect of urinary KIM-1 on risk of early renal decline vanished in 

multivariable logistic analyses specifically after accounting for effects of ACR and plasma 

KIM-1. This observation might be explained by two mechanisms. First, plasma KIM-1 most 

likely reflects longer term changes in tubular damage whereas urinary KIM-1 reflects short 

term variation of this damage. Second, as some authors have postulated elevated ACR 

reflects both glomerular and tubular damage and therefore might account for the effect of 

urinary KIM-1.

In agreement with recent publications, we found increased risk of early renal decline 

associated with decreased urinary levels of EGF.29, 30 Relevant to this observation is our 

finding that the effect of EGF became much stronger when urinary EGF excretion was 

standardized by urinary MCP-1 levels and expressed as EGF/MCP-1 ratio. It is important to 

emphasize that the effect of this ratio was as strong in univariate as in multivariable logistic 

analysis, i.e. that its effect was not attenuated by other determinants. This indicates that this 

ratio might either be causally related or it measured an intensity of a disease process which 

contributed to early renal decline through an independent causal process. Previously the 

urinary EGF1/MCP-1 ratio was found to be a prognostic marker in IgA nephropathy.31, 34 It 

was also suggested that downregulation of EGF with simultaneous upregulation of MCP-1 

and increased apoptosis in the proximal tubules might be involved in tubulointerstitial 

damage in reflux nephropathy.35

EGF is a potent trophic factor produced mainly in kidney tubules, and plays a role in kidney 

development and in tissue repair.36 Experimental studies have shown the importance of EGF 

and EGFR signaling in maintaining tubular epithelial cell integrity.19, 20, 37,38 In the recent 

study by Ju et al., low urinary EGF was found to predict loss of renal function in three 

cohorts of patients with advanced CKD. The authors hypothesized that urinary EGF 

excretion might be a marker of regenerative tubular functional reserve.30 Low urinary 

excretion of EGF was also found to be associated with increased risk of renal function loss 

in normoalbuminuric patients with T2D in the Edinburgh study.30 However, its prognostic 

value was not statistically significant when other markers and clinical characteristics were 

included.

MCP-1 is a chemokine with a critical role in recruiting activated macrophages/monocytes to 

the kidney in response to damage and MCP-1 is upregulated in the diabetic kidney 

predominantly in response to tubular cell damage.18–20,39 Blocking the action of MCP-1 or 

chemokine receptor-2 (CCR2) in animal models of progressive renal injury resulted in 

reduction of the extent of tubulointerstitial inflammation and kidney fibrosis.40–44 Therefore, 

it is possible that the urinary EGF/MCP-1 ratio becomes such a significant determinant of 
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early renal decline because it represents either better measure of tubulointerstitial damage or 

interplay between availability of EGF as a protective factor in the face of elevated MCP-1.

A few comments must be made regarding factors identified previously but not confirmed in 

our study. First, the lack of association between HbA1c, BMI and circulating FGF23 and 

early renal decline in our multivariable logistic analysis can be the result of their weak 

effects. Perhaps, a much larger study would demonstrate their significant independent 

effects. Second, the strong effects of baseline eGFR and urinary KIM-1 in univariate 

analysis did not sustain in multivariable analysis due to likely common causal processes 

shared with other determinants, such as circulating serum TNFR1, KIM-1, and urinary ACR. 

Finally, lack of positive finding with urinary NGAL in our study most likely reflects the role 

of that marker in tubular damage in late but not early renal decline. 45

Independent determinants found in our study could be used to develop a prognostic test to 

identify patients at risk of early renal decline in T2D. Integration of these determinants into 

a multi-marker score resulted in significant improvement of the accuracy of prediction of 

early renal decline, compared with a model that included only clinical variables. However, 

this improvement is less impressive when considering its application in the care of patients 

with low risk of renal decline, as those with normoalbuminuria. First, the higher values of 

AUC of our prognostic test are due to improvement in classification of not only decliners but 

also non-decliners, with the latter being predominant in T2D population with normal renal 

function. Second, the sensitivity and positive predictive value (PPV) of any prognostic test 

are profoundly influenced by the prevalence of patients at risk of early renal decline.

For example, in our study our multi-marker prognostic test with sensitivity selected at 60% 

(desirable for patient care and for recruitment of patients for clinical trials) had PPV of only 

15% in patients with normoalbuminuria, in whom risk of early renal decline was low (6%). 

The same multi-marker test had PPV of 50%, if used in patients with microalbuminuria in 

whom risk of early renal function was higher (18%). Clearly, our multi-marker prognostic 

test does not have much value in identifying patients with early renal decline in T2D patients 

with normoalbuminuria, and its value in albuminurics is only moderate. Therefore, there is 

still a great need to find new informative markers to develop a better prognostic test to 

identify early renal decline in patients with T2D and normal renal function.

Finally, limitations of our study should be acknowledged. A potential concern in our study is 

the determination of early renal decline based on serum creatinine measurements. Compared 

with directly measured GFR, eGFR might underestimate “hyperfiltration” in T2D. This 

might reduce the steepness of eGFR slopes and underestimate the frequency of early 

progressive renal decline. However, it is unlikely that the major conclusions from our study 

were affected. With regard to the etiological model of early renal decline, our study cannot 

provide evidence about causality. It generates a hypothesis about the importance of tubular 

damage for early renal decline but this hypothesis needs to be further validated in a setting 

of animal study or clinical trial. Our study was conducted in T2D patients of mainly 

European ancestry. The findings are similar to our previous observations in similar patients 

with T1D, however, it is not certain whether our findings can be generalized to a broad 

population of T2D patients from different countries and different ethnic origins. Our multi-
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marker prognostic test represents a new approach to utilize the results of etiological study to 

develop a prognostic test. However, the test has limited prognostic value and, at this 

moment, with too few informative markers known, it cannot be recommended for clinical 

application.

Methods

Study group

Participants for the 2nd Joslin Kidney Study (JKS) were recruited from among patients 

attending the Adult Endocrinology Unit at Joslin Clinic between 2003 and 2009. Residents 

of New England with T2D diagnosed after age 30 years and age 35 – 64 at study enrollment 

were eligible for the study. We excluded patients, who were on dialysis, had renal transplant, 

or had a history of HIV or hepatitis C infection.

For 4500 eligible patients the archived clinical laboratory results were searched for 

measurements of albumin-to-creatinine ratio (ACR) in urine specimens performed during a 2 

year period preceding the clinic visits at which patients were considered for enrollment into 

the 2nd JKS. Patients with median value of ACR <14 and <24 μg albumin/1 mg of urinary 

creatinine accordingly in men and women were considered normoalbuminurics. Those with 

median ACR values above were considered albuminurics.

This 2nd JKS aimed to enroll eligible patients with albuminuria and a similar number of 

eligible patients taken randomly from the much larger pool of patients with 

normoalbuminuria. Between 2003 and 2009, 1476 patients were enrolled, 743 patients with 

albuminuria and 733 patients with normoalbuminuria. They were examined during routine 

visits to the Clinic as baseline examination and biannually afterwards with specimens of 

blood and urine taken for laboratory determinations and storage in −80 C. Patients with less 

frequent clinic visits or those who stopped coming to the clinic were examined at their 

homes.

All patients in the 2nd JKS were queried against rosters of the United States Renal Data 

System (USRDS) and the National Death Index (NDI) covering all events up to the end of 

2013. USRDS maintains a roster of U.S. patients receiving renal replacement therapy, which 

includes dates of dialysis and transplantation. The NDI is a comprehensive roster of deaths 

in the U.S., which includes date and cause of death.

For the current study only patients with normal baseline eGFR and at least 5 year follow-up 

were included, this yielded 430 and 602 patients accordingly with albuminuria and 

normoalbuminuria.

Laboratory Determinations

Assessment of abnormalities in urinary albumin excretion—In the Joslin Clinic 

albumin and creatinine concentrations in spot urines are measured at least once a year for all 

patients. The laboratory methods used to determine albumin and creatinine concentrations in 

urine were reported previously46.
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Definition of albuminuria—The 2-year median pre-baseline ACR was used for patient 

ascertainment; the definitions of normoalbuminuria, microalbuminuria and proteinuria were 

reported previously.46

Definition of baseline ACR—For the purpose of prediction and comparison with other 

determinants of renal decline, we used a single ACR measurement performed in urine 

specimen obtained at enrollment into the study, on the same occasion as the other markers 

were measured.

Assessment of renal function—In 2013–2015, serum specimens obtained at baseline 

and during follow-up in patients participating in the study were retrieved and used to 

measure creatinine concentrations. The measurements were performed in the Advanced 

Research and Diagnostic Laboratory at the University of Minnesota using the Roche 

enzymatic assay (Prod No. 11775685) on a Roche/Hitachi Mod P analyzer. This method was 

previously calibrated to be traceable to an isotope dilution mass spectrometry (IDMS) 

reference assay and was verified by measuring National Institutes of Standards and 

Technology Standard Reference Material (NIST SRM) No. 967. The CKD-EPI formula was 

used to estimate eGFR.47

Definition of early renal decline—In this study only patients with normal renal function 

at baseline (eGFR above 60 mL/min, median 98 mL/min, with 1st and 3rd quartile of 85–110 

mL/min) were included. Early renal decline was defined as eGFR loss ≥30% from baseline 

during the first 5 years of follow-up. Using a linear regression on the longitudinal subject-

specific values of eGFR, we estimated baseline eGFR (intercept) and eGFR slope (rate of 

renal function loss in mL/min/year) for each patient. Using these two indices we identified 

patients who lost at least 30% of baseline eGFR during 5 year follow-up. These patients 

were referred to as decliners. To exclude acute kidney injury as a cause of the early 

progressive renal decline, we manually reviewed eGFR trajectories in patients classified as 

decliners.

Laboratory procedures to measure plasma and urinary markers—A detailed 

description of procedures to measure plasma TNFR1, FGF23, urinary and plasma KIM-1, 

urine MCP-1 and EGF is provided in the supplemental material

Statistical analyses

To make the results of the current study easily comparable with our previous publications,
6,8,24 continuous variables are presented as medians and 1st and 3rd quartile values, and 

qualitative variables are presented as frequencies and percentages. Incidence rates of ESRD 

and deaths were calculated using SAS macro provided by the Mayo Clinic.48, 49 Differences 

among the two outcome groups were tested using χ2 test for categorical variables, and 

Wilcoxon Rank-Sum test for continuous variables. The effects of baseline clinical 

characteristics and examined markers on early renal decline were estimated using logistic 

regression model and were expressed in terms of odds ratios (OR) and their confidence 

intervals. Interactions between markers were tested by the addition of interaction terms into 
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the final multivariable logistic model. The multicollinearity was quantified using the 

variance inflation factor.

The detailed information about the development and assessment of the etiological and 

prognostic logistic models for the early renal decline are described in Supplemental 

Material. The strategy applied for deriving prognostic index was described previously.50–52 

We used a multivariable logistic regression model with natural log-transformed values of 

markers of early progressive renal decline as covariates. The regression coefficients used to 

build the score are shown in Supplementary Table 5.

Statistical analyses were performed using SAS version 9.4. Two-sided P < .05 was 

considered statistically significant.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Odds ratios for early renal decline from univariate and multivariable logistic analyses. For 

correlation matrix among the examined baseline variables see Supplementary Table 1. The 

multivariable model includes 10 variables, all listed in the Figure. The detailed results of 

logistic regression are shown in Supplementary Table 2.

Plot of odds ratios for each variable; open diamond indicates odds ratio in univariate, and 

closed diamond indicates odds ratio in multivariable logistic regression; 95% confidence 

intervals as shown as whiskers. Vertical line indicates the null effect. For easy clinical 

interpretability the odds ratios were calculated for 1% increase in HbA1c; 2 kg/m2 increase 

in BMI; 10 mmHg increase in systolic blood pressure; 20 ml/min increase in eGFR; and 1-

quartile increase for the remaining covariates. The 1st quartile, median and 3rd quartile of 

these markers are as follows: TNFR1 - 1127, 1250 and 1602 pg/ml; FGF23 - 43, 56, and 72 

pg/ml; ACR - 3, 9 and 36 ug/mg; KIM-1cr - 5, 27, 58 pg/mg; EGF/MCP-1 - 23, 41 and 79 

ng/pg.

Nowak et al. Page 15

Kidney Int. Author manuscript; available in PMC 2019 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
ROC curves for the multi-marker risk score of early renal decline in type 2 diabetes (T2D, 

training cohort, solid black line) and type 1 diabetes (T1D, validation cohort dotted grey 

line). The T1D cohort characteristics are provided in the Supplemental Material.
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Table 1

Characteristics of the study groups of T2D patients according to the ascertainment criteria

Characteristics:
Normo-albuminuria

n=602
Albuminuria

n=430

 2-year pre-baseline

ACR (μg/mg) 7.0 (4.6; 11) 53 (26; 155)

 Race/ethnicity

Caucasian (%) 80% 79%

African-American (%) 13% 11%

Asian (%) 3% 3%

Latino (%) 3% 5%

Native American (%) 0% 1%

Other (%) 1% 2%

 At Baseline

ACR (μg/mg) 4 (2.0; 7.0) 44 (20; 141)

Gender (Male %) 48 73

Age (ys) 57 (51; 62) 56 (50; 61)

Duration of DM (ys) 11 (7; 15) 10 (5; 15)

Insulin Rx (%) 58 51

eGFR (ml/min) 95 (84; 105) 97 (83; 105)

ACE&ARB (%) 57.4% 79.0%

 During Follow-up

Duration of follow-up (ys) 7.2 (6.1; 9.7) 7.6 (6.1; 10.6)

# of serum creatinine 11 13

eGFR slope (ml/min/y) −1.2 (−2.4; −0.3) −2.2 (−4.1; −0.9)

Loss eGFR ≥30% of baseline (n/%) within 5 ys of follow-up 38 (6%) 76 (18%)

Incidence of ESRD per 1000 p-ys 0.53 (3/5617) 5.32 (23/4327)

Mortality per 1000 p-ys due to deaths unrelated to ESRD 0.81 (5/5615) 1.37 (6/4391)

Quantitative data are presented as median and 1st and 3rd quartile.

Serum creatinine-based eGFR estimated using CKD-EPI formula

Serum creatinine-based eGFR slope estimated with ordinary least squares linear regression.
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Table 2

Comparison of clinical characteristics, circulating and urinary markers at baseline between Decliners and Non-

decliners with T2D

Variables Decliners (n=114) Non-decliners (n=918) p-value AUC

 A. Clinical characteristics

Pre-baseline ACR 62 (13.4; 654) 12 (5.9; 32) <0.001 0.71

Gender (Male %) 67% 58% 0.12 0.54

Age (ys) 57 (51; 63) 57 (50; 61) 0.051 0.56

Duration of DM (ys) 10 (7; 17) 10 (6; 15) 0.27 0.52

Insulin Rx (%) 50% 56% 0.33 0.53

HbA1c (%) 8.0 (6.8; 9.2) 7.6 (6.9; 8.5) 0.005 0.55

BMI (kg/m2) 32.4 (28.2; 38.3) 31.1 (26.7; 35.8) 0.04 0.54

SysBP (mmHg) 140 (129; 155) 130 (120; 142) <0.001 0.64

DiaBP (mmHg) 80 (72; 87) 77 (70; 83) 0.02 0.56

eGFR (ml/min) 89 (77; 99) 97 (85; 106) <0.001 0.62

ACE&ARB (%) 74% 66% 0.06 0.54

 B. Circulating markers at baseline

TNFR-1 pg/ml 1720 (1327; 2210) 1218 (1030; 1530) <0.001 0.73

KIM-1 pg/ml 18.8 (9.8; 42.3) 9.5 (4.9; 15.0) <0.001 0.72

FGF-23 pg/ml 66 (46; 85) 55 (43; 70) 0.002 0.58

 C. Urinary markers at baseline

ACR ug/mg cr 54 (11.7; 719) 7.2 (2.9; 25) <0.001 0.75

KIM-1 pg/mg cr 59 (12; 184) 16 (3.8; 54) <0.001 0.68

NGAL ng/mg cr 10.0 (4.2; 21.0) 7.7 (4.0; 14.5) 0.04 0.54

MCP-1 pg/mg cr 542 (338; 843) 306 (162; 501) <0.001 0.70

EGF ng/mg cr 10.5 (8.1; 15.0) 13.1 (8.7; 18.6) 0.003 0.58

EGF ng/MCP-1 pg ratio 19.7 (11.8; 32.4) 43.3 (25.8; 85.2) <0.001 0.75

Quantitative data are presented as median, 1st and 3rd quartiles.

The p values are from Wilcoxon test or Pearson χ2 test.

AUC – area under the ROC curve in univariate logistic regression.
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Table 4

Multi-marker score positive predictive value in total T2D cohort, patients with normoalbuminuria, and 

albuminuria. Positive predictive value of ACR in albuminuria patients provided for comparison. Cut-off values 

were selected to be able to identify 60% (sensitivity) of the decliners in the study group.

Cut off Sensitivity (%) Positive predictive value (%)

Multi-marker score in total cohort in points 16 60 30

Multi-marker score in normo-albuminuria in points 8.0 60 16

Multi-marker score in Albuminuria in points 40 60 50

ACR (μg/mg) in albuminuria 89 60 32
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