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While there have been signiﬁcant inroads in the prevention and
treatment of diabetic nephropathy over the last 20 years, it only
takes one afternoon in a busy nephrology clinic to recognize
that diabetic nephropathy remains the major clinical challenge
in nephrology today. The 2011 US Renal Data System reported
that the number of patients with ESRD resulting from diabetic
nephropathy continues to rise and that diabetic kidney disease
accounted for 44.5% of all incident ESRD patients in the United
States in 2009.1 Based on National Health and Nutrition Survey data gathered between 1999 and 2006, it appears that approximately 40% of prevalent patients with either type 1 or
type 2 diabetes had CKD,2 and approximately 31% of CKD
patients (stages 1–5) had diabetes in the 2007–2008 NHANES
data (R. Saran, et al., unpublished analysis). Thus, diabetes
continues to be the dominant cause of CKD in the United States,
with no clear evidence of abatement.
Arguably, one of the major reasons for the unmitigated growth
in ESRD from diabetic nephropathy is the difﬁculty in accurately
identifying diabetic patients at high risk of developing progressive
nephropathy that will likely lead to ESRD. At present, no prognostic biomarkers have been identiﬁed that can reliably identify
such a population of diabetic patients. Another reason for the
lack of better progress in preventing or treating diabetic kidney
disease is there has been no substantial advance in treatments
since angiotensin converting enzyme inhibitors were shown to
delay progression of nephropathy almost 20 years ago.3 The
absence of good surrogate endpoints for progressive disease requires that new therapies be shown to signiﬁcantly improve the
so-called three Ds of doubling of serum creatinine, dialysis, and
death, before the Food and Drug Administration will consider
them for approval. These end points of very late disease plus the
inability to identify patients at high risk of progression ensure
that funded trials enroll patients who are quite late in the course
of the disease, so that patients are more likely to reach one of the
end points in a reasonable period of time. Thus, patients with
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earlier disease, that is potentially more amenable to intervention,
are rarely included in major randomized controlled trials.
The onset and level of albuminuria has been considered as
both a prognostic biomarker and a surrogate end point of progressive diabetic nephropathy. However, this marker fails on
both accounts.4 It lacks speciﬁcity as a prognostic biomarker
for progressive diabetic nephropathy, at least when urinary
albumin excretion is ,300 mg/24 h (microalbuminuria). Its
sensitivity as a prognostic biomarker is also limited because
diabetic nephropathy can frequently progress without an increase in albuminuria and even in the presence of normalbuminuria.5,6 Given these issues and others, it also does not
serve well as a surrogate end point for progression of diabetic
kidney disease.7,8 Although creatinine and other indicators of
GFR such as cystatin C are prognostic biomarkers of a sort,
their insensitivity and unreliability as early indicators of progressive diabetic kidney disease, and CKD in general, have been
bemoaned for decades. Unfortunately, despite great interest and
effort, no sensitive and speciﬁc prognostic biomarkers or surrogate end points for progressive diabetic nephropathy have been
validated.
In this issue of JASN, there are two articles from the Joslin
Diabetes Center indicating that serum levels of members of the
TNFa signaling pathway appear to serve as excellent biomarkers
of progressive kidney disease in patients with either type 19 or
type 210 diabetes. In both studies, TNF receptor (TNFR) levels
were robust predictors of progressively declining GFR, and type 1
diabetic patients with TNFR2 levels in the highest quartile had a
60% cumulative incidence of reaching stage 3 CKD compared
with less than a 20% incidence for patients with TNFR2 levels in
the lower three quartiles.9 In type 2 diabetic patients with extant
proteinuria and with TNFR1 levels in the highest quartile, the
risk of progressing to ESRD was nearly 80% in 12 years, but
less than 20% in those with TNFR1 levels in the lowest three
quartiles.10 Similar results were seen in each study with both
TNFR isoforms, but the TNFR1 levels were a bit more predictive in type 2 diabetic patients and TNFR2 levels in type 1
patients. Both free and total TNFa levels also tended to predict progressive nephropathy but less strongly than the receptor levels.
These data appear to corroborate the role of inﬂammation in
general, and TNFa signaling in particular, in the progression
of diabetic nephropathy, as has been underlined by a number
of earlier studies.11–13 However, whether higher serum TNFR
levels reﬂect renal or systemic receptor activation remains to
be determined, and the precise role, if any, that TNFa signaling plays in the progression of nephropathy will require additional investigation.
These results, of course, are not the ﬁrst to identify TNFa
signaling in the pathogenesis of diabetic nephropathy or CKD
in general. Indeed, studies published .20 years ago ﬁrst implicated this pathway in experimental diabetic kidney disease,12 and more recently, a number of reports demonstrate
correlations between either TNFa or TNFR levels and worsening diabetic nephropathy.9 TNFa signaling can induce
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cellular damage, trigger apoptosis, and augment inﬂammatory
responses, as well as activate a number of other processes that
may play a role in the progression of nephropathy. Which of
these processes, if any, was reﬂected by the higher circulating
TNFR levels found in patients with the quite diverse degree of
CKD (none through stage 4) at entry into the study is uncertain. Indeed, given the diversity of the subjects in both studies,
it is quite remarkable that a single serum level had such a high
predictive value for ultimate renal outcome.
The implication of these ﬁndings is that TNFR levels are
quite stable in any individual throughout the course of both
types of diabetes and therefore could serve as robust prognostic biomarkers for progression to ESRD. In addition, the
presence of high or low-normal TNFR levels were independent
of and additive to albuminuria in predicting outcomes, at least
in type 2 diabetic patients. If these results are corroborated in
other larger and longitudinal analyses of different diabetic
populations (i.e., those patients living outside of Massachusetts
and treated in different centers), the presence of a high TNFR
level in these patients could serve as a signal to nephrologists
and primary practitioners to aggressively target therapies that
retard progression.
It should be emphasized that observational studies, however
well conducted, only provide the basis for associations and not
causality. Adjustment for confounders with relatively small
sample sizes can at best attenuate but not eliminate the possibility
of residual confounding. Hill’s criteria14 conﬁrming a causal
pathway remain fulﬁlled only in part for TNFa signaling in diabetic nephropathy. Biologic plausibility, consistency of associations in different studies, and a suggestion of a dose response
appear to be satisﬁed; however, the criteria of speciﬁcity and
temporal relationship are still not fully met.
Moreover, because progression of diabetic nephropathy is
multifactorial, a single biomarker, while signiﬁcant and exciting
in its potential, at best reﬂects the synergistic effect of a variety of
insults or biologic pathways. Although the authors deserve credit
for their choice of biomarkers and careful conduct of long-term
follow-up of cohorts among both type 1 and type 2 diabetic
subjects, it is yet uncertain whether these biomarkers will be
efﬁcacious in clinical practice. Nevertheless, the two articles in
this issue should serve to stimulate more vigorous research to
identify causal mechanisms and therapeutic agents likely to
abrogate TNFa signaling pathways that potentially lead to progressive nephropathy.
Pentoxyfylline, which reduces TNFa levels and has antiproliferative and anti-inﬂammatory effects, shows early promise in
this regard. Its efﬁcacy is currently being investigated in a singlecenter randomized controlled trial.15 Moreover, identiﬁcation
of links between TNFa signaling pathways and the renin–
angiotensin aldosterone system, glycemic control, sodium intake,
and BP regulation could also exist and should be investigated to
enhance the efﬁcacy of existing therapies. Finally, high-risk
diabetic patients with elevated TNFR levels both with and
without persistent albuminuria would be candidates for focused randomized controlled trials that assess precisely tailored
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new approaches to forestall progression of this devastating
complication.
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See related articles, “Circulating TNF Receptors 1 and 2 Predict ESRD in Type
2 Diabetes” and “Circulating TNF Receptors 1 and 2 Predict Stage 3 CKD in
Type 1 Diabetes,” on pages 507–515 and 516–524, respectively.
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