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BACKGROUND: Cardiac and renal diseases commonly oc-
cur with bidirectional interactions. We hypothesized that
cardiac and inflammatory biomarkers may assist in
identification of patients with type 2 diabetes mellitus
(T2DM) at high risk of worsening renal function.

METHODS: In this exploratory analysis from SAVOR-
TIMI 53, concentrations of high-sensitivity cardiac tro-
ponin T (hs-TnT), N-terminal pro–B-type natriuretic
peptide (NT-proBNP), and high-sensitivity C-reactive
protein (hs-CRP) were measured in baseline serum
samples of 12310 patients. The primary end point for
this analysis was a �40% decrease in estimated glomer-
ular filtration rate (eGFR) at end of treatment (EOT) at
a median of 2.1 years. The relationships between bio-
markers and the end point were modeled using adjusted
logistic and Cox regression.

RESULTS: After multivariable adjustment including base-
line renal function, each biomarker was independently
associated with an increased risk of �40% decrease in
eGFR at EOT [Quartile (Q) Q4 vs Q1: hs-TnT adjusted
odds ratio (OR), 5.63 (3.49–9.10); NT-proBNP ad-
justed OR, 3.53 (2.29–5.45); hs-CRP adjusted OR,
1.84 (95% CI, 1.27–2.68); all P values �0.001]. Fur-
thermore, each biomarker was independently associ-
ated with higher risk of worsening of urinary albumin-
to-creatinine ratio (UACR) category (all P values
�0.002). Sensitivity analyses in patients without heart
failure and eGFR �60 mL/min provided similar re-
sults. In an adjusted multimarker model, hs-TnT and

NT-proBNP remained significantly associated with
both renal outcomes (all P values �0.01).

CONCLUSIONS: hs-TnT, NT-proBNP, and hs-CRP were
each associated with worsening of renal function [reduc-
tion in eGFR (�40%) and deterioration in UACR class]
in high-risk patients with T2DM. Patients with high
cardiac or inflammatory biomarkers should be treated
not only for their risk of cardiovascular outcomes but also
followed for renal deterioration.
© 2019 American Association for Clinical Chemistry

Although cardiovascular mortality is the principal cause
of death in patients with type 2 diabetes mellitus
(T2DM)7, microvascular events are long-term complica-
tions of T2DM, with diabetic nephropathy representing
the leading cause for end-stage renal disease requiring
renal replacement therapy (1 ). Worsening renal function
has a great impact on patients’ morbidity and is often
associated with severe impairment in health and an in-
creased risk of death; it also requires dose adjustment in
the selection of concomitant medication and influences
the selection of antihyperglycemic medication, thus chal-
lenging optimal treatment of this high-risk population.

Diabetic renal disease is a heterogeneous disease, and
multiple pathobiological mechanisms are involved, in-
cluding advanced glycation end products, hypertension,
inflammation, and oxidative stress (2, 3 ). Cardiovascular
disease and diabetic nephropathy share several risk factors
and are closely intertwined with 1 disease increasing the
risk of the other. This relationship may be explained by
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ogy, Hôpital Bichat, AP-HP, Paris, France; 4 FACT, DHU FIRE, Inserm U-1148, LVTS, Uni-
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the numerous bidirectional interactions between heart
and kidney disease (3–7 ), as acute or chronic dysfunction
of the heart or kidneys can exacerbate the other organ’s
function (5 ). Increased concentrations of cardiac bio-
markers are well-recognized markers of increased cardio-
vascular risk in a broad population of patients with
T2DM (8, 9 ). Evidence on the role of cardiovascular
biomarkers on renal outcomes in patients with T2DM is
scarce and comes primarily from a nested case–cohort
study [n � 3385, with 439 incident cases (283 nephrop-
athy, 183 retinopathy)] from the Action in Diabetes and
Vascular Disease: Preterax and Diamicron Modified Re-
lease Controlled Evaluation (ADVANCE) trial (10 ).
This study found N-terminal pro–B-type natriuretic
peptide (NT-proBNP) and high-sensitivity cardiac tro-
ponin T (hs-TnT; Gen 5 assay in the US) to be signifi-
cantly associated with microvascular events such as dia-
betic retinopathy and nephropathy.

The present cohort study was designed to determine
whether traditional cardiac and inflammatory biomark-
ers such as hs-TnT, NT-proBNP, and high-sensitivity
C-reactive protein (hs-CRP) may also aid in the identifi-
cation of patients with T2DM at high risk for renal dys-
function as reflected in the estimated glomerular filtra-
tion rates (eGFRs) and urinary albumin-to-creatinine
ratio (UACR).

Materials and Methods

STUDY POPULATION

This study was an exploratory analysis of a nested bio-
marker cohort in SAVOR-TIMI 53. The design and
results of SAVOR-TIMI 53 have been published previ-
ously (11, 12 ). Briefly, SAVOR-TIMI 53 was a double-
blind, placebo-controlled, randomized trial that exam-
ined the cardiovascular efficacy and safety of saxagliptin
in 16492 patients with T2DM. Eligible patients were
�40 years, had a documented HbA1c �6.5% in the pre-
vious 6 months, and were at high risk for a cardiovascular
event with either established cardiovascular disease or
multiple risk factors. Patients were ineligible if they were
currently receiving or had received incretin-based ther-
apy within the previous 6 months, if they had end-stage
renal disease and were undergoing long-term dialysis, had
undergone a renal transplantation, or had a serum creat-
inine �6.0 mg/dL. Written informed consent was pro-
vided by all participants, and the study protocol was ap-
proved by all relevant institutional review boards. During
a median follow-up period of 2.1 years, saxagliptin did
not alter the risk of the composite of myocardial infarc-
tion, stroke, and cardiovascular death (12 ), although
there was a 27% increased relative risk of hospitalization
for heart failure in patients assigned to receive saxagliptin
(13 ). In addition, saxagliptin improved the UACR com-
pared with placebo (14 ).

OBJECTIVES AND END POINTS

The primary outcome was a �40% decline in the eGFR
at end of treatment (EOT) compared with baseline,
which represents a commonly used end point in recent
T2DM trials (15, 16 ). Additional outcomes include wors-
ening in UACR class (normoalbuminuria, �30 mg/g; mi-
croalbuminuria, �30 mg/g to �300 mg/g; macroalbumin-
uria, �300 mg/g) at EOT and time to the composite end
point of dialysis, renal transplantation, or a serum creatinine
�6.0 mg/dL.

LABORATORY ASSESSMENT

Renal function was assessed per protocol by blood and urine
samples sent to the central laboratory (QuintilesIMS) and
analyzed at the combined screening–randomization visit
and at EOT. The eGFR was estimated according to the
Modification of Diet in Renal Disease formula, as specified
in the trial protocol. Microalbuminuria was defined as
a concentration of 30 to 300 mg of albumin per gram
of creatinine, and macroalbuminuria was defined as a
concentration of �300 mg of albumin per gram of
creatinine.

Blood samples were taken through venous blood
collection and after allowing the sample to clot (approx-
imately 20–30 min), centrifuged to obtain clear serum
(e.g., 2000g for 15 min). The samples were then frozen in
aliquots at �20 °C to �80 °C within 60 min at the
enrolling site until shipped frozen to the Biomarker Re-
search/TIMI Clinical Trials Laboratory in Boston, Mas-
sachusetts, where they were maintained at �80 °C or
colder. hs-TnT, NT-proBNP, and hs-CRP concentra-
tions were measured in samples collected at randomiza-
tion. hs-TnT was measured with a high-sensitivity elec-
trochemiluminescent immunoassay assay on the Roche
cobas® 6000 analyzer (Roche Diagnostics). At the time
of testing, this assay was approved in the European
Union but still investigational in the US. The limit of
blank and the limit of detection of the assay were 3 ng/L
and 5 ng/L, respectively. The observed CVs at 26.9 ng/L
and 2231 ng/L were 2.1% and 1.3%, respectively. Con-
centrations �15 ng/L for men and �10 ng/L for women
were used as the diagnostic cutpoints representing the
99th percentile in healthy individuals; the CVs at these
cutpoints are �10% (17 ). Serum NT-proBNP concen-
trations were measured at the first thaw using a sandwich
immunoassay on a cobas e601 analyzer (proBNP II,
Roche Diagnostics). The analytical range extends from 5
to 35000 ng/L. The observed CVs at 136 ng/L and 4513
ng/L were 2.8% and 2.8%, respectively. The cutpoints
for increased concentrations were set a priori as �450
ng/L for those �50 years of age, �900 ng/L for those 50
to 75 years of age, and �1800 ng/L for those �75 years
of age (18 ). Concentrations of hs-CRP were measured
with an enhanced immunoturbidimetric assay on the co-
bas c501 analyzer (hs-CRP, Roche Diagnostics). The ob-
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served CVs at 3.8 mg/L and 10.4 mg/L were 3.0% and
2.3%, respectively. The cutpoint for an increased con-
centration was defined as �3 mg/L based on guidelines
for cardiovascular risk stratification (19 ).

STATISTICAL ANALYSIS

Baseline characteristics were summarized using means
(and SD) or medians (and quartiles) as appropriate. All
biomarker concentrations were analyzed using quartiles
(Q1–Q4). Sensitivity analyses were performed using a
patient cohort without history of heart failure and eGFR
�60 mL/min/1.73 m2 at baseline. History of heart fail-
ure was assessed based on a tick box in the case report
form at baseline. Spearman correlations were assessed be-
tween all biomarkers, baseline eGFR, UACR, body mass
index, fasting plasma glucose, and HbA1c. Cumulative
event rates were calculated at EOT by the complement of
Kaplan–Meier survival estimates. The associations be-
tween baseline biomarker concentrations and subsequent
outcomes were examined using multivariable logistic and
Cox regression models. Multivariable models were ad-
justed for age (continuous), sex, smoking, race, duration
of T2DM (�5, 5–9, 10–14, 15–19, �20 years), HbA1c,
baseline eGFR (�30, 30–60, 60–90, �90 mL/min/
1.73 m2, and as a continuous variable in sensitivity anal-
yses), baseline UACR (as a continuous variable), systolic
blood pressure (continuous), previous myocardial infarc-
tion, history of heart failure, hypertension, dyslipidemia,
presence of cardiovascular disease, and treatment arms
(saxagliptin vs placebo). Biomarkers were analyzed as
continuous variables, categorized by quartiles, and based
on the prespecified cutpoints (9 ) mentioned above.

The prognostic improvements in discrimination
and reclassification of each biomarker were assessed by
the c-statistic, the integrated discrimination improve-
ment (IDI), and the net reclassification improvement
(NRI) at the event rate for each biomarker (20 ). Calibra-
tion was ensured by visually inspecting calibration plots
and the Hosmer–Lemeshow test. The IDI represents the
difference in the average predicted probabilities between
cases and controls in 1 clinical model compared with that
in another, whereas the NRI at the event rate measures
the probability that patients will be appropriately reclas-
sified to increased or decreased risk from the threshold
when adding biomarkers to the model (20 ).

All statistical analyses were performed using SAS
(version 9.4, SAS Institute) or R (version 3.4.1, R Core
Team) and the R package “PredictABEL” (version
1.2–2) (21 ). P values (2-tailed) �0.05 were considered
to indicate statistical significance. No adjustment for
multiple testing was performed. The authors had full
access to and take full responsibility for the integrity of
the data. All statistical analyses were performed by the
TIMI Study Group.

Results

STUDY POPULATION

The baseline characteristics of the biomarker cohort are
shown in Table 1 of the Data Supplement that accom-
panies the online version of this article at http://www.
clinchem.org/content/vol65/issue6. Of the 12310 pa-
tients included in this analysis, 8200 (66.6%) were male.
The mean age was 65.1 (8.5) years. A total of 7738
(62.9%) patients had no history of heart failure and an
eGFR �60 mL/min/1.73 m2 at baseline.

Overall, 293 (2.4%) patients experienced a deterio-
ration of �40% in eGFR, and 1346 (10.9%) patients
worsened in the UACR category. The composite end
point of renal dialysis, renal transplantation, or serum
creatinine �6.0 mg/dL occurred in 79 (0.6%) patients.
Among patients with no history of heart failure and
eGFR �60 mL/min/1.73 m2, 159 (2.46%) patients ex-
perienced deterioration of �40% in eGFR, 799 (13.1%)
patients worsened in the UACR category, and the com-
posite renal end point occurred in 13 (0.17%) patients.

BASELINE BIOMARKER SERUM LEVELS

At baseline, the medians and interquartile ranges (IQRs)
were for hs-TnT, 12.0 ng/L (IQR, 8.1–18.4 ng/L); NT-
proBNP, 140.8 ng/L (IQR, 64.1–332.1 ng/L); and hs-
CRP, 2.4 mg/dL (IQR, 1.1–5.0 mg/dL). Patients with
higher biomarker serum concentrations were more likely
to have lower eGFR and higher UACR categories at base-
line. In addition, patients with hs-CRP serum concentra-
tions in the top quartile (Q4) had higher weight and
HbA1c concentrations (see Tables 2–4 in the online Data
Supplement).

NT-proBNP and hs-TnT were moderately posi-
tively correlated with each other (r � 0.50; P � 0.001)
and showed an inverse relationship with eGFR (r �
�0.37 and r � �0.38 for NT-proBNP and hs-TnT,
respectively; both P values �0.001). In addition, NT-
proBNP and hs-TnT were mildly positively correlated
with UACR (see Table 5 in the online Data Supple-
ment). hs-CRP was weakly correlated with HbA1c (r �
0.15; P � 0.001) but showed no relevant correlations
otherwise.

BIOMARKER SERUM LEVELS AT BASELINE AND RENAL

OUTCOMES

All biomarker serum levels in the top quartile (Q4) were
associated with higher rates of �40% decrease in eGFR
at EOT (Q4 vs Q1: hs-TnT, 6.1% vs 1.2%; NT-
proBNP, 6.4% vs 1.5%; hs-CRP, 4.3% vs 2.0%; all P
values for trend �0.001) (Fig. 1). After multivariable
adjustment, serum concentrations of all biomarkers in
Q4 were associated with a significantly higher risk of
deterioration in eGFR [Q4 vs Q1: hs-TnT adjusted odds
ratio (OR), 5.63 (3.49–9.10); NT-proBNP adjusted
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OR, 3.53 (2.29–5.45); hs-CRP adjusted OR, 1.84 (95%
CI, 1.27–2.68)] (Fig. 2). Similar results were obtained in
sensitivity analyses when tested in patients with no his-
tory of heart failure and an eGFR �60 mL/min/1.73 m2

(Fig. 2).
Similarly, there was a gradient relationship of all

biomarkers for the composite end point of renal dialysis,
renal transplantation, or serum creatinine �6.0 mg/dL
(Q4 vs Q1: hs-TnT, 2.0% vs 0.1%; NT-proBNP, 1.9%
vs 0.1%; hs-CRP, 1.2% vs 0.4%; all P values for trend
�0.001) (Fig. 1). The low number of events (n � 79) led
to wide CIs for the adjusted hazard ratios (HRs), but a
significant association was seen for hs-TnT [adjusted
HR, 4.40 (1.24–15.55)] and NT-proBNP [adjusted
HR, 7.59 (1.72–33.54)] (Fig. 2).

Furthermore, rates of worsening in UACR class at
EOT increased in a stepwise manner with increasing bio-
marker quartiles (Q4 vs Q1: hs-TnT, 20.1% vs 10.5%;
NT-proBNP, 17.7% vs 11.7%; hs-CRP, 16.4% vs
13.0%; all P values for trend �0.001), and serum levels
in the top quartile remained significantly associated after
multivariable adjustment [Q4 vs Q1: hs-TnT adjusted
OR, 2.72 (2.22–3.33); NT-proBNP adjusted OR, 1.88
(1.55–2.29); hs-CRP adjusted OR, 1.31 (95% CI, 1.10–
1.56)] (Figs. 1 and 2).

The adjusted ORs and HRs including the 95% CI
for each quartile of biomarker and all outcomes are pre-
sented for both the total cohort and in patients with no
history of heart failure and eGFR �60 mL/min/1.73 m2

in Tables 6 and 7 of the online Data Supplement. Fur-
thermore, we did not observe any statistically significant
effect modification by treatment arm for biomarker con-
centrations and renal outcomes. The results are presented
in Figs. 1 through 3 of the online Data Supplement.

DISCRIMINATORY PERFORMANCE, RECLASSIFICATION

ANALYSES, AND MULTIMARKER RISK STRATIFICATION

The diagnostic performance was evaluated by ROC
curve analysis indicating moderate to good performance
for hs-TnT and NT-proBNP for �40% worsening of
eGFR at EOT [area under the curve (AUC): hs-TnT,
0.69 (0.66–0.72); NT-proBNP, 0.68 (0.65–0.71); hs-
CRP, 0.58 (0.54–0.61)], and a strong performance for
the composite of dialysis, renal transplantation, or serum
creatinine �6.0 mg/dL [AUC: hs-TnT, 0.83 (0.77–
0.90); NT-proBNP, 0.82 (0.76–0.88); hs-CRP, 0.62
(0.55–0.68)] but poor discrimination for hs-CRP for
these clinical outcomes (Table 1).

In a robustly adjusted multimarker model (in-
cluding all 3 biomarkers in the model), hs-TnT [ad-

Fig. 1. Kaplan–Meier event rates at EOT by quartiles of hs-CRP, NT-proBNP, and hs-TnT for worsening of UACR, decline in eGFR of
≥40%, and the composite of dialysis, renal transplantation, or increase of serum creatinine >6.0 mg/dL.
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justed OR per 1-standard deviation (SD) increase in
log-transformed biomarker, 1.62 (1.42–1.86)] and
NT-proBNP [adjusted OR per 1-SD increase in log-
transformed biomarker, 1.50 (1.28 –1.76)] were inde-
pendently associated with �40% worsening of eGFR,
and all 3 biomarkers were significantly associated with
worsening of UACR class (all P � 0.01) (Fig. 3). In
addition, there was an increased risk with increasing
numbers of increased biomarker using prespecified
cutoff values (Fig. 4).

The addition of the 3 biomarkers to the clinical co-
variates used for adjustment resulted in a significant im-
provement of the AUC for the discrimination of �40%
worsening of eGFR (� � 0.04; P � 0.001) and worsen-
ing in UACR class (� � 0.04; P � 0.001). Consistent
c-statistics were found in a sensitivity analysis examining
only patients with no history of heart failure and an
eGFR �60 mL/min/1.73 m2 (see Table 8 in the online
Data Supplement). The univariable c-statistics for the
clinical covariates that are known to be traditional risk
markers are shown in Table 9 of the online Data
Supplement.

In addition, reclassification analyses indicated an
improvement in risk discrimination for a �40% decline
of eGFR [event rate NRI, 0.0712 (0.0213–0.1211); IDI,
0.0078 (0.0033–0.0124)] and worsening of UACR
[event rate NRI, 0.0537 (0.0269–0.0806); IDI, 0.0118
(0.0092–0.0143)] when hs-TnT was added to the same
clinical model (see Table 9 in the online Data Supple-
ment). Also, the NRI at the event rate and the IDI
showed a significant incremental discrimination of risk
for �40% decline in eGFR at EOT when NT-proBNP
was added to the same model [NRI, 0.0492 (0.0004–

0.098); IDI, 0.0053 (0.0012–0.0093)] (see Table 10 in
the online Data Supplement).

Discussion

The major finding of the present analysis was that higher
serum concentrations of hs-TnT, NT-proBNP, and hs-
CRP at baseline were each significantly associated with
worse renal function at baseline and further deterioration
in patients with T2DM and a history of or at high risk for
cardiovascular disease. Biomarkers of myocardial necro-
sis (hs-TnT) and hemodynamic stress (NT-proBNP)
performed considerably better than hs-CRP, suggesting
that evidence of myocardial injury and hemodynamic
stress provides greater insight into identifying patients at
risk for renal deterioration than inflammatory processes
as assessed by hs-CRP. All 3 biomarkers were more
strongly associated with more severe determinants of re-
nal function (such as a decline in eGFR, or the composite
of renal replacement therapy, or an increase of serum
creatinine �6.0 mg/dL) than with simple worsening of
UACR. In addition, events making up the composite of
renal replacement therapy occurred almost exclusively in
patients with biomarker concentrations in the top quar-
tile. This relationship persisted after adjusting for the
principal confounding variables or when tested in pa-
tients with no history of heart failure and an eGFR �60
mL/min/1.73 m2 min, indicating that these biomarkers
provide incremental prognostic information.

With the recent advances in medical treatment of pa-
tients with T2DM, such as glucagon-like peptide-1 receptor
agonists (22, 23) or sodium-glucose cotransporter-2 inhib-
itors (15, 24), substantial success has been achieved in pre-

Fig. 2. Adjusted odds/hazard ratios (ORadj/HRadj) for biomarker serum concentrations in the top vs lowest quartile for decrease in
eGFR of ≥40%, the composite of dialysis, renal transplantation, or increase of serum creatinine >6.0 mg/dL, and worsening of UACR
for the total patient cohort (left) and in patients without heart failure (HF) and eGFR >60 mL/min/1.73 m2 (right).
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venting major adverse cardiovascular events and prolonging
life. At the same time, patients are exposed to longer dura-
tions of hyperglycemia leading to long-term microvascular
complications in the heart and kidneys (1, 6). Ronco and
colleagues suggested that this interaction is bidirectional (5).
The pathophysiological pathways are multifactorial, com-
plex, and include hemodynamic impairment, neurohor-
monal activation, endothelial dysfunction, and systemic in-
flammation (3, 6).

Few clinical and laboratory markers for prognostica-
tion of microvascular events of renal dysfunction have
been found to be clinically useful (25, 26 ) beyond mea-
surements of serum creatinine or urinary albumin (27 ).
In contrast, cardiac and inflammatory biomarkers are
well-recognized tools for improved risk stratification of
cardiovascular events in patients with T2DM (8, 9 ).
These results expand the utility in measuring traditional
cardiac biomarkers in patients with T2DM, as they will
improve both macrovascular and microvascular risk stratifi-
cation. Prospective studies are needed to determine whether
utilizing biomarkers to guide specific therapeutic decisions
could improve renal outcomes. However, the reports of re-
nal protection by reducing the progression of albuminuria
with glucagon-like peptide-1 receptor agonists such as lira-
glutide (28) and semaglutide (22), as well as “hard” renal
outcomes such as the composite of �40% reduction in
eGFR, renal replacement therapy, or renal death with
sodium-glucose cotransporter-2 inhibitors such as empagli-
flozin (29) and canagliflozin (15), provide the opportunity
to identify whether specific treatment interactions between
biomarkers and therapy exist (16).

Previous data on cardiovascular biomarkers and
renal outcomes are scarce and limited to case– control/
cohort studies. Our results in �12000 patients cor-
roborate the findings from a case–cohort study from
the ADVANCE trial (n � 3385) studying NT-proBNP
and hs-TnT (10 ). In that important study, Welsh and
colleagues found a significant association between car-
diac biomarkers and diabetic retinopathy and nephropa-
thy. The precise effect sizes are difficult to compare di-
rectly with our results owing to slightly different end
points, the case–cohort design, the substantially higher
cardiovascular risk in the present larger SAVOR-TIMI
53 biomarker cohort, and after utilization of contempo-
rary statistical methods such as NRI at the event rate and
IDI.

A small case–control study of 33 pairs of patients in
the hypertensive cohort of the Prevention of Renal and
Vascular End-stage Disease (PREVEND) trial suggested
that hs-TnT was independently associated with incident
microalbuminuria (30 ) but was underpowered for more
“hard” renal end points. Microalbuminuria is an early
clinical manifestation of diabetic nephropathy and often
considered to be a sign of glomerular injury. However,
the so-called “Steno hypothesis” proposed that albumin-
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uria may also be a sign of vascular damage leading to an
increased albumin permeable leakage (31, 32 ), thus sup-
porting the relationship between cardiovascular bio-
markers and renal disease. Indeed, microalbuminuria has
been shown to be associated with increased permeability
to macromolecules of the peripheral vascular bed (33 ).

Although this study benefits from a large and well-
characterized study cohort, several limitations should be
addressed. First, biomarkers, particularly troponin and

natriuretic peptides, increase with declining renal func-
tion. However, we observed similar findings in sensitivity
analyses of patients without a history of heart failure and
an eGFR �60 mL/min/1.73 m2. Second, for reasons of
feasibility and practicability, the UACR has been mea-
sured using a single voided urine sample instead of re-
peated measurements or, ideally, 24-h urine collections;
therefore, the obtained results may reflect intraindividual
daily variation that could not be taken into account. Fur-

Fig. 3. Adjusted multimarker model.
OR and HR are reported per 1-U increase in standardized and log-transformed biomarker. ORadj/HRadj, adjusted OR/HR.

Fig. 4. Adjusted multimarker score.
Increasing numbers of increased biomarkers using prespecified cutoffs (hs-TnT: male, >15; female, >10 ng/L; NT-proBNP: <50 years, ≥450;
50 –75 years, ≥900; ≥75 years, ≥1800 ng/L; hs-CRP: >3 mg/dL) were associated with an increased risk.
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thermore, clinical information on patients with heart fail-
ure is limited in SAVOR-TIMI 53, preventing further
characterizing of these patients. Another significant lim-
itation is the relatively short duration of the trial in terms
of renal outcomes. A trial of larger duration would allow
greater accumulation of events. Lastly, although potential
residual confounding may exist in our findings, the robust-
ness of our results is supported by qualitative association
between cardiac biomarkers and microvascular outcomes
published in the literature. It should also be emphasized that
this analysis was exploratory in design; therefore, no adjust-
ments for multiple testing were performed.

In conclusion, in 12310 patients with T2DM and a
history of, or at risk for, cardiovascular disease, increased
baseline levels of hs-TnT, NT-proBNP, and hs-CRP
were associated with subsequent worsening renal func-
tion and albuminuria. Therefore, measurement of car-
diac and inflammatory biomarkers may provide im-
proved risk assessment for microvascular complications
such as renal deterioration in addition to cardiovascular
outcomes. Further studies are required to identify any
potential treatment interaction between renoprotective
therapies and baseline levels of these cardiovascular
biomarkers.
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