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Abstract

Purpose Numerous biomarkers of diabetic kidney disease (DKD) are associated with renal prognosis but head-to-head com-
parisons are lacking. This study aimed to examine the association of soluble tumor necrosis factor receptor type 1 (sSTNFR1),
fibroblast growth factor 21 (FGF-21), endocan, N-terminal pro-brain natriuretic peptide (NT-pro-BNP), and renal outcomes
of patients with or without clinical signs of DKD.

Methods A total of 312 patients were enrolled in a prospective observational study that excluded individuals with estimated
glomerular filtration rates (¢GFR) <30 mL/min/1.73 m?. Composite renal outcomes included either a>30% decline in eGFR
and worsening albuminuria or both from consecutive tests of blood/urine during a 3.5-year follow-up period.

Results Higher sTNFR1 and FGF-21, rather than endocan and NT-pro-BNP, levels were associated with renal outcomes but
the significance was lost after adjusting for confounders. However, sSTNFR1 levels >9.79 pg/dL or FGF-21 levels > 1.40 pg/
dL were associated with renal outcomes after adjusting for the confounders (hazard ration [HR] 2.76, 95% confidence inter-
val [CI] 1.36-5.60, p=0.005 for sSTNFRI1 level; HR 1.95, 95% CI 1.03-3.69, p=0.03 for FGF-21 level). The combination
of both levels exhibited even better association with renal outcomes than did either one alone (adjusted HR 4.45, 95% CI
1.86-10.65, p=0.001). The results were consistent among patients with preserved renal function and normoalbuminuria.
Conclusion Both sTNFR1 and FGF-21 levels were associated with renal outcomes of in patients with type 2 diabetes, and
the combination of the abovementioned markers exhibits better predictability.

Keywords Soluble tumor necrosis factor receptor type 1 - Fibroblast growth factor 21 - Type 2 diabetes mellitus - Renal
outcomes
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Type 2 diabetes mellitus (T2D) is highly prevalent glob-
ally, and the number of patients is expected to increase to
693 million in 2045 [1]. Diabetic kidney disease (DKD)
is a common complication of diabetes, which develops in
20-40% of patients with diabetes. The increasing prevalence
of DKD is in parallel with the increasing number of indi-
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rein—angiotensin system, and increases in oxidative stress
which is the root of the pathogenic molecular mechanisms
of DKD [7]. Oxidative stress leads to the over-production of
pro-inflammatory cytokine, pro-fibrotic factors, and angio-
genetic factors that are relevant to the damage of renal struc-
ture and function [8].

Several biomarkers involved in the aforementioned
process of DKD have been proven to be associated with
the renal prognosis or status of albuminuria in patients
with T2D. Soluble tumor necrosis factor receptor type 1
(sTNFR1), a cytokine that may facilitate the inflammatory
reaction of the tissue or apoptosis of the targeted cells, was
associated with decrease renal function and development
of end-stage renal disease in patients with DKD [9-11].
Fibroblast growth factor 21(FGF-21) is one of the mem-
bers of the FGF superfamily that acts as a factor of cyto-
protection, repair, and metabolic regulation [12]. FGF-21
is urinary excretion and FGF-21 levels increased in parallel
with the worsening status of albuminuria in patients with
T2D without apparent loss of renal function [13—15]. Endo-
can is a biochemical moiety essential for the proliferation
and neovascularization of cells, and plasma endocan levels
showed negative correlation with the status of albuminuria
in patients with T2D [16, 17]. Natriuretic peptides, which
inhibit the renin—angiotensin—aldosterone axis and sympa-
thetic tone, were released as the active hormone B type and
N-terminal pro-brain natriuretic peptide (NT-pro-BNP) [18].
The increasing plasma NT-pro-BNP levels were associated
with progression to end-stage renal disease from mild to
moderate chronic kidney disease (CKD) in patients without
T2D and correlated with the albuminuria levels in patients
with T2D [19, 20]. However, the prospective evaluation for
the predictability of individual markers and head-to-head
comparisons among markers has not been well documented.
Therefore, this study aimed to test the predictability of
plasma sTNFR1, FGF-21, endocan, and NT-pro-BNP levels
in patients with T2D.

Materials and methods
Patient population and medical records

Patients with T2D and regular visitors of the outpatient
department of the Division of Endocrinology and Metabo-
lism of the Taipei Veterans General Hospital were enrolled
in this prospective observational study since June 2014,
after exclusion of patients with an estimated glomerular
filtration rate (eGFR) <30 mL/min/1.73 m? as calculated
using the method of Modification of Diet in Renal Disease
(MDRD) or signs of acute hepatitis defined by elevated
alanine aminotransferase levels twofold higher than the
upper normal limit. Ethical approval was provided by the
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Taipei Veterans General Hospital, Taiwan (TPVGH IRB
No: 2014-04-010CC). Informed consent has been obtained
from each patient after full explanation of the purpose and
nature of all procedures used. All research methods follow
the Helsinki Declaration. Relevant clinical data of demo-
graphic and anthropometric characteristics and history
of vascular comorbidity were collected for each patient.
The body mass index (BMI) was calculated as weight
(kg) divided by height (m) squared. Laboratory tests for
hemoglobin A1C (HbAlc), lipid profile, and creatinine
and spot sampling of urinary albumin and creatinine were
conducted every 6 months and the obtained results were
verified by the central laboratory of the Department of
Clinical Pathology and Laboratory of Taipei Veterans
General Hospital. The sSTNFR1 levels were measured by a
human immunoassay of sSTNFR1 (Quantikine ELISA, MN,
USA) according to the protocol provided by the manufac-
turer. The minimal detectable concentration of sSTNFR1
was 0.07 pg/dL. The intra-assay coefficient of varia-
tion was 3.6-5.0%, while the inter-assay variation was
3.7-8.8%. The FGF-21 levels were measured by immuno-
assay (BioVendor, Brno, Czech Republic) with the low-
est detectable FGF-21 level of 0.07 pg/dL, the intra-assay
coefficient of variation of 3.0-4.1%, and the inter-assay
variation of 3.6-3.9%. The plasma endocan was measured
by immunoassay (Abcam, Cambridge, United Kingdom)
with a minimal detectable concentration of 0.3 pg/dL. The
intra-assay coefficient of variation was 5.5-7.9%, while
the inter-assay variation was 6.3—8.8%. The NT-pro-BNP
levels were determined by the assay with the lowest detect-
able NT-pro-BNP levels of 3.1 pg/dL (R&D Systems, Min-
neapolis, USA).

Definition of renal outcomes

The renal outcomes were a composite of either the decline
in eGFR and or the worsening stage of albuminuria or of
both. The decline in eGFR was defined as a loss of >30%
of kidney function compared with the value at baseline, and
the decline should be confirmed by the consecutive test after
6 months. Albuminuria status was determined by the uri-
nary albumin—creatinine ratio (UACR) and the patients were
categorized according to the following stages: normoalbu-
minuria (UACR <30 mg/g creatinine), microalbuminuria
(UACR 30-300 mg/g creatinine), and macroalbuminuria
(UACR > 300 mg/g creatinine). Progression of albuminuria
was defined by progressive shifts in the albuminuria status,
i.e., from normoalbuminuria to microalbuminuria, from
microalbuminuria to macroalbuminuria, or from normoal-
buminuria to macroalbuminuria. Progression of albuminu-
ria was also confirmed by the consecutive result of UACR
6 months after the previous test.
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Statistical analyses

All continuous variables were exam by Kolmogo-
rov—Smirnov test. Differences between patients with and
without renal events in parametrically continuous variables,
which were expressed as mean + standard deviation, were
explored by independent analyses of variance. For non-
parametrically continuous variables expressed as median
and inter-quarter range, differences between subjects with
and without renal events were tested by Mann—Whitney U
test. Pearson’s chi-squared tests were conducted to com-
pare the categorical variables between patients with renal
events and those without, which are expressed as a range
of numbers and percentages. The subjects were grouped
by tertile of sSTNFR1, FGF-21, endocan, and NT-pro-
BNP. Kaplan—-Meier analyses were conducted to estimate
the cumulative event-free probabilities of renal composite
events, and a log-rank test was used to identify significant
differences in the survival probability determined by dif-
ferent sSTNFR1, FGF-21, endocan, and NT-pro-BNP levels.
The association between STNFR1, FGF-21, endocan, and
NT-pro-BNP levels, or other variables and renal outcome
was tested using univariate Cox proportional hazard regres-
sion analyses. A two-sided p value < 0.05 was considered
significant. Associations were represented by hazard ratio
(HR) and 95% confidence interval (95% CI). Three Cox
models were constructed sequentially for renal composite
events as follows: model 1, which was adjusted for age and
sex; model 2, which was adjusted for duration of diabetes
in addition to variables in model 1; and model 3, which was
adjusted for other factors relevant to the renal outcomes of
our study in addition to variables in model 2. A receiver
operating characteristic (ROC) curve was used to identify
the cutoff levels of sSTNFR1, FGF-21, endocan, and NT-
pro-BNP which provided the best sensitivity and specificity
for the prediction of the effects on composite renal outcome
parameters of T2D patients. If the predictive value of the
individual biomarker was confirmed by ROC curve, the lev-
els of the biomarker were further transformed to the scores
according to the group of percentile. For example, the levels
of the biomarker within the 1st percentile were recognized
as 1 point of the score. The predictive value of the combi-
nation of the biomarkers was also examined by ROC curve.
For confirming the improvement of the predictability by the
method of combining the biomarkers relevant to the renal
events, the categorical net reclassification index (NRI) was
used. The subjects were stratified as low, intermediate, or
high risk of renal composite events according to the results
of logistic regression for the model of the individual bio-
marker related to the renal outcomes and the combination
ones then the categorical NRI was calculated according to
the method reported in the literature previously [21]. The
statistical analyses except categorical NRI were conducted

using the SPSS software package (version 18, IBM Corpora-
tion, Armonk, NY, USA) and the analysis of the categorical
NRI was conducted using SAS (version 9.4, SAS Institute,
Cary, North Carolina, USA).

Results
Baseline characteristics

A total of 312 patients were enrolled in this study, and the
last patient was enrolled on April 3, 2019. The median
age was 63 years, and the median duration of diabetes was
9 years. Of the patients, 20% had a history of coronary artery
disease, while 10% had retinopathy or neuropathy. One-third
of the patients had albuminuria, one-fifth had CKD stage
3 or above, and 11% of the patients had both albuminuria
and advanced CKD. The metabolic indices relevant to renal
outcomes were comparatively optimal. The median HbAlc
level was 7.0%, and the median of the mean blood pressure
was 115 mmHg. Metformin and sulfonylurea were the most
commonly prescribed oral anti-hyperglycemic agents and
17% of patients were treated by subcutaneous insulin injec-
tion. Nearly half of the patients received RAS inhibitors, and
the coverage of diuretics was 12%. Only three patients were
treated with sodium glucose cotransporter type 2 inhibitor
(SGLT2i) (two of them had albuminuria), and glucagon-like
peptide type 1 (GLP1a) therapy was not evaluated in our
cohort (Table 1).

Biomarkers and the renal outcomes

The median follow-up period was 3.5 years, during which 66
renal events occurred (22 events of >30% decline in eGFR
and 44 events of worsening albuminuria) and three subjects
died due to the malignancy. In subjects with worsening albu-
minuria, 21 events progressed from normoalbuminuria to
microalbuminuria, 22 events progressed from microalbu-
minuria to macroalbuminuria. Albuminuria rapidly wors-
ened from normoalbuminuria to macroalbuminuria in one
subject. Patients with renal events had several risk factors
for worsening nephropathy, including older age, hyperten-
sion and microvascular complications of diabetes, higher
UACRs, and worse renal function at baseline compared with
patients without renal events. Nevertheless, the coverage of
RAS blockade in patients with renal events was more exten-
sive (68% vs. 44%; p <0.001) (Table 1).

The tertile groups with the highest sSTNFR1 and FGF-
21 levels had the highest risk of renal composite events
(p <0.001 by log-rank test for sSTNFR1 and p=0.005 by
log-rank test for FGF-21; Fig. 1a, b). By contrast, the occur-
rences of renal events were not significantly different among
the endocan and NT-pro-BNP tertile groups (Fig. 1c, d). The
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Table 1 Baseline characteristics of patients with type 2 diabetes grouped by occurrence of renal composite events

Renal composite events

All Yes No p Value

(n=312) (n=166) (n=246)
Age 63.0 (54-70) 65.0 (60.0-72.5) 62.0 (52.0-69.0) 0.003
Male sex (%) 213 (68) 38 (57) 175 (71) 0.03
Smoking (%) 94 (30) 16 (24) 78 (31) 0.40
Coronary artery disease (%) 60 (19) 18 (27) 42 (17) 0.07
Hyperlipidemia (%) 267 (85) 55 (83) 212 (86) 0.55
Hypertension (%) 188 (60) 48 (72) 140 (57) 0.02
Retinopathy (%) 30 (9) 14 (21) 16 (6) 0.001
Neuropathy (%) 32 (10) 11 (16) 21 (8) 0.06
Albuminuria (%) 103 (33) 35(53) 68 (27) <0.001
CKD stage 3(%) 64 (20) 24 (36) 40 (16) 0.001
CKD stage 3 with albuminuria (%) 36(11) 17 (25) 19 (7) <0.001
Duration of diabetes (year) 9.0 (6.0-14.0) 13.0 (7.0-16.0) 9.0 (6.0-13.0) 0.001
Body mass index 25.8 (23.5-28.4) 24.7 (23.0-28.3) 26.2 (23.6-28.4) 0.20
Waist-hip ratio 0.92 (0.89-0.96) 0.91 (0.88-0.96) 0.93 (0.89-0.96) 0.39
Systolic blood pressure (mmHg) 133 (123-141) 136 (125-141) 132 (122-141) 0.19
Diastolic blood pressure (mmHg) 78 (72-86) 79 (71-86) 78 (72-86) 0.73
Mean blood pressure (mmHg) 115 (106-122) 117 (109-123) 114 (106-122) 0.23
Urinary albumin—creatinine ratio (mg/g Cr) 15.2 (6.6-51.8) 44.0 (17.7-195.7) 11.2 (5.8-39.5) <0.001
HbAlc (%) 7.0 (6.4-7.6) 7.0 (6.6-7.9) 7.0 (6.4-7.6) 0.44
Total cholesterol (mg/dL) 168 +27 167 +24 168 +27 0.75
Creatinine (mg/dL) 0.88 (0.77-1.06) 0.98 (0.77-1.16) 0.87 (0.77-1.05) 0.08
eGFR (mL/min/1.73 m?) 80 (67-92) 69 (54-81) 81 (70-93) <0.001
sTNFR1 (pg/dL) 10.34 (8.31-13.48) 13.31 (9.83-17.69) 9.82 (7.92-12.34) <0.001
FGF-21 (pg/dL) 1.64 (0.78-3.21) 2.58 (1.45-4.62) 1.34 (0.67-2.69) <0.001
Endocan (pg/dL) 1.28 (0.59-2.18) 0.96 (0.54-1.74) 1.38 (0.61-2.28) 0.07
NT-pro-BNP (pg/dL) 34.74 (22.18-52.46) 32.80 (21.43-50.59) 34.86(22.20-53.59) 0.60
Metformin (%) 239 (76) 48 (72) 191 (77) 0.41
Sulfonylurea (%) 121 (38) 27 (41) 94 (38) 0.77
Dipeptidyl peptidase-4 inhibitor (%) 54 (17) 15 (22) 39 (16) 0.20
SGLT?2 inhibitor 3(0.9) 1() 2(0.8) 0.51
Insulin (%) 55 (17) 14 (21) 41 (16) 0.37
Renin—angiotensin system blockade (%) 154 (49) 45 (68) 109 (44) 0.001
Diuretics (%) 39 (12) 15 (22) 24.(9) 0.01
eGFR decline>30% (%) 22 (33)
Worsening albuminuria (%) 44 (66)
Normo- to microalbuminuria (%) 21 (32)
Micro- to macroalbuminuria (%) 22 (33)
Normo- to macroalbuminuria (%) 1(2)

Data are expressed as numbers and percentages in non-continuous variables, as mean +standard deviation in parametric continuous variables,

and as median and interquartile range in nonparametric continuous variables

p<0.05 indicated a significant difference between the two groups

CKD chronic kidney disease; sTNFRI soluble tumor necrosis factor receptor type 1; FGF-21 fibroblast growth factor 21; NT-pro-BNP N-termi-
nal pro-brain natriuretic peptide; SGLT2 sodium glucose cotransporter type 2; HbAIc hemoglobin Alc; and eGFR estimated glomerular filtra-

tion rate
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Fig.1 Kaplan—-Meier curve showing the probability of cumula-
tive event-free survival of renal events (either a decline of >30% in
eGFR or worsening stage of albuminuria or both) in patients with
type 2 diabetes divided into groups based on concentration tertiles of

STNFR1 or FGF-21 levels were correlated with eGFR and
albuminuria levels. Furthermore, the sTNFR1 and FGF-21
levels were highly correlated with each other (correlation
efficient 0.423, p <0.001) (Table 2).
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biomarkers: a STNFR1, b FGF-21, ¢ endocan, and d NT-pro-BNP.
STNFRI soluble tumor necrosis factor receptor type 1; FGF-21 fibro-
blast growth factor 21; and NT-pro-BNP N-terminal pro-brain natriu-
retic peptide

Univariate Cox proportional hazard models demonstrated
that the STNFR1 and FGF-21 levels were associated with
renal outcomes (STNFR1, HR 1.07, 95% CI 1.04-1.10,
p<0.001; FGF-21, HR 1.04,95% CI 1.01-1.07, p =0.009).
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Table 2 Correlation of STNFR1, FGF-21, renal function, and urinary
albumin excretion

sTNFR1 p Value FGF-21 p Value
FGF-21 r=0.423 <0.001 r=1 NA
sTNFR1 r=1 NA r=0.423 <0.001
eGFR r=-0.540 <0.001 r=-0.273 <0.001
UACR r=0.376 <0.001 r=0.221 <0.001

r correlation efficient; sSTNFRI soluble tumor necrosis factor receptor
type 1; FGF-21 fibroblast growth factor 21; eGFR estimated glomer-
ular filtration rate; and UACR urinary albumin—creatinine ratio

The endocan or NT-pro-BNP levels were not related to the
occurrence of renal events in this cohort. The patterns of the
associations between aforementioned biomarkers and renal
outcomes were consistent across the subgroups who had
either normoalbuminuria or preserved renal function. In 176
patients with eGFR > 60 mL/min/1.73 m? and normoalbumi-
nuria, STNFR1 and FGF-21 levels were still associated with
renal outcomes in this cohort (STNFR1, HR 1.13, 95% CI
1.04-1.24, p=0.003; FGF-21, HR 1.12,95% CI 1.02-1.23,
p=0.01). Moreover, the following risk factors were also
associated with renal outcomes: elder age, male sex, longer
duration of diabetes, increased UACR or decreased eGFR,
presence of retinopathy, and treatment with RAS blockers
or diuretics. However, the association between the STNFR 1
or FGF-21 levels and renal outcome did not remain after
adjusting for other relevant factors in sequential models
(Table 3).

Specific cutoff values of biomarkers and renal
outcomes

The appropriate cutoff levels of sSTNFR1 and FGF-21 were
determined using the ROC curve by mapping the fraction of
true-positive results (sensitivity) and false-positive results
(1—sensitivity) for specific levels of sTNFR1 and FGF-
21, which provided the maximal sensitivity and specificity.
The cutoff STNFRI level of 9.79 pg/dL yield a sensitivity of
0.783 and specificity of 0.489, and the cutoff FGF-21 level of
1.40 pg/dL demonstrated a sensitivity of 0.773 and specificity
of 0.480. The mean areas under the ROC curve (AUC) were
0.68 (95% C10.61-0.76, p<0.001) for sSTNFR1 and 0.66 (95%
CI 0.59-0.74, p <0.001) for FGF-21 (Fig. 2a). The combina-
tion of FGF-21 and sTNFR1 exhibited more extensive AUC
than did FGF-21 alone (AUC of sTNFR1 plus FGF-21 ver-
sus AUC of FGF-21, p=0.01). The trend was consistent but
did not reach statistical difference when comparing the AUC
of STNFR1 (AUC of sTNFRI1 plus FGF-21 versus AUC of
sTNFR1, p=0.08) (Fig. 2b). The combination of STNFR1
and FGF-21 exhibited maximal sensitivity 69.7% as well as
the specificity 72.8% and the major contribution of the incre-
ment of the AUC should be due to the improvement of the
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specificity for predicting the renal outcomes. The categori-
cal NRI showed a 23.4% improvement of the accuracy of the
prediction of the renal outcomes by the model of the com-
bination of FGF-21 and sTNFR1 versus the model of FGF-
21(categorical NRI=0.234, 95% CI 0.085-0.384, p=0.002).
The improvement of accuracy of the model of the combina-
tion of FGF-21 and sTNFR1 was a 6.8% versus the model
of STNFRI1 (categorical NRI=0.068, 95% CI 0.057-0.194,
p=0.28).

The univariate Cox proportional analysis showed that
sTNFR1 levels >9.79 pg/dL were associated with a higher
incidence of renal events (HR 3.25, 95% CI 1.80-5.87,
p<0.001). The observed association between high STNFR1
levels and renal outcomes remained significant after sequen-
tial adjustment for other relevant factors in the three different
models (HR 3.08, 95% CI 1.69-5.63, p=0.001 for model 1;
HR 2.77,95% CI 1.50-5.12, p=0.001 for model 2; HR 2.76,
95% CI 1.36-5.60, p=0.005 for model 3; Table 3). The levels
of FGF-21>1.40 pg/dL were also significantly associated with
a higher risk of renal events, as demonstrated by the univari-
ate Cox proportional analysis (HR 2.79, 95% CI 1.57-4.97,
p<0.001). The association was still apparent after adjusting
for other covariates in the sequential model (HR 2.55, 95% CI
1.42-4.57, p=0.002 for model 1; HR 2.64, 95% CI 1.44-4.81,
p=0.002 for model 2; HR 1.95, 95% CI 1.03-3.69, p=0.03
for model 3; Table 3).

The validated cases in our cohort were further grouped
by the cutoff levels of sSTNFR1 and FGF-21. There were
76 patients with STNFR1 level <9.79 pg/dL and FGF-21
level < 1.40 pg/dL, 69 with sSTNFRI1 level >9.79 pg/dL and
FGF-21 level < 1.40 pg/dL, 61 with sTNFRI1 level <9.79 pg/
dL and FGF-21 level > 1.40 pg/dL, and 106 with sTNFR1
level >9.79 pg/dL and FGF-21 level > 1.40 pg/dL. The risk
of renal events was the highest in patients with STNFR1
level >9.79 pg/dL and FGF-21 level > 1.40 pg/dL (» <0.001
by log-rank test) (Fig. 3). The combination of sTNFR1
level >9.79 pg/dL and FGF-21 level > 1.40 pg/dL levels was
more strongly associated with the risk of renal events than
was STNFR1 level >9.79 pg/dL or FGF-21 level > 1.40 pg/
dL alone in the overall cohort, and the association was per-
sistent after adjusting for other relevant factors (HR 4.76,
95% CI 1.99-11.35, p<0.001 for model 1; HR 4.56, 95%
CI 1.90-10.89, p=0.001 for model 2; HR 4.45, 95% CI
1.86-10.65, p=0.001 for model 3). The better association
provided by the combination of the cutoff levels of STNFR1
and FGF-21 was consistent among patients with preserved
renal function or without albuminuria (Table 3).
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Table 3. Result of Cox HR 95% CI p Value
proportional hazard
mode} apaly sis for the Overall (n=2312, univariate analysis)
?:;Zflca;ﬁg;itf:?v‘:st??ﬁ STNFRI (pg/dL) 1.07 1.04-1.10 <0001
the overall cohort, patients FGF-21 (pg/dL) 1.04 1.01-1.07 0.009
with normoalbuminuria, sTNFR1>9.79 pg/dL 3.25 1.80-5.87 <0.001
patients with preserved FGF-21> 1.40 pg/dL 2.79 1.57-4.97 <0.001
renal function, and patients STNFR1>9.79 pg/dL + FGF-21 > 1.40 pg/dL 5.8 2.24-12.44 <0.001
with normoalbuminuria and
preserved renal function Endocan (pg/dL) 0.87 0.70-1.07 0.20
NT-pro-BNP (pg/dL) 0.99 0.99-1.00 0.53
Age 1.02 1.00-1.04 0.03
Male sex 1.68 1.03-2.74 0.03
Duration of diabetes (years) 1.04 1.01-1.07 0.003
Retinopathy (with versus without) 2.55 1.41-4.60 0.002
eGFR (mL/min/1.73 m?) 0.97 0.96-0.99 0.001
UACR (per 100 mg/g Cr increase) (mg/g Cr) 1.09 1.04-1.14 <0.001
RAS inhibitors (with versus without) 2.19 1.30-3.68 0.003
Diuretics (with versus without) 2.13 1.20-3.79 0.01
Overall (n=312, multivariate analysis)
sTNFR1(pg/dL)
Model 1 1.06 1.02-1.09 <0.001
Model 2 1.05 1.02-1.09 0.001
Model 3 1.03 0.98-1.08 0.14
sTNFR12>9.79 pg/dL
Model 1 3.08 1.69-5.63 <0.001
Model 2 2717 1.50-5.12 0.001
Model 3 2.76 1.36-5.60 0.005
FGF-21 (pg/dL)
Model 1 1.03 1.00-1.06 0.01
Model 2 1.02 0.99-1.06 0.06
Model 3 1.01 0.97-1.05 0.55
FGF-21>1.40 pg/dL
Model 1 2.55 1.42-4.57 0.002
Model 2 2.64 1.44-4.81 0.002
Model 3 1.95 1.03-3.69 0.03
sTNFR1 >9.79 pg/dL + FGF-21>1.40 pg/dL
Model 1 4.76 1.99-11.35 <0.001
Model 2 4.56 1.90-10.89 0.001
Model 3 4.45 1.86-10.65 0.001
UACR <30 mg/g Cr (n=200)
STNFRI (pg/dL) 1.10 1.03-1.17 0.001
FGF-21 (pg/dL) 1.12 1.03-1.23 0.009
sTNFR1>9.79 pg/dL 3.73 1.59-8.76 0.002
FGF-21>1.40 pg/dL 1.77 082-3.82 0.14
Endocan (pg/dL) 0.65 0.42-1.01 0.05
NT-pro-BNP (pg/dL) 0.99 0.98-1.00 0.71
sTNFR1 >9.79 pg/dL + FGF-21 > 1.40 pg/dL 4.38 1.46-13.13 0.008
eGFR > 60 mL/min/1.73 m* (n=247)
sTNFR1 (pg/dL) 1.13 1.06-1.21 <0.001
FGF-21 (pg/dL) 1.09 1.02-1.17 0.008
sTNFR1>9.79 pg/dL 3.18 1.612-6.22 0.001
FGF-212>1.40 pg/dL 2.26 1.17-4.36 0.01
Endocan (pg/dL) 0.79 0.59-1.07 0.13
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Table 3 (continued)

HR 95% C1 p Value
NT-pro-BNP (pg/dL) 0.99 0.98-1.00 0.40
sTNFR1>9.79 pg/dL + FGF-21 > 1.40 pg/dL 4.83 1.96-11.88 0.001
UACR <30 mg/g Cr
eGFR > 60 mL/min/1.73 m? (n=176)
sTNFR1 (pg/dL) 1.13 1.04-1.24 0.003
FGF-21 (pg/dL) 1.12 1.02-1.23 0.01
sTNFR1>9.79 pg/dL 3.76 1.55-9.12 0.003
FGF-21>1.40 pg/dL 1.80 0.78-4.12 0.16
Endocan (pg/dL) 0.58 0.34-0.98 0.04
NT-pro-BNP (pg/dL) 0.99 0.98-1.01 0.66
sTNFR1>9.79 pg/dL + FGF-21>1.40 pg/dL 4.90 1.57-15.23 0.006

Model 1: adjusted for age and sex

Model 2: adjusted for age, sex, and duration of diabetes
Model 3: adjusted for age, sex, duration of diabetes, retinopathy, eGFR, UACR, treatment with RAS inhibi-

tors, and diuretics

STNFRI soluble tumor necrosis factor receptor type 1; FGF-21 fibroblast growth factor 21; NT-pro-BNP
N-terminal pro-brain natriuretic peptide; HR hazard ratio; CI confidence interval; eGFR estimated glo-
merular filtration rate; UACR urinary albumin-creatinine ratio; Cr creatinine; and RAS renin—angiotensin
system

0.8 -

0.6 -

Sensitivity

0.4

STNFR1, AUC 0.68 (95% CI 0.61-0.76), p < 0.001
FGF-21, AUC 0.66 (95% Cl 0.59-0.74), p < 0.001
————  Endocan, AUC 0.42 (95% Cl 0.35-0.50). p = 0.07
~~~~~~~~~~~~ NT-pro-BNP, AUC 0.47 (95% 0.39-0.55). p = 0.58

0.2

1 - Specificity

Fig.2 Receiver operating characteristic curves for prediction of renal
events in patients with type 2 diabetes: a sSTNFR1, FGF-21, endo-
can, and NT-pro-BNP, b sTNFR1+FGF-21, sTNFR1, and FGF-21.

Discussion

The cohort of patients with T2D demonstrated that the
sTNFR1 and FGF-21 levels, rather than endocan or NT-
pro-BNP levels, were associated with renal outcomes and
the combinations of sSTNFR1 and FGF-21 levels exhibited
better predictive value of renal outcomes than either one.
The results were consistent in patients without advanced
CKD or albuminuria.

@ Springer

b Renal outcomes

0.8 -

0.6

Sensitivity

0.4 -

/ —— sTNFR1, AUC = 0.68 (95% CI 0.61-0.76), p < 0.001

02 ——- FGF-21, AUC = 0.66 (95% Cl 0.59-0.74), p < 0.001

sTNFR1 plus FGF-21, AUC = 0.73 (95% CI 0.65-0.80), p < 0.001
AUC of sTNFR1 plus FGF-21 versus AUC of sTNFR1, p = 0.08
AUC of sTNFR1 plus FGF-21 versus AUC of FGF-21 p = 0.01

00 AUC of sTNFR1 versus AUC of FGF-21, p = 0.55

0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

STNFRI soluble tumor necrosis factor receptor type 1; FGF-21 fibro-
blast growth factor 21; and NT-pro-BNP N-terminal pro-brain natriu-
retic peptide

Studies on our cohort were not the first to demonstrate
an association between sSTNFR1 or FGF-21 levels and renal
outcomes in patients with T2D, but the design of our study
was different from that of other studies. Niewczas et al. high-
lighted that circulating sSTNFR1 and sTNFR2 predicted the
development of end-stage renal disease in patients with T2D
with or without proteinuria, and Lee et al. reported that cir-
culating FGF-21 levels predicted the presence of progressive
kidney disease in patients with T2D without albuminuria
[10, 15]. However, the effects of other biomarkers that are
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Renal composite events

1
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I

06 — ;

04 — —— sTNFR1 <9.79 pg/dL, FGF-21 < 1.40 pg/dL

STNFR1 >= 9.79 pg/dL, FGF-21 < 1.40 pg/dL

Cumulative events free probability

STNFR1 < 9.79 pg/dL, FGF-21 >= 1.40 pg/dL

02
——- STNFR1 >= 9.79 pg/dL, FGF-21 >= 1.40 pg/dL

Log-Rank test p < 0.001

0.0 T \ \ \ \ \ \
0 10 20 30 40 50 60 70

Months

Fig.3 Kaplan—-Meier curve showing the cumulative event-free prob-
ability of renal composite events among the diabetic patients grouped
according to the sSTNFR1 (>9.79 pg/dL vs.<9.79 pg/dL) combina-
tion with the FGF-21 (> 1.4 pg/dL vs.< 1.4 pg/dL). sSTNFRI soluble
tumor necrosis factor receptor type 1 and FGF-21 fibroblast growth
factor 21

involved in the different processes of the pathogenesis of
DKD were not considered in the abovementioned studies.
The endocan or NT-pro-BNP levels were correlated with
albuminuria, but whether the endocan or NT-pro-BNP levels
were associated with renal outcomes was still inconclusive.
Our cohort included four biomarkers representing inflam-
mation, fibrosis, angiogenesis, and accumulation of fluid
in DKD in reviewing the association of individual markers
and renal outcomes and comparing the predictability across
biomarkers in patients with T2D. The association between
the STNFR1 or FGF-21 levels and the decline in renal func-
tion or worsening status of albuminuria in our cohort was
consistent with those of previous studies but the neutral
influences of the plasma endocan or NT-pro-BNP levels on
renal outcomes of patients with T2D were novel findings.
Moreover, the more accurate predictability exhibited by the
combinations of sSTNFR1 and FGF-21 levels indicated more
validated markers, including a more precise prediction of
outcomes. This hypothesis was supported by a study that
included 16 biomarkers to predict the renal and cardiovas-
cular outcomes of the patients with T2D [22]. However, the
difference of the improvement of the predictability between
the comparisons of the combination of FGF-21 and sTNFR1
versus FGF-21 only and the combination of FGF-21 and
STNFR1 versus sSTNFR1 only suggested that individual bio-
marker had impact on the final efficacy of the prediction of

the combination. Therefore, further investigation for explor-
ing the best combination of biomarkers was warranted.

Tumor necrosis factor, one of the pro-inflammatory
cytokines secreted by infiltrating macrophage or resident
renal cells, has been shown to contribute to the pathophysi-
ology of DKD [23, 24]. Since tumor necrosis factor was a
crucial marker of infiltrating macrophages, which responses
to the oxidative stress induced by hyperglycemia in patients
with T2D, and the infiltrating macrophage played the role
of the initiator of DKD, it is reasonable to use the STNFR1
level as a sentinel marker for predicting further structural
damage of glomerulus, such as the expansion of mesangial
cells or podocytopathy, detected by the presence of albumi-
nuria or decline in eGFR [7]. The association between the
increasing FGF-21 levels and renal outcomes was not as
strong as that of sSTNFR1 level in our study, but the combina-
tion of FGF-21 and sTNFR1 levels generated better predict-
ability of renal outcomes, and the FGF-21 levels were highly
correlated with the sSTNFR1 levels. The increasing plasma
FGF-21 levels can be due to decreased urinary excretion or
increased stimulation from inflammatory cytokines induced
by metabolic and oxidative insult [25, 26]. The latter mecha-
nism was favorable to explain the findings on FGF-21 in our
study because two-thirds of patients were free from albu-
minuria and 80% of patients had preserved renal function.
Since the plasma FGF-21 levels were possibly increased by
the stimulation of tumor necrosis factor, the FGF-21 lev-
els can be a marker to reflect the activity of inflammation
induced by the tumor necrosis factor in the target organ.
Therefore, the FGF-21 levels can provide additional predic-
tive value to the sSTNFR1 levels. The endothelial cell was
one of the targets to be damaged by the oxidative stress of
patients with T2D [27]. The real reason for the unremarkable
association between the endocan levels and renal outcomes
in our study was unclear, but it may be that the defect in
neovascularization related to endothelial dysfunction had not
yet been apparent in the early stage of DKD. Nevertheless, it
is still possible to find the connection between other mark-
ers related to endothelial function and renal outcomes in the
future. The implicit associations of the NT-pro-BNP levels
and renal outcomes in our cohort may be due to the lack of
systemic fluid accumulation in patients with preserved renal
function. However, the predictive value of the NT-pro-BNP
levels was still recognized in patients with hemodialysis for
end-stage renal disease [28].

The predictability of renal outcomes by the sTNFR1
and FGF-21 levels in patients with preserved renal func-
tion and normoalbuminuria was consistent with the pri-
mary cohort. Moreover, 30-50% patients with T2D and
eGFR < 60 mL/min/1.73 m? did not have albuminuria
[29]. The results of our study suggested that FGF-21 and
sTNFR1 levels were the alternative choices in estimating
the risk of worsening DKD when the sign of albuminuria
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was not applicable and sSTNFR1 and FGF-21 levels can
be the early surrogate markers detected before decline in
eGFR or worsening of albuminuria to warn the clinicians
to perform the necessary procedures for preventing further
renal damage.

There were some limitations to our study. First, causal
relationships cannot be concluded from prospective obser-
vational studies such as our study. However, the retrospec-
tive study showed that biologically anti-inflammatory
agents ameliorated the risk of CKD, and the study sug-
gested the activity of tumor necrosis factor was possibly
not only a marker but also a risk factor for the pathogene-
sis of decline in renal function [30]. Second, recent studies
have shown that the SGLT2i and GLP1a provide renal pro-
tection in patients with T2D, but the minimal number of
patients receiving SGLT2i or GLP1a made the influences
of SGLT2i or GLP1a on the results of our study unmeas-
urable [31, 32]. Third, biomarkers that participated in the
pathogenesis of DKD were not included in our study. Nev-
ertheless, the rationale for the selection of biomarkers in
our study was based on the process of pathophysiology
of DKD, and their associations with the albuminuria lev-
els were validated in a clinical scenario. Therefore, the
biomarkers in our cohort were representative choices of
inflammation, fibrosis, neovascularization, and systemic
fluid accumulation in DKD. Lastly, the conclusion of our
study was validated in Chinese patients with T2D and
should be cautiously applied to different races with T2D.

Conclusion

Circulating STNFR1 and FGF-21 levels, rather than endo-
can and NT-pro-BNP levels, were associated with renal
outcomes in patients with T2D with or without clinical
signs of DKD, and the combination of the TNFR1 and
FGF-21 levels exhibited better associations than did either
one alone. The results suggested that sSTNFR1 and FGF-
21 levels could be potential biomarkers in the assessment
of DKD.
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