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Abstract
Aims/hypothesis Elevated circulating adipocyte fatty acid-binding protein (AFABP) levels have been found to correlate with
diabetic nephropathy staging in cross-sectional studies. However, it remains unclear whether these higher serum levels reflect a
role of AFABP in the development of diabetic kidney disease (DKD), or simply result from its impaired renal clearance in DKD.
Here we investigated prospectively the prognostic importance of serum AFABP level in the development of adverse renal
outcomes in a large clinic-based cohort of participants with type 2 diabetes.
Methods Baseline serum AFABP levels were measured in 5454 Chinese participants from the Hong Kong West Diabetes
Registry. The association between circulating AFABP levels and incident adverse renal outcomes—defined as a composite
endpoint of a sustained 40% decline in eGFR, end-stage renal disease requiring renal replacement therapy or kidney transplan-
tation, or renal deaths—was evaluated using multivariable Cox regression analysis.
Results Over a median follow-up of 5 years, 754 of the 5454 participants developed incident adverse renal outcomes. Elevated
circulating AFABP levels were independently associated with incident adverse renal outcomes (HR 1.43, 95% CI 1.31, 1.57,
p < 0.001) after adjustments for conventional risk factors for DKD progression. Importantly, the prognostic role of serumAFABP
was independent of the baseline albuminuria status or eGFR levels of the study participants.
Conclusions/interpretation Circulating AFABP levels were predictive of incident adverse renal outcomes, even in participants with
relatively well-preserved kidney function at baseline, suggesting its potential to be a useful marker for early risk stratification in DKD.

Keywords Adipocyte fattyacid-bindingprotein .Microvascularcomplications .Nephropathy .Predictionmodel .Type2diabetes
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Introduction

Diabetic kidney disease (DKD) is a major chronic diabetic
complication and it is one of the leading causes of end-stage
renal disease (ESRD) and renal deaths worldwide. A recent
study reported that more than a quarter of US adults with
diabetes have DKD [1]. Similarly, in China, approximately
21.3% of individuals with diabetes are affected and the esti-
mated number of individuals with DKD is close to 24.3 mil-
lion [2]. DKD, be it albuminuria, impaired eGFR or both, is
associated not only with adverse cardiovascular and renal out-
comes [3], but also with increased all-cause mortality in indi-
viduals with type 2 diabetes [4]. Although microalbuminuria
used to be the most studied marker of DKD progression [5, 6],
the classical paradigm of microalbuminuria always preceding
macroalbuminuria and eGFR decline has been challenged
over the past decade. In a 15-year follow-up study of the
United Kingdom Prospective Diabetes Study, of the 1534 par-
ticipants who had albuminuria, 12%were documented to have
renal impairment (defined as an eGFR <60 ml min−1

[1.73 m]−2 or doubling of the serum creatinine levels) before
the detection of albuminuria. Furthermore, 51% of the 1132
participants who had renal impairment did not have albumin-
uria. These observations have highlighted the apparent discor-
dance between the development of impaired eGFR and albu-
minuria as well as the limitations of using microalbuminuria
alone to optimally identify individuals with type 2 diabetes
who are at higher risk of renal impairment [7]. Therefore,
well-validated novel markers for adverse renal outcomes are

clearly needed to provide good prognostic information for the
vast majority of individuals with type 2 diabetes [8].

Adipocyte fatty acid-binding protein (AFABP) is a lip-
id chaperone that mediates intracellular fatty acid traffick-
ing [9]. It is also highly expressed in macrophages [10]
and it modulates inflammatory responses in macrophages
through a positive feedback loop involving c-Jun NH2-
terminal kinase (JNK) and activator protein-1 [11]. In
humans, we and others have previously demonstrated se-
rum AFABP to be higher in obesity [12], and elevated
serum AFABP levels were independently associated with
the development of the metabolic syndrome [13], type 2
diabetes [14, 15], incident cardiovascular events and heart
failure in community-based cohorts [16, 17], as well as
all-cause mortality, cardiovascular- and infection-related
deaths in type 2 diabetes [18]. In the context of DKD, a
high serum AFABP level was independently associated
with diabetic nephropathy staging based on previous
cross-sectional studies [19–21]. However, in view of the
cross-sectional design of these studies and the fact that
filtration through the kidneys is an important route of
AFABP clearance, which could also account for the ele-
vated serum levels in DKD [22], the relationship between
circulating AFABP levels and DKD remains to be eluci-
dated. Therefore, we performed this prospective study to
examine the prognostic importance of serum AFABP level
in the development of adverse renal outcomes in individ-
uals with type 2 diabetes using a large clinic-based cohort
of Chinese participants.
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Methods

Study participants All participants were recruited from the
Hong Kong West Diabetes Registry, which consisted of indi-
viduals who had type 2 diabetes and had been followed up
regularly at the medical specialist clinics of the Hong Kong
West Cluster since 2008. During enrolment to the registry, all
Chinese individuals were invited to participate in a prospec-
tive cohort study that aimed to identify the associations be-
tween risk factors, including genetic and serum biomarkers,
and the development of diabetic complications; this involved
regular assessment for chronic diabetic complications every
12 to 18 months, in addition to their usual follow-up for dia-
betes every 4 to 6 months according to a management proto-
col. During each assessment, the participants were assessed
clinically and had laboratory investigations to determine their
control of diabetes, its related cardiovascular risk factors and
the presence of chronic diabetic complications, which includ-
ed the development of albuminuria and decline in renal func-
tion. The study protocol was approved by the institutional
review board of the University of Hong Kong/Hospital
Authority Hong KongWest Cluster. Written informed consent
was obtained from all recruited participants prior to any study-
related procedures. In the current study that evaluated the role
of circulating AFABP levels and incident adverse renal out-
comes, only individuals who had follow-up for more than
1 year were included. Individuals who were non-Chinese,
those who were on renal replacement therapy or those who
had received a kidney transplant at baseline were excluded.

Clinical and biochemical assessments The participants
attended each assessment after an overnight fast for at least
8 h. At the baseline assessment, demographic data were ob-
tained, including age, sex, smoking status and alcohol con-
sumption. Detailed medical, family and medication histories
were assessed using a standardised questionnaire.
Anthropometric parameters were measured, including body
weight, height, BMI, waist circumference (WC) and BP.
Fasting blood was drawn for plasma glucose, lipids and
HbA1c levels and stored in aliquots at −70°C for assays of
biomarkers of diabetic complications. Serum creatinine level
was measured. eGFR was calculated using the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation and it was expressed as GFR = 141 × min(SCr/
κ,1)α ×max (SCr/κ,1)−1.209 × 0.993age (×1.018 for women),
where SCr is serum creatinine (expressed in mg/dl; if
converting from μmol/l to mg/dl, divide by 88.4), κ is 0.7
for women and 0.9 for men, α is −0.329 for women and
−0.411 for men, min indicates the minimum of SCr/κ or 1,
and max indicates the maximum of SCr/κ or 1 [23].
Albuminuria status was assessed using at least two random
urine samples on two separate occasions within 6 months and
was categorised accordingly (urine albumin/creatinine ratio

<3 mg/mmol [A1], 3–30 mg/mmol [A2] and >30 mg/mmol
[A3]) [24]. Serum high-sensitivity C-reactive protein (hsCRP)
level was measured with a high-sensitivity, particle-enhanced
immune-turbidimetric assay (Roche Diagnostics, Mannheim,
Germany). Serum AFABP was measured with a monoclonal-
antibody-based ELISA (Antibody and Immunoassay
Services, University of Hong Kong) that had also been used
in other regional and international studies [25, 26]. The intra-
assay and inter-assay precision coefficients of variation of the
AFABP ELISAwere <4.1% and <4.5%, respectively, and the
lowest detection limit was 0.39 ng/ml.

Definitions of clinical variables and outcomes Dyslipidaemia
was defined as fasting triacylglycerol ≥1.69 mmol/l, HDL-
cholesterol (HDL-C) <1.04 mmol/l in men and <1.29 mmol/
l in women, LDL-cholesterol (LDL-C) ≥2.6 mmol/l or the use
of lipid-lowering agents. Hypertension was defined as BP
≥140/90 mmHg or the use of anti-hypertensive medications.

Adverse renal outcomes, the primary outcome of interest in
this study, were defined [27] as the development of a compos-
ite endpoint consisting of a 40% decline in eGFR that was
sustained for at least two consecutive measurements, initiation
of renal replacement therapy, the need for kidney transplanta-
tion, or death from renal causes. All outcomes were recorded
and verified from the Hospital Authority database or the pri-
vate practitioners of the participants as of 30 June 2017.
Deaths from renal causes were based on coding from the 9th
edition of the International Classification of Diseases (ICD-9)
(585.6) (www.icd9data.com/2007/Volume1).

Statistical analysis All data were analysed with IBM SPSS
Statistics 24.0.0 (http://www.IBM.com/SPSS) and R version
3.2.3 (http://www.r-project.org). Data that were not normally
distributed as determined using the Kolmogorov–Smirnov
test, which included serum AFABP, triacylglycerol and
hsCRP levels, were log2 transformed before analysis. The
values were reported as means ± SD, medians with
interquartile range with skewed data, or percentages.
Multivariable Cox regression analysis was conducted to
evaluate the associations between baseline serum AFABP
levels and incident adverse renal outcomes. The variables
included in the Cox regression models were those that were
either statistically significant in the univariate analysis or
biologically relevant [28]. Interactions were tested using
multivariable Cox regression. Effect modification among
sex×AFABP or sex×WC was tested using a two-way interac-
tion and the interaction was observed only in the latter. The
HR for circulating AFABP level referred to the risk of devel-
oping adverse renal outcomes per unit difference in the log-
transformed, or a doubling of serum AFABP level measured
in ng/ml. The adjusted cumulative incidence curves were de-
rived from a multivariable Cox regression model using the
mean of each covariate as a constant. The predictive
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performance of the various models was assessed using C in-
dex (the AUC of the ROC curve, also known as the C statistic),
category-free net reclassification index (NRI) and integrated
discrimination improvement (IDI). In all statistical tests, two-
sided p values <0.05 were considered significant.

Results

Circulating AFABP levels were significantly higher in partici-
pants with incident adverse renal outcomes A total of 5454
participants with type 2 diabetes were included in our study,
after excluding 50, 15 and 150 participants who were on renal
replacement therapy, who underwent renal transplantation and
who were either lost to follow-up or had less than 1 year of
follow-up, respectively. Over a median follow-up of 5 years,
754 (13.8%) participants developed adverse renal outcomes:
703 participants had a 40% decline in eGFR; 40 participants
presented with ESRD and required renal replacement therapy
or kidney transplantation; and 11 participants died from renal
causes. The participants who had incident adverse renal out-
comes were significantly older, and they had longer duration
of diabetes, higher WC and BP, worse glycaemic control,
higher LDL-C and triacylglycerol levels, and higher preva-
lence of cardiovascular disease at baseline than those who
did not. In addition, those who developed adverse renal out-
comes had a significantly lower eGFR and more severe albu-
minuria at baseline, despite a higher proportion of participants
who were taking an ACE inhibitor (ACEI) or angiotensin II
receptor blocker (ARB). Both serum hsCRP and AFABP
levels at baseline were significantly higher in participants
who developed adverse renal outcomes than those who did
not (see electronic supplementary material [ESM] Table 1).
Moreover, at baseline, higher serum AFABP quartiles were
significantly associated with older age; longer duration of di-
abetes; lower eGFR levels; more severe albuminuria; higher
WC, systolic BP, serum HbA1c, triacylglycerol and hsCRP
levels; higher prevalence of hypertension and dyslipidaemia;
history of cardiovascular disease; and history of using
thiazolidinedione, insulin, ACEIs/ARBs, statin and aspirin
(all p < 0.001) (Table 1).

Circulating AFABP levels were independently associated with
incident adverse renal outcomes In the multivariable Cox
regression analysis (Table 2), baseline serum AFABP level
was independently associated with the development of ad-
verse renal outcomes after 5 years (HR 1.43, 95% CI 1.31,
1.57; p < 0.001), along with sex (p = 0.008), age (p < 0.001),
interaction term for sex and WC (p = 0.027), systolic BP
(p < 0.001), eGFR (p < 0.001), albuminuria status
(p < 0.001), use of insulin (p = 0.042) and serum hsCRP levels
(p = 0.01) at baseline, in a full model that also included
smoking status, duration of diabetes, WC, hypertension,

LDL-C level, triacylglycerol level, history of cardiovascular
disease, HbA1c level and the use of ACEIs or ARBs, statin and
aspirin at baseline. Serum AFABP level remained indepen-
dently associated with adverse renal outcomes even when
eGFR was adjusted as a continuous variable (HR 1.37,
95% CI 1.25, 1.51; p < 0.001) or in a reduced model that used
Akaike’s information criterion (HR 1.42, 95% CI 1.30, 1.56;
p < 0.001). Moreover, increasing serum AFABP quartiles
were significantly associated with a higher adjusted cumula-
tive incidence of adverse renal outcomes (p < 0.001) (Fig. 1).
Multivariable spline showed a non-linear increasing trend in
the adjusted HRs of incident adverse renal outcomes, and the
risks appeared to increase when serum AFABP rose beyond
the second quartile (ESM Fig. 1).

The prognostic role of circulating AFABP levels was indepen-
dent of sex, baseline obesity, eGFR and albuminuria status To
confirm the robustness of the observed associations between
baseline serum AFABP levels and incident adverse renal out-
comes, subgroup analyses were performed to examine the
prognostic properties of circulating AFABP levels in the par-
ticipants stratified by sex, their baseline eGFR categories, obe-
sity and albuminuria status (Table 3). Although we observed
higher baseline serum AFABP levels in women than in men,
as well as worsening eGFR (ESM Table 2), the prognostic
properties of serum AFABP levels for the development of
adverse renal outcomes remained significant irrespective of
sex (HR 1.50, 95% CI 1.32, 1.70; p < 0.001 in men and HR
1.32, 95% CI 1.15, 1.52; p < 0.001 in women), obesity status
(HR 1.45, 95% CI 1.23, 1.70; p < 0.001 for BMI ≥27.5 kg/m2

and HR 1.44, 95% CI 1.28, 1.62; p < 0.001 for BMI <27.5 kg/
m2), albuminuria status (HR 1.32, 95% CI 1.07, 1.63; p =
0.009 for A1; HR 1.43, 95% CI 1.19, 1.71; p < 0.001 for
A2; and HR 1.43, 95% CI 1.26, 1.63; p < 0.001 for A3) and
eGFR categories (HR 1.37, 95% CI 1.19, 1.56; p < 0.001 for
eGFR ≥60 ml min−1 [1.73 m]−2 and HR 1.29, 95% CI 1.12,
1.50; p < 0.001 for eGFR <60 ml min−1 [1.73 m]−2) at base-
line. Furthermore, in a subgroup of 2537 study participants
with relatively well-preserved kidney function at baseline, as
def ined by eGFR ≥60 ml min−1 [1.73 m]−2 and
normoalbuminuria, circulating AFABP levels remained inde-
pendently associated with development of adverse renal out-
comes (HR 1.41, 95% CI 1.12, 1.78, p = 0.004).

Circulating AFABP levels provided a significant improvement
in prognostic performance for incident adverse renal out-
comes, particularly in participants with less severe albumin-
uria and even normoalbuminuria with preserved kidney func-
tion Since the prognostic properties of circulating AFABP
levels for incident adverse renal outcomes were independent
of baseline albuminuria and eGFR levels, we further deter-
mined the C indices, NRI and IDI to examine the clinical
usefulness of employing circulating AFABP levels in
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participants with different levels of albuminuria at baseline. In
all participants, circulating AFABP levels provided significant
improvement in the prognostic performance for incident ad-
verse renal outcomes, as shown in the increments in C indices
(from 0.816 to 0.823, p = 0.0008), NRI (19%, 95% CI 13.1,

23.3; p < 0.001) and IDI (1.6%, 95% CI 0.9, 2.4; p < 0.001)
after the addition of circulating AFABP levels to the model
(Table 4). Remarkably, these significant improvements in C
indices, NRI and IDI were similar across participants with all
albuminuria categories from A1 to A3 at baseline.

Table 1 Baseline characteristics of study participants by serum AFABP levels in quartiles

Variable Quartile 1
M: <5.75
F: <10.3

Quartile 2
M: 5.75–9.49
F: 10.3–16.9

Quartile 3
M: 9.50–16.0
F: 17.0–29.3

Quartile 4
M: >16.0
F: >29.3

p for trend

N 1363 1362 1363 1366 –
Clinical characteristics

Age, years 58.5 ± 11.9 62.4 ± 12.1 65.0 ± 12.1 67.4 ± 12.5 <0.001
Ever smoker, % 31.4 33.6 35.2 35.4 0.016
Duration of diabetes, years 10.5 ± 7.81 11.0 ± 8.43 11.9 ± 8.81 13.4 ± 9.46 <0.001
BMI, kg/m2 23.8 ± 3.34 25.5 ± 3.78 26.6 ± 4.15 28.1 ± 4.91 <0.001
WC, cm

Men 85.2 ± 8.37 90.4 ± 9.44 93.4 ± 9.90 96.6 ± 11.7 <0.001
Women 80.7 ± 9.93 84.4 ± 10.3 87.4 ± 11.2 90.6 ± 11.7 <0.001

SBP, mmHg 131 ± 18.7 137 ± 19.5 141 ± 20.2 143 ± 20.9 <0.001
DBP, mmHg 75.5 ± 9.73 75.2 ± 10.0 74.4 ± 10.3 73.6 ± 11.1

Medical history
Hypertension, % 73.6 85.2 94.0 97.6 <0.001
Dyslipidaemia, % 85.8 92.4 94.1 95.0 <0.001
History of CV disease, % 25.8 33.3 38.2 40.0 <0.001

Laboratory values
HbA1c, mmol/mol 57.8 ± 14.4 59.1 ± 15.3 59.9 ± 15.3 62.0 ± 16.2 <0.001
HbA1c, % 7.44 ± 1.32 7.55 ± 1.31 7.63 ± 1.40 7.82 ± 1.48 <0.001
HDL-C, mmol/l 1.33 ± 0.39 1.23 ± 0.35 1.20 ± 0.36 1.15 ± 0.35 <0.001
LDL-C, mmol/l 2.40 ± 0.79 2.38 ± 0.78 2.27 ± 0.79 2.29 ± 0.82 <0.001
aTG, mmol/l 1.03 (0.78–1.46) 1.23 (0.90–1.72) 1.31 (0.96–1.84) 1.49 (1.09–2.05) <0.001
eGFR, ml min−1 [1.73 m]−2 90.8 ± 15.9 83.3 ± 17.8 73.5 ± 20.5 54.5 ± 24.9 <0.001
eGFR category, % <0.001

≥90 ml min−1 [1.73 m]−2 58.0 40.5 24.1 10.2
60–89 38.2 49.0 48.9 30.5
30–59 3.7 10.4 26.0 42.2
<30 0.1 0.1 1.0 17.1

Albuminuria category, % <0.001
A1 73.1 61.1 48.2 29.2
A2 22.0 28.7 34.7 33.2
A3 5.0 10.2 17.1 37.6

Use of medication, %
Metformin 83.2 83.8 79.7 57.2 <0.001
Sulfonylureas 45.6 48.8 51.8 45.9 0.496
Thiazolidinediones 0.4 1.1 1.1 2.4 <0.001
DPP4-inhibitors 9.3 8.8 11.4 12.0 0.004
Insulin 25.9 24.9 27.1 38.7 <0.001
ACEIs/ARBs 54.5 63.7 74.5 75.3 <0.001
Statin 38.5 50.8 58.0 62.5 <0.001
Aspirin 32.3 40.5 46.5 49.5 <0.001

Biomarkers
ahsCRP, nmol/l 6.03 (2.79–15.6) 9.76 (4.69–23.3) 11.7 (5.80–26.9) 18.0 (7.62–44.6) <0.001

Values are reported as mean ± SD or median with 25th–75th percentile in parentheses

Dyslipidaemia was defined as TG ≥1.69 mmol/l; HDL-C <1.04 mmol/l in men and <1.29 mmol/l in women; and LDL-C ≥2.6 mmol/l or on lipid-
lowering agents. Hypertension was defined as BP ≥140/90 mmHg or on anti-hypertensive medications. Albuminuria category was classified according
to urine albumin/creatinine ratio: A1 <3 mg/mmol; A2 3–30 mg/mmol; and A3 >30 mg/mmol
a Log2 transformed before analysis

CV, cardiovascular; DBP, diastolic BP; DPP4, dipeptidyl peptidase-4; F, female; M, male; SBP, systolic BP; TG, triacylglycerol
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Discussion

In this study, we have provided the novel observation that
serum AFABP level is independently associated with the de-
velopment of adverse renal outcomes in type 2 diabetes over a
median follow-up of 5 years, and have demonstrated the po-
tential of employing circulating AFABP levels as a useful

prognostic marker for disease progression across different
stages of DKD.

Both albuminuria and impaired eGFR are robust indepen-
dent predictors of ESRD and renal death [3, 29]. Nonetheless,
we found that the association between circulating AFABP
levels and adverse renal outcomes remained significant even
after adjusting for the baseline eGFR levels and albuminuria
status of the study participants. This was confirmed by further
analyses of participants stratified by their baseline albuminuria
status or eGFR categories, and of the subgroup of participants
with relatively well-preserved kidney function at baseline.
Moreover, the improvements in NRI and IDI as well as the
modest but significant increments in C indices were both ob-
served in participants with different levels of albuminuria,
including normoalbuminuria. The implications of these find-
ings were twofold. First, a good prognostic marker should
enable early risk stratification and, as a result, timely interven-
tion could be provided to prevent DKD progression. In this
regard, we have shown that circulating AFABP levels were
predictive of adverse renal outcomes over and above known
predictors of ESRD and renal deaths, even in participants with
eGFR ≥60 ml min−1 [1.73 m]−2 and normoalbuminuria. This
is particularly relevant as emerging evidence from both large-
scale observational and epidemiological studies have sug-
gested changes in the clinical manifestations of DKD, with
an increasing prevalence of impaired eGFRwithout accompa-
nying albuminuria being observed [1, 7]. Second, although
circulating AFABP levels were known to be higher in individ-
uals who were on chronic haemodialysis and in those with
chronic kidney disease and even acute renal dysfunction [22,
30], it was unlikely that the increased serum AFABP levels in
DKD simply reflect an impaired renal clearance because their
prognostic properties remained significant even after adjusting
for the baseline kidney function of the study participants.
Furthermore, despite the sexual dimorphism commonly found
in serum AFABP levels [12], we did not observe a significant
difference between the sexes in their associations with adverse
renal outcomes in the subgroup analysis.

Our findings also highlighted the role of inflammation,
among the multiple factors implicated, in the pathogenesis
of DKD [31]. A recent study based on the Action to Control
Cardiovascular Risk in Type 2 Diabetes (ACCORD) and
Veterans Affairs Nephropathy in Diabetes (VA-NEPHRON-
D) cohorts has also shown that the biomarkers of inflamma-
tion including tumour necrosis factor receptor (TNFR)-1,
TNFR-2, and kidney injury molecule-1 (KIM-1) were inde-
pendently associated with a higher risk of eGFR decline in
DKD [8]. Although AFABP was higher in obesity [12], in the
current study, neither BMI nor WC alone was independently
associated with adverse renal outcomes. Since AFABP is also
expressed inmacrophages [10] and macrophage accumulation
was observed in the glomeruli and interstitium of individuals
with diabetic nephropathy [32], we speculate that AFABP

Table 2 Multivariable Cox regression analysis showing the associa-
tions of baseline variables with incident adverse renal outcomes

Model Adjusted HR for AFABPa (95% CI) p value

Model 1 1.82 (1.56, 2.13) <0.001

Model 2 1.45 (1.32, 1.59) <0.001

Model 3 1.43 (1.31, 1.57) <0.001

Model 4 1.42 (1.30, 1.56) <0.001

N = 5454 participants in all four models

Model 1 included sex and age

Model 2 included sex, age, smoking, duration of diabetes, WC, interac-
tion term for sex and WC, systolic BP, history of cardiovascular disease,
HbA1c, triacylglycerol, LDL-C, eGFR, albuminuria categories, use of
ACEIs/ARBs, use of insulin, use of statin and use of aspirin at baseline

Model 3 included all variables in model 2 plus serum hsCRP levels at
baseline

Model 4 included a reduced model 3 by Akaike’s information criterion,
consisting of sex, age, smoking, WC, interaction term for sex and WC,
systolic BP, eGFR, albuminuria category, use of insulin, use of statin and
serum hsCRP levels at baseline

Albuminuria category was classified according to urine albumin/creati-
nine ratio: A1 <3 mg/mmol; A2 3–30 mg/mmol; and A3 >30 mg/mmol
a Log2 transformed before analysis

AFABP (ng/ml)
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Fig. 1 Adjusted cumulative incidence of adverse renal outcomes with
increasing quartiles of circulating AFABP levels. Adjusted p < 0.001.
Model was adjusted for sex, age, smoking, duration of diabetes, WC,
interaction term for sex and WC, systolic BP, history of cardiovascular
disease, HbA1c, triacylglycerol, LDL-C, eGFR, albuminuria categories,
use of ACEIs/ARBs, use of insulin, use of statin, use of aspirin, and serum
hsCRP at baseline (as in Model 3, see Table 2)
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might be related to the pathogenesis of DKD through ampli-
fication of the expression of proinflammatory cytokines early
in the course of diabetic nephropathy [33, 34]. Indeed, previ-
ous in vitro studies performed by our group had shown that
AFABP could form a positive feedback loop with JNK, syn-
ergistically perpetuating macrophage infiltration and adipose
tissue inflammation, leading to a heightened expression of
pro inf lammatory cytokines including monocyte
chemoattractant protein-1 (MCP-1), TNF-α and IL-6 [11].
The effect of AFABP administration on enhancing the

expression of these proinflammatory cytokines was also ob-
served in studies in vivo [35]. Moreover, our findings showed
that circulating AFABP levels remained independently asso-
ciated with adverse renal outcomes even after adjusting for
baseline serum hsCRP level, a well-established marker of sys-
temic inflammation; this result suggested that AFABP might
have an impact on DKD through pathways independent or
upstream of C-reactive protein, the hepatic synthesis of which
is induced by proinflammatory cytokines such as IL6 and
TNF-α in the liver [36]. Recently, AFABP expression was

Table 3 Subgroup analyses showing the associations of serum AFABP levels with incident adverse renal outcomes in study participants stratified by
their sex, baseline albuminuria status and eGFR categories

Variable No. of study
participants

Incidence, % Incidence, per 1000
person-years

Adjusted HR for
AFABPa (95% CI)

p value

All 5454 13.8 30.1 1.43 (1.31, 1.57) <0.001

Sex

Men 3170 13.7 29.7 1.50 (1.32, 1.70) <0.001

Women 2284 14.0 30.6 1.32 (1.15, 1.52) <0.001

BMI, kg/m2

≥27.5 1704 15.4 33.8 1.45 (1.23, 1.70) <0.001

<27.5 3750 13.1 28.5 1.44 (1.28, 1.62) <0.001

Albuminuria status

A1 2884 5.2 10.5 1.32 (1.07, 1.63) 0.009

A2 1616 12.3 27.0 1.43 (1.19, 1.71) <0.001

A3 954 42.7 132.9 1.43 (1.26, 1.63) <0.001

Baseline eGFR, ml min−1 [1.73 m]−2

eGFR≥60 4083 8.9 18.5 1.37 (1.19, 1.56) <0.001

eGFR<60 1371 28.4 72.3 1.29 (1.12, 1.50) <0.001

Baseline eGFR ≥60 ml min−1 [1.73 m]−2

with normoalbuminuria
2537 4.69 9.45 1.41 (1.12, 1.78) 0.004

Albuminuria category was classified according to urine albumin/creatinine ratio: A1 <3 mg/mmol; A2 3–30 mg/mmol; and A3 >30 mg/mmol

Model: Sex, age, smoking status, duration of diabetes, WC, interaction of sex with WC, systolic BP, triacylglycerol, LDL-C, history of cardiovascular
disease, HbA1c, eGFR, albuminuria category, use of ACEIs or ARBs, use of statin, use of aspirin, use of insulin, and serum hsCRP levels
a Log2 transformed before analysis; data presented as adjusted HR of log-transformed AFABP

Table 4 The prognostic performance of circulating AFABP levels for incident adverse outcomes as evaluated by C index, NRI and IDI

Variable No. of study
participants

C index NRI IDI

Model without circulating
AFABP levels (SE)

Model with circulating
AFABP levels (SE)

p value % (95% CI) p value % (95% CI) p value

Alla 5454 0.816 (0.011) 0.823 (0.0 11) 0.0008 19 (13.1, 23.3) <0.001 1.6 (0.9, 2.4) <0.001

A1 2884 0.724 (0.026) 0.737 (0.026) 0.0319 17.4 (4.9, 28.4) 0.032 0.7 (0.1, 2.8) 0.016

A2 1616 0.683 (0.023) 0.702 (0.023) 0.0133 13.9 (3.2, 23.8) 0.012 1.4 (0.4, 3.4) <0.001

A3 954 0.694 (0.016) 0.707 (0.016) 0.0327 24.7 (13.0, 33.0) <0.001 3.5 (1.4, 6.5) <0.001

Baseline albuminuria category was classified according to urine albumin/creatinine ratio: A1 <3 mg/mmol; A2 3–30 mg/mmol; and A3 >30 mg/mmol

Model consisted of sex, age, smoking status, duration of diabetes, WC, interaction term for sex and WC, systolic BP, triacylglycerol, LDL-C, history of
cardiovascular disease, HbA1c, eGFR; use of ACEIs or ARBs, statin, aspirin and insulin, hsCRP
aModel also included the albuminuria category in the analysis of all study participants

SE, standard error
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also observed in the glomeruli of individuals with DKD [37,
38]. Importantly, the increased expression of AFABP in glo-
merular mesangial cells was accompanied by the increased
expression of endoplasmic reticulum (ER) stress markers
78 kDa glucose-regulated protein (GRP78) and caspase-12,
and a decreased expression of B cell CLL/lymphoma 2
(Bcl2). In vitro studies by the same group also showed that
the inhibition of AFABP, either pharmacologically or geneti-
cally, attenuated non-esterified fatty acid- or high-glucose-
induced ER stress as well as ER stress-mediated apoptosis.
Although the extent to which this increased glomerular
AFABP expression relates to the elevated circulating levels
observed in our study requires further characterisation, find-
ings from these studies suggested that AFABP might also
mediate ER stress-induced glomerular cell apoptosis in
DKD [38].

The present study had several limitations. First, renal biop-
sy was not performed in the majority of participants in our
study cohort; hence, the histological diagnosis of DKD could
not be confirmed. Second, the majority of outcome events
were attributed to a 40% decline in eGFR, as our follow-up
duration was relatively short for the observation of ESRD and
renal deaths, therefore limiting further analyses on specific
adverse renal outcomes. Third, the inclusion of only Chinese
participants could limit the ability to generalise our findings.
Moreover, comparison between serumAFABP and other nov-
el renal biomarkers such as TNFR-1, TNFR-2 or KIM-1 was
not possible because these biomarkers were not measured in
our study. Last but not least, because of the cohort design, 24 h
urine collection for the documentation of renal clearance of
AFABP was not performed; hence, residual confounding
might still be possible. Nonetheless, the strengths of our study
include the large sample size of exclusively participants with
type 2 diabetes, the evaluation of albuminuria status with at
least two randomly collected urine samples to minimise mis-
classification, and the use of a clinically relevant composite
endpoint of adverse renal outcomes, the occurrence of which
had been shown to decrease with the use of sodium–glucose
cotransporter 2 inhibitors [27, 39].

To conclude, we have demonstrated the prognostic impor-
tance of circulating AFABP levels in the development of ad-
verse renal outcomes in type 2 diabetes, which was especially
useful among those with relatively well-preserved kidney
function and normoalbuminuria at baseline. However, further
studies are required to validate our findings. Over the years,
DKD has remained a devastating complication of type 2 dia-
betes, and until recently, therapeutics have been limited to
ACEIs or ARBs only. Furthermore, data from a US study
has shown that, despite the increased use of renin–angiotensin
system blockers in recent decades, there has been no signifi-
cant reduction in mortality due to renal causes in individuals
with diabetes, whose risk of dying from renal causes remains
threefold higher than those without diabetes [40]. Therefore,

the current study does not only present a novel marker poten-
tially useful for early risk stratification for DKD progression,
but also prompts further research to unravel the complex
pathogenesis of DKD, and to develop novel therapeutics that
improve the overall standards of care in type 2 diabetes.
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