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Background: Recent studies have demonstrated that the levels of adipocyte fatty acid-binding protein (A-FABP) are closely asso-
ciated with diabetic kidney disease (DKD) in patients with type 2 diabetes mellitus (T2DM). This study aimed to examine the as-
sociation between serum A-FABP level and rapid renal function decline in patients with T2DM and preserved renal function.
Methods: This was a prospective observational study of 452 patients with T2DM and preserved renal function who had serial 
measurements of estimated glomerular filtration rate (eGFR). Rapid renal function decline was defined as an eGFR decline of 
>4% per year. The association between baseline serum A-FABP level and rapid renal function decline was investigated. 
Results: Over a median follow-up of 7 years, 82 participants (18.1%) experienced rapid renal function decline. Median A-FABP 
levels were significantly higher in patients with rapid renal function decline, compared to non-decliners (20.2 ng/mL vs. 17.2 ng/
mL, P=0.005). A higher baseline level of A-FABP was associated with a greater risk of developing rapid renal function decline, in-
dependent of age, sex, duration of diabetes, body mass index, systolic blood pressure, history of cardiovascular disease, baseline 
eGFR, urine albumin creatinine ratio, total cholesterol, glycosylated hemoglobin, high-sensitivity C-reactive protein and use of 
thiazolidinedione, insulin, angiotensin-converting-enzyme inhibitors and angiotensin II-receptor blockers and statin (odds ra-
tio, 3.10; 95% confidence interval, 1.53 to 6.29; P=0.002).
Conclusion: A high level of serum A-FABP is associated with an increased risk of rapid renal function decline in patients with 
T2DM and preserved renal function. This suggests that A-FABP could play a role in the progression of DKD in the early stages.
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INTRODUCTION

The prevalence of diabetic kidney disease (DKD) continues to 
increase worldwide, leading to rising morbidity and premature 
mortality in patients with diabetes [1]. Despite significant ad-
vances in identifying new mechanisms for DKD over the years, 
factors contributing to the natural course or progression of 
DKD in people with type 2 diabetes mellitus (T2DM) have re-
mained unclear. DKD has been traditionally characterized by 

albuminuria, followed by reduced glomerular filtration rate 
(GFR) [2]. However, recent studies on T2DM have shown that 
subjects can also develop non-albuminuric renal insufficiency, 
suggesting that albuminuria is not a prerequisite for the devel-
opment of DKD [3,4].

The Joslin Kidney Study in patients with type 1 diabetes mel-
litus explored the trajectories of estimated glomerular filtration 
rate (eGFR) decline over the years and found that most pa-
tients had a linear eGFR decline. There was a subset of patients 
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who developed early rapid renal function decline, which oc-
curred when they had normal renal function, and the decline 
in eGFR continued until they reached end stage renal disease 
(ESRD) [5]. It was suggested that rapid renal function decline 
is another strong predictor of progression to ESRD [5,6]. Simi-
larly, studies in patients with T2DM also showed that most pa-
tients have a linear eGFR decline starting at an early stage and 
the slope varies substantially among patients [4,7,8]. Similarly, 
patients with T2DM also had a subgroup of patients who had 
steeper renal function decline [9], which predicted ESRD and 
premature mortality [10]; however, the definitions of rapid de-
cline were not uniform among these studies [6,11]. Clinical 
factors associated with rapid renal function decline in patients 
with T2DM have been explored in several studies, but the find-
ings were inconsistent [12].

Adipocyte fatty acid-binding protein (A-FABP) is an adipo-
kine that is preferentially expressed in adipocytes [13]. Recent 
studies in animal models have demonstrated that circulating 
A-FABP is associated with glucose homeostasis via direct in-
duction of insulin resistance [14]. Moreover, several human 
studies have demonstrated that serum A-FABP levels predict 
the development of metabolic syndrome, T2DM, carotid ath-
erosclerosis, and nonalcoholic fatty liver disease [15-17]. 
Cross-sectional studies in patients with T2DM have suggested 
that an association exists between serum A-FABP levels and 
DKD. Serum A-FABP levels were reported to have a negative 
correlation with eGFR but a positive correlation with microal-
buminuria [18-20]. Furthermore, a recent prospective study in 
patients with T2DM demonstrated that higher levels of A-
FABP independently predicted adverse renal outcomes [21]. 
However, to our knowledge, the role of the level of circulating 
A-FABP in significant renal function decline in patients with 
T2DM and preserved renal function has not yet been elucidat-
ed. Therefore, we performed this prospective study to evaluate 
whether baseline serum A-FABP levels were independently as-
sociated with the development of rapid renal function decline 
in patients with T2DM and preserved renal function. Other 
relevant adipokines and cytokines, including pentraxin-3 
(PTX3), were also examined. 

METHODS

Study population
The study population consisted of 452 subjects with T2DM and 
preserved renal function, defined by eGFR ≥60 mL/min/1.72 m2. 

The patients were recruited from the outpatient clinic of the Di-
abetes Center of Inha University Hospital in Incheon, Korea 
from March 2007 to December 2009. The inclusion criteria were; 
patients older than 20 years of age, diagnosed with T2DM based 
on the American Diabetes Association criteria [22], and/or be-
ing treated with oral hypoglycemic agents or insulin or lifestyle 
modification for known T2DM. The exclusion criteria were: 
patients with congestive heart failure, severe infection, uncon-
trolled hypertension, severe dyslipidemia (total cholesterol 
>400 mg/dL), a medical condition requiring active manage-
ment, diabetes duration <1 year, or an eGFR <60 mL/min/ 
1.73 m2 and <4 annual GFR measurements during the follow-
up. The study protocol was approved by the Institutional Re-
view Board of Inha University Hospital, and all participants 
provided written informed consent prior to participation (IRB 
No. 2006-67).

Demographic, physical, and laboratory measurements 
During interviews, trained personnel obtained medical history 
information from all patients. Height and weight were mea-
sured to the nearest 0.1 cm and 0.1 kg, respectively. Body mass 
index (BMI) was defined as weight (kg) divided by height (m) 
squared. Waist circumference was measured at the midpoint 
between the lower borders of the rib cage and the iliac crest. 
Blood pressure (BP) was measured after the subject had rested 
for at least 10 minutes in a sitting position. Diabetic retinopa-
thy was diagnosed based on funduscopic examinations. Hy-
pertension was defined as BP ≥140/90 mm Hg or treatment 
with any antihypertensive drug. Cardiovascular disease (CVD) 
was defined as the presence of ischemic heart disease, includ-
ing stable angina, acute coronary syndrome, and myocardial 
infarction with ST-segment elevation. 

Blood samples were collected after an overnight fast of at 
least 10 hours and stored at –70°C until subsequent assays. 
Laboratory measurements, including fasting serum glucose, 
lipid subfractions, glycosylated hemoglobin (HbA1c), and 75 g 
oral glucose tolerance testing were conducted in a fasted state. 
The level of high-sensitivity C-reactive protein (hs-CRP) was 
measured using a particle-enhanced immunoturbidimetric as-
say (Hitachi High-Technologies Corp., Tokyo, Japan). Homeo-
stasis model assessment of insulin resistance (HOMA-IR) lev-
els were calculated by dividing the product of insulin (mi-
crounits per milliliter) and glucose (millimoles per liter) con-
centrations by 22.5 [23]. A random urine sample was obtained 
for albumin creatinine ratio (ACR) measurements. Albumin-
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uria was classified into three stages: normoalbuminuria was 
defined as spot urine ACR (UACR) <30 μg/mg Cr, microalbu-
minuria as UACR ≥30 μg/mg Cr and <299 μg/mg Cr, and 
macroalbuminuria as UACR ≥300 μg/mg Cr [24].

Renal function measurement
The eGFR values were calculated using the Chronic Kidney 
Disease Epidemiology Collaboration (CKD-EPI) creatinine 
equation [25], as follows: eGFR=141×min (Scr/κ, 1)α×max 
(Scr/κ, 1)−1.209×0.993Age×1.018 (if female); where, Scr is serum 
creatinine in mg/dL, κ is 0.7 for females and 0.9 for males, α is 
−0.329 for females and −0.411 for males, min is the minimum 
value of Scr/κ or 1, and max is the maximum value of Scr/κ or 
1. Annual eGFR decline was calculated as follows; for each pa-
tient, a linear regression model of time on eGFR (least-squares 
method) was fitted, and the slope of the regression line was 
used to estimate the changes in patient’s eGFR over time. The 
eGFR slope was expressed as a percentage per year by dividing 
the slope with the baseline eGFR value [11]. Rapid renal func-
tion decline was defined as eGFR decline >4% per year, in ac-
cordance with previous studies [11]; this threshold represents 
an eGFR loss ≥3 mL/min/1.73 m2 per year, which is the cutoff 
value for representing a magnitude of change that is three 
times the rate of normal aging [26].

Measurement of cytokine levels
Enzyme-linked immunosorbent assays (ELISAs) were used to 
measure the serum concentration of A-FABP (Biovendor Lab-
oratory Medicine, Modrice, Czech Republic), total adiponectin 
and high molecular weight (HMW) adiponectin (ALPCO Di-
agnostics, Salem, NH, USA), tumor necrosis factor-α (TNF- 
α), interleukin 6 (IL-6), and PTX3 (R&D Systems, Minneapo-
lis, MN, USA). The intra- and inter-assay coefficients of varia-
tion (%) were 2.5% and 6.1% for A-FABP, 5.3% and 5.0% for 
total adiponectin, 3.3% and 5.7% for HMW adiponectin, 3.1% 
and 7.4% for TNF-α, 6.9% and 6.5% for IL-6, and 7.3% and 
3.4% for PTX3.

Statistical analysis 
Data are presented as the mean±standard deviation, median 
(interquartile range [IQR]), or as numbers (percentages). Base-
line characteristics of the participants were compared using 
Student’s t test or Wilcoxon rank-sum test for continuous vari-
ables and Pearson’s chi-square test for categorical variables, as 
appropriate. Correlations between annual renal function de-

cline (%) and serum levels of various cytokines or adipokines 
after adjustment for age, sex, BMI, HbA1c, and baseline eGFR 
were analyzed using the partial Spearman correlation analysis. 
To evaluate the difference in clinical characteristics based on 
the A-FABP tertiles, the cutoff level for each tertile was calcu-
lated separately for men and women because A-FABP levels 
differ significantly by sex. P for trend was calculated using a 
contrast to test for linear trends in continuous variables and 
the Cochran-Armitage test for categorical variables. 

Multivariable logistic regression models were built to test 
our hypothesis that high serum A-FABP level at baseline might 
be an independent risk factor for rapid renal function decline. 
The fully adjusted model included clinical risk factors, such as 
age, sex, duration of diabetes, BMI, systolic blood pressure 
(SBP), history of cardiovascular disease, baseline eGFR, UACR, 
total cholesterol, HbA1c, hs-CRP and use of thiazolidinedione, 
insulin, angiotensin-converting-enzyme inhibitors and angio-
tensin II-receptor blockers and statin. All analyses were done 
with 95% confidence interval (CI), and the level of significance 
was determined at P<0.05. Statistical analysis was performed 
with SPSS version 19.0 statistical package software (IBM Corp., 
Armonk, NY, USA).

RESULTS

Baseline characteristics of study participants
The mean age of the participants was 52.6±9.2 years, 69.2% of 
them were men, mean duration of diabetes was 5.6±5.1 years, 
mean HbA1c was 7.9%±1.7%, and baseline eGFR was 85.8± 
14.9 mL/min/1.73 m2. Of all the participants, 314 (69.5%) had 
normoalbuminuria, 114 (25.2%) had microalbuminuria, and 
11 (2.4%) had macroalbuminuria. In total, 181 (40.0%) partici-
pants had hypertension and 17 (3.8%) had previous history of 
CVD. During a median follow-up of 7 years (range, 3 to 9 
years), all the patients had at least four annual measurements 
of eGFR. Median annual eGFR decline (%) of the whole cohort 
was –2.0% per year. During the follow-up period, 82 patients 
(18.1%) developed rapid renal function decline (rapid declin-
ers). Median annual eGFR decline (%) was –5.8% per year in 
rapid decliners and –0.9% per year in non-decliners (P<0.001). 
Three patients developed ESRD at the end of the follow-up.

Baseline characteristics of rapid decliners (n=82) and non-
decliners (n=370) are summarized in Table 1. Rapid decliners 
were significantly older and had higher levels of baseline eGFR 
and total cholesterol. No difference was noted in UACR at 
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Table 1. Baseline characteristics of the study population according to the presence of rapid renal function decline

Characteristic All (n=452) Non-decliners (n=370) Rapid decliners (n=82) P value

Age, yr 52.6±9.2 51.8±9.1 55.9±9.3 <0.001
Male sex 313 (69.2) 255 (68.9) 58 (70.7) 0.850
Diabetes duration, yr 5.6±5.1  5.4±4.9  6.4±5.8 0.171
BMI, kg/m2 25.5±3.1 25.5±3.2 25.6±2.8 0.809
WC, cm 88.3±7.5 88.2±7.6 88.3±7.1 0.902
SBP, mm Hg 124.5±14.1 124.1±13.6 126.4±16.2 0.253
DBP, mm Hg 77.5±10.0 77.5±9.9 77.6±10.6 0.893
Hypertension 181 (40.0) 148 (40.3) 33 (40.2) 1.000
Dyslipidemia 128 (28.3) 107 (29.5) 21 (25.6) 0.573
CVD 17 (3.8) 16 (6.6) 1 (1.8) 0.279
Diabetic retinopathy 11 (2.4) 10 (4.2) 2 (3.9) 0.896
HbA1c, % 7.9±1.7  7.9±1.7  7.9±1.5 0.828
FPG, mg/dL 150.0±48.6 151.5±49.8 143.7±42.3 0.189
PP2 glucose, mg/dL 279.6±99.4 281.9±100.2 269.2±95.9 0.434
HOMA-IR, unit 2.9 (1.6 to 4.4)  2.7 (1.6 to 4.4)  2.9 (2.0 to 4.1) 0.537
Total cholesterol, mg/dL 184.6±40.2 182.0±38.6 196.4±44.9 0.003
Triglyceride, mg/dL 168.6±114.5 168.1±112.0 170.8±125.6 0.847
HDL-C, mg/dL 47.1±10.3 46.8±10.0 48.1±11.8 0.349
LDL-C, mg/dL 121.7±36.5 120.3±35.1 127.8±41.6 0.135
hs-CRP, mg/dL 0.09 (0.05 to 0.19)  0.1 (0.1 to 0.2)  0.1 (0.1 to 0.2) 0.953
Albuminuria 0.400
   Normoalbuminuria 314 (69.5) 252 (70.6) 62 (75.6)
   Microalbuminuria 114 (25.2) 97 (27.2) 17 (20.7)
   Macroalbuminuria 11 (2.4) 8 (2.2) 3 (3.7)
UACR, mg/g 17.0 (9.7 to 37) 18.0 (10.0 to 38.0) 15.2 (8.9 to 29.0) 0.164
eGFR, mL/min/1.73 m2 85.8±14.9 84.8±14.9 90.2±14.2 0.003
eGFR slope, %/yr –2.0 (–3.5 to –0.6) –0.9±1.9 –5.8±2.9 <0.001
Diabetes medications
   Metformin 330 (73.0) 238 (71.9) 92 (78.0) 0.246
   Sulfonylurea 207 (45.8) 267 (72.8) 63 (76.8) 0.537
   TZD 56 (12.4) 169 (46.0) 38 (46.3) 1.000
   Insulin 62 (13.7) 50 (13.6) 6 (7.3) 0.168
Use of statin 148 (32.7) 96 (31.0) 52 (37.7) 0.198
Use of ACEi/ARB 176 (38.9) 50 (13.6) 12 (14.6) 0.950
A-FABP, µg/L 17.72 (11.88 to 25.51) 17.2 (11.2 to 24.1) 20.2 (14.1 to 29.9) 0.005
   Men 15.81 (10.82 to 21.40)a 15.2 (10.5 to 21.1) 17.5 (12.2 to 24.4) 0.037
   Women 23.11 (15.72 to 33.09)a 22.1 (15.3 to 30.8) 31.5 (20.7 to 50.7) 0.007
Total adiponectin, µg/mL 3.9 (2.8 to 6.0)  3.9 (2.8 to 6.1)  3.9 (2.8 to 6.3) 0.876
HMW adiponectin, µg/mL 1.2 (0.6 to 2.4)  1.3 (0.6 to 2.4)  1.3 (0.6 to 2.6) 0.809
Interleukin-6, pg/mL 0.9 (0.5 to 1.5)  0.9 (0.5 to 1.5)  0.9 (0.7 to 1.3) 0.179

(Continued to the next page)
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baseline between the groups. The majority of the rapid declin-
ers had normoalbuminuria at baseline (75.6%), which was 
comparable with that of the non-decliners (70.6%). 

Levels of serum A-FABP and other cytokines according to 
the presence of rapid renal function decline
Baseline median serum A-FABP levels were significantly high-
er in rapid decliners compared to non-decliners (20.2 µg/L vs. 
17.2 µg/L, P=0.005) (Table 1, Fig. 1B). When stratified for sex, 
similar findings were noted for both men and women (Table 
1). Serum A-FABP levels were significantly higher in women 
than in men (23.1 µg/L vs. 15.8 µg/L, P<0.001) (Fig. 1A). Con-
sistent with previous reports [12,13], patients with micro or 
macroalbuminuria had significantly higher median serum A-
FABP concentrations than those with normoalbuminuria (19.5 
µg/L vs. 16.6 µg/L, P=0.042) (Fig. 1C). Median serum levels of 
total adiponectin, HMW, IL-6, TNF-α, and PTX3 showed no 
difference between rapid decliners and non-decliners. 

Table 1. Continued

Characteristic All (n=452) Non-decliners (n=370) Rapid decliners (n=82) P value

TNF-α, pg/mL 1.2 (0.8 to 2.0)  1.3 (0.8 to 2.0)  1.2 (0.8 to 2.1) 0.480

PTX3, ng/mL 1.3 (0.8 to 2.1)  1.2 (0.8 to 2.2)  1.4 (0.9 to 2.1) 0.237

Values are presented as mean±standard deviation, number (%), or median (interquartile range). P values refer to the unpaired t test or the chi-
square test (for categorical variables) between non-decliners and rapid decliners. 
BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; CVD, cardiovascular disease; 
HbA1c, glycosylated hemoglobin; FPG, fasting plasma glucose; PP2, 2-hour postprandial; HOMA-IR, homeostatic model assessment of insulin 
resistance; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive pro-
tein; UACR, urine albumin creatinine ratio; eGFR, estimated glomerular filtration rate; TZD, thiazolidinedione; ACEi, angiotensin-converting-
enzyme inhibitor; ARB, angiotensin II-receptor blocker; A-FABP, adipocyte fatty acid-binding protein; HMW, high molecular weight adiponec-
tin; TNF-α, tumor necrosis factor-α; PTX3, pentraxin-3.
aP<0.001 for A-FABP for men vs. women.

Fig. 1. Comparison of plasma adipocyte fatty acid–binding protein (A-FABP) levels (µg/L) based on sex (A), the presence of rapid 
renal function decline (B), or albuminuria (C). The bottom of the box plots indicates the 25th percentile and the top indicates the 
75th percentile. The middle line of the box indicates the median. The lower and the upper ends of the whiskers indicate the mini-
mum and the maximum observations below the upper fence (1.5 interquartile range above the 75th percentile), respectively.  
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Table 2. Association between annual renal function decline 
(%) and cytokines

Variable
Unadjusted Adjusteda

r P value r P value

A-FABP, µg/L –0.055 0.24 –0.150 0.005

hs-CRP, mg/dL –0.013 0.78 0.001 0.99

Fibrinogen, mg/dL –0.064 0.23 –0.046 0.39

Total adiponectin, µg/mL –0.023 0.63 0.071 0.19

HMW adiponectin, µg/mL –0.039 0.40 0.055 0.31

Interleukin-6, pg/mL –0.043 0.36 0.051 0.35

TNF-α, pg/mL 0.037 0.43 –0.045 0.40

PTX3, ng/mL –0.042 0.37 –0.070 0.19

A-FABP, adipocyte fatty acid-binding protein; hs-CRP, high-sensitivi-
ty C-reactive protein; HMW, high molecular weight adiponectin; 
TNF-α, tumor necrosis factor-α; PTX3, pentraxin-3.
aPartial Spearman’s correlation coefficients (r) are presented after ad-
justment for age, sex, body mass index, glycosylated hemoglobin, and 
baseline estimated glomerular filtration rate.



Seo DH, et al.

880 Diabetes Metab J 2020;44:875-886 https://e-dmj.org

Table 3. Characteristics according to A-FABP tertile levels

Characteristic
Tertiles of A-FABP levels, µg/L

P for trend1 (<12.25 [men], 
<18.68 [women])

2 (12.25–19.44 [men], 
18.68–30.13 [women])

3 (>19.44 [men], 
>30.13[women])

Age, yr 51.2±8.0 52.4±8.9 54.1±10.5 0.005
Diabetes duration, yr 4.8±4.6 5.2±4.7 6.8±5.6 <0.001
BMI, kg/m2 25.7±3.2 25.3±2.8 25.5±3.4 0.50
WC, cm 88.5 ±7.8 87.6±6.8 88.6±7.8 0.97
WHR 0.9±0.0 0.9±0.0 0.9±0.1 0.65
SBP, mm Hg 125.4±14.2 124.8±14.1 123.5±14.2 0.23
DBP, mm Hg 78.5±9.7 77.3±10.3 76.7±9.9 0.12
Hypertension 60 (40.3) 52 (34.7) 69 (46.0) 0.14
Dyslipidemia 43 (29.3) 41 (27.5) 44 (29.5) 0.92
CVD 5 (5.1) 4 (3.9) 8 (8.2) 0.39
Diabetic retinopathy 32 (25.2) 30 (24.2) 34 (27.1) 0.58
HbA1c, % 7.8±1.5 8.1±1.7 7.9±1.7 0.50
FPG, mg/dL 148.8±46.6 151.9±51.1 149.4±48.1 0.92
PP2 glucose, mg/dL 284.0±99.7 272.4±97.7 282.4±101.4 0.93
HOMA-IR, unit 2.4 (1.5 to 4.0) 3.0 (1.9 to 4.7) 2.6 (1.8 to 4.5) 0.79
Total cholesterol, mg/dL 181.5±42.3 190.1±41.2 182.3±36.3 0.88
Triglyceride, mg/dL 169.9±120.7 161.4±95.4 174.7±125.6 0.72
HDL-C, mg/dL 47.8±10.7 46.6±10.4 46.8±9.9 0.39
LDL-C, mg/dL 118.6±38.9 126.3±34.3 120.1±35.8 0.71
hs-CRP, mg/dL 0.08 (0.04 to 0.18) 0.10 (0.05 to 0.19) 0.10 (0.06 to 0.22) 0.08
eGFR, mL/min/1.73 m2 87.1±15.3 86.6±14.7 83.6±14.6 0.04
eGFR slope, %/yr –1.5 (–2.8 to 0.0) –2.0 (–3.3 to –0.5) –2.1 (–4.0 to –0.4) 0.03
UACR, mg/g 20.0 (9.1 to 32.5) 14.0 (8.2 to 30.0) 19.4 (11.6 to 38.6) 0.46
Albuminuria 0.35
   Normoalbuminuria 107 (74.3) 109 (74.1) 98 (66.2)
   Microalbuminuria 34 (23.6) 36 (24.5) 44 (29.7)
   Macroalbuminuria 3 (2.1) 2 (1.4) 6 (4.1)
Rapid renal function decliners 19 (12.7) 25 (16.6) 38 (25.2) 0.016
Diabetes medications
   Metformin 107 (71.8) 107 (71.3) 116 (77.3) 0.43
   Sulfonylurea 65 (43.6) 73 (48.7) 69 (46.0) 0.68
   TZD 22 (14.8) 19 (12.7) 15 (10.0) 0.46
   Insulin 17 (11.4) 20 (13.3) 25 (16.7) 0.41
Use of ACEi/ARB 64 (43.0) 47 (31.3) 65 (43.3) 0.05
A-FABP, µg/L 9.84 (8.42 to 11.85) 17.32 (14.36 to 20.45) 30.36 (22.07 to 38.90) < 0.001
Total adiponectin, µg/mL 3.89 (2.84 to 6.17) 3.68 (2.72 to 5.55) 3.94 (2.99 to 6.12) 0.45
HMW adiponectin, µg/mL 1.29 (0.59 to 2.59) 1.22 (0.60 to 2.39) 1.35 (0.67 to 2.66) 0.87

Interleukin-6, pg/mL 0.87 (0.54 to 1.53) 0.93 (0.57 to 1.47) 0.87 (0.59 to 1.42) 1.00

(Continued to the next page)
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Correlation between annual renal decline (%) and serum 
level of A-FABP and other adipocytokines
As shown in Table 2, partial Spearman’s correlation analyses 
was performed to investigate the correlations between annual 
renal function decline (%) and serum levels of adipokines or 
cytokines after adjusting for clinical risk factors, including age, 
sex, BMI, HbA1c, and baseline eGFR. Serum A-FABP showed 
a negative correlation with annual renal function decline (%) 
(r=–0.150, P=0.005). No significant correlation was observed 
between annual renal function decline (%) and other adipo-
kines or cytokines.

Independent association between serum A-FABP level and 
rapid renal function decline
To assess the characteristics of the patients according to the A-
FABP levels, the participants were subgrouped into tertiles 
based on serum A-FABP levels. The incidence of rapid renal 
function decline in the lowest (T1) to highest (T3) A-FABP 
tertiles was 12.7%, 16.6%, and 25.2%, respectively (Ptrend 0.016) 

(Table 3). Participants in the higher tertiles were older, had a 
longer duration of diabetes, lower baseline eGFR, and faster 
eGFR decline per year (%), but no differences were found in 
baseline UACR. However, the A-FABP level was not signifi-
cantly associated with other inflammatory markers. Multivari-
able logistic regression analysis showed that baseline serum A-
FABP level was independently associated with a greater risk of 
rapid renal function decline (Model 1; odds ratio [OR] , 1.81; 
95% CI, 1.17 to 2.80) after adjustment for age (Table 4). This 
association remained significant after further adjustment for 
other factors, including sex, duration of diabetes, BMI, SBP, 
history of cardiovascular disease, baseline eGFR, UACR, total 
cholesterol, glycosylated hemoglobin, hs-CRP and use of thia-
zolidinedione, insulin, angiotensin-converting-enzyme inhibi-
tors and angiotensin II-receptor blockers and statin (OR, 3.10; 
95% CI, 1.53 to 6.29; P=0.002). When the analysis was strati-
fied by sex, this association remained robust in both men and 
women (OR, 2.65; 95% CI, 1.10 to 6.38 and OR, 5.65; 95% CI, 
1.17 to 27.19 for males and females, respectively) (Table 4). 

Characteristic
Tertiles of A-FABP levels, µg/L

P for trend1 (<12.25 [men], 
<18.68 [women])

2 (12.25–19.44 [men], 
18.68–30.13 [women])

3 (>19.44 [men], 
>30.13[women])

TNF-α, pg/mL 1.31 (0.87 to 2.07) 1.28 (0.83 to 1.94) 1.21 (0.76 to 2.16) 0.57

PTX3, ng/mL 1.31 (0.62 to 2.24) 1.22 (0.79 to 2.20) 1.37 (0.91 to 2.13) 0.25

Values are presented as mean±standard deviation, number (%), median (interquartile range).
A-FABP, adipocyte fatty acid-binding protein; BMI, body mass index; WC, waist circumference; WHR, waist hip ratio; SBP, systolic blood pres-
sure; DBP, diastolic blood pressure; CVD, cardiovascular disease; HbA1c, glycosylated hemoglobin; FPG, fasting plasma glucose; PP2, 2-hour 
post prandial; HOMA-IR, homeostatic model assessment of insulin resistance; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-densi-
ty lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; eGFR, estimated glomerular filtration rate; UACR, urine albumin creati-
nine ratio; TZD, thiazolidinedione; ACEi, angiotensin-converting-enzyme inhibitor; ARB, angiotensin II-receptor blocker; HMW, high molec-
ular weight adiponectin; TNF-α, tumor necrosis factor-α; PTX3, pentraxin-3.

Table 3. Continued

Table 4. OR for rapid renal function decline conferred to the A-FABP levels

Variable
All Male Female

ORa (95% CI) P value ORa (95% CI) P value ORa (95% CI) P value

Model 1 1.81 (1.17–2.80) 0.002 1.68 (0.97–2.91) 0.063 3.27 (1.31–8.15) 0.011

Model 2 3.04 (1.53–6.06) 0.002 2.51 (1.08–5.86) 0.033 5.63 (1.33–23.88) 0.019

Model 3 3.10 (1.53–6.29) 0.002 2.65 (1.10–6.38) 0.030 5.65 (1.17–27.19) 0.031

All models were constructed by the logistic regression analysis. Model 1: adjusted for age. Model 2: model 1+adjustments for sex, duration of di-
abetes, body mass index, systolic blood pressure, history of cardiovascular disease, baseline estimated glomerular filtration rate, log urine albu-
min creatinine ratio, total cholesterol, glycosylated hemoglobin, and log high-sensitivity C-reactive protein. Model 3: model 2+adjustment for 
use of thiazolidinedione, insulin, angiotensin-converting-enzyme inhibitor/angiotensin II-receptor blocker and statin.
OR, odds ratio; A-FABP, adipocyte fatty acid-binding protein; CI, confidence interval. 
aValues are presented adjusted OR of log-transformed A-FABP.
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DISCUSSION

In this prospective study of patients with T2DM and preserved 
renal function, we demonstrated that the baseline serum A-
FABP level was independently associated with the develop-
ment of early rapid renal function decline during 7 years of fol-
low-up. Higher baseline serum A-FABP level was associated 
with a greater risk of developing rapid renal function decline in 
patients with T2DM and preserved renal function, indepen-
dent of other clinical risk factors. 

A few studies have demonstrated that there is an indepen-
dent association between A-FABP and diabetic nephropathy 
[18-20]. However, most of these published studies are limited 
by small sample sizes and cross-sectional settings. A prospec-
tive study by the Hong Kong West Diabetes Registry was pub-
lished while our manuscript was in preparation and showed 
that the level of circulating A-FABP was independently associ-
ated with the development of adverse renal outcomes in pa-
tients with T2DM, suggesting a significant role of serum A-
FABP in DKD as seen in our study [21]. In the present study, 
we found that a higher baseline serum A-FABP level was inde-
pendently associated with the development of early rapid renal 
function decline in individuals with T2DM and preserved re-
nal function. As filtration through the kidneys is an important 
route of A-FABP clearance [27], we exclusively enrolled indi-
viduals with preserved renal function whereas other studies 
had also included participants with impaired renal function. 
Consistent with the results of previous studies on rapid renal 
function decline in patients with T2DM [7,11], the overall in-
cidence of rapid renal function decline in the current study 
was 18.1% during the median follow-up of 7 years. Patients in 
the highest and lowest A-FABP tertiles had incidence rates of 
25.2% and 16.6%, respectively. 

Serum A-FABP levels were significantly higher in females 
than in males as previously reported [16,28]. Although the rea-
son for this difference is not clearly understood it has been 
speculated that sex hormones, especially androgen, play criti-
cal roles in the production and distribution of body fat [29], 
which regulates circulating A-FABP levels [30]. When analysis 
was done separately for males and females, serum levels of cir-
culating A-FABP remained independently associated with rap-
id renal function decline in both males and females. 

Although the exact mechanisms underlying rapid renal 
function decline are unknown, our findings may implicate the 
potential role of A-FABP in the development and progression 

of DKD, especially in the early stages. While the Hong Kong 
study examined the association between baseline serum A-
FABP level and hard renal outcomes such as a sustained 40% 
decline in eGFR, ESRD requiring renal replacement therapy or 
kidney transplantation, or death from renal causes [21], the 
primary endpoint in the present study was early rapid renal 
function decline, an outcome that can more sensitively identify 
patients that are at high risk during the early stages. Early rapid 
renal function decline is considered a unidirectional process 
that occurs while patients have normal kidney function and 
steadily progresses to ESRD [5]; yet, there is no effective prog-
nostic tool or marker that identifies rapid decliners in clinical 
settings. While both albuminuria and reduced eGFR are inde-
pendent risk factors of ESRD [31], they are of little value to 
distinguish non-decliners from rapid decliners during the early 
stages. Conversely, this study demonstrated the potential im-
plication of serum A-FABP as a clinical marker for identifying 
rapid decliners among patients with T2DM and normal kidney 
function. It is particularly relevant, as, at present, a good prog-
nostic test to identify rapid decliners while they have normal 
renal function is not available. Furthermore, there is emerging 
evidence suggesting an increase in the prevalence of DKD 
without accompanying albuminuria [3], and our study dem-
onstrated that baseline serum A-FABP was significantly associ-
ated with rapid renal function decline even after adjustment 
for baseline UACR. Collectively, these findings provide further 
evidence for the potential role of A-FABP in the pathogenesis 
of DKD during the earlier stages when no clinical manifesta-
tion is present.

Although the exact role of A-FABP in the pathogenesis of 
rapid renal function decline is not fully understood and is be-
yond the scope of the current study, there may be a few possi-
ble mechanisms. Previous animal studies on A-FABP−/− mice 
showed that they were protected from the development of 
obesity-induced insulin resistance and diet-induced athero-
sclerosis [32], and mice treated with an A-FABP inhibitor 
demonstrated improvement in metabolic profiles as well as 
marked reduction in atherosclerotic lesions [33]. Similar find-
ings were also noted in humans; where, increased A-FABP 
synthesis in atherosclerotic plaques was associated with disease 
severity [32]. As atherosclerosis plays a critical role in the de-
velopment of early DKD [34], A-FABP may promote athero-
sclerotic disease, which, in turn, can lead to rapid renal func-
tion decline in patients with T2DM. These findings are further 
supported by our recent study in patients with T2DM and pre-
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served renal function; where, there was a strong association 
between carotid atherosclerosis and rapid renal function de-
cline [35]. 

Secondly, increased levels of A-FABP may be an indicator of 
the abnormal angiogenesis that is involved in the pathogenesis 
of the early stages of DKD. A-FABP has been primarily regard-
ed as an adipocyte and macrophage-specific intracellular lipid-
binding protein [36]. However, recent studies have demon-
strated that A-FABP is also expressed in microvascular endo-
thelial cells, including peritubular capillaries of the kidney, in 
an angiogenesis-dependent manner in both mice and humans 
[36]. Previous studies on DKD indicated that abnormal angio-
genesis is involved in the development of diabetic nephropa-
thy, which is triggered by high glucose levels as well as glomer-
ular hypertension [37]. Additionally, upregulation of vascular 
endothelial growth factor expression was also observed, which 
acts as a mediator of abnormal angiogenesis in diabetic ne-
phropathy as well as a regulator of A-FABP in endothelial cells 
[36,37]. Thus, an elevated serum A-FABP level at baseline may 
indicate the increased expression of A-FABP in the renal tu-
bules as well as endothelial cells of tubular capillaries, suggest-
ing that abnormal angiogenesis and accumulation of macro-
phages and proinflammatory cytokines occur in the kidneys 
prior to the impairment of renal function. Accordingly, mea-
suring serum A-FABP levels may offer additive information to 
identify the patients at risk of developing early DKD.

Increasing evidence also points to the critical roles of proin-
flammatory cytokines in the development and progression of 
DKD. Longitudinal studies have shown a positive relationship 
between hs-CRP, TNF-α, IL-6, and progression of DKD, which 
is often correlated with albuminuria [38,39]. Another study 
also demonstrated that both serum and urinary TNF-α levels 
were increased in diabetic patients with albuminuria, but no 
correlation was found in patients with normoalbuminuria 
[40]. Urine concentrations of cytokines, such as IL-6, were re-
ported to be markedly elevated in rapid renal function declin-
ers with albuminuria [5]. However, in the present study, no 
significant association was observed between baseline levels of 
inflammatory cytokines and rapid renal function decline; this 
may be due to differences in the study population, study end-
points, and ethnicity. In fact, the majority of the subjects in our 
study had normoalbuminuria at baseline (69.5%) and the pro-
portion of subjects with normoalbuminuria was similar be-
tween rapid decliners and non-decliners. Regarding PTX3, a 
vascular inflammatory marker, inconsistent results have been 

observed in patients with DKD [41]. In our study, no associa-
tion was found between PTX3 levels and rapid renal function 
decline.

The strength of this study includes the prospective design 
with serial measurements of kidney function to accurately esti-
mate the annual eGFR decline and examine the association be-
tween rapid renal function decline and adipokines. We also 
confined the subjects to those with preserved renal function to 
assess the association between baseline serum A-FABP levels 
and early progressive renal disease. Moreover, our cohort con-
sists of a large number of participants from a homogeneous 
population and the follow-up period was 7 years. We also mea-
sured other proinflammatory cytokines and adipokines along 
with serum A-FABP. To our knowledge, this is the first pro-
spective study showing that high A-FABP serum levels at base-
line are associated with increased risk of rapid renal function 
decline in Asian patients with T2DM and preserved renal 
function.

The present study, however, has some limitations. First, be-
cause our cohort comprised Korean patients with T2DM who 
were followed at a single, tertiary-level hospital, our results 
may not be directly applicable to the general population. Sec-
ond, there was no direct measurement of GFR but we em-
ployed CKD-EPI equations, which have been widely used by 
many studies. In addition, we measured serial values over time 
to identify the rate of decline in eGFR that was approximated 
using linear slopes; the use of such slopes likely smoothed out 
the variability in individual GFR estimates and measurements. 
Third, the serum A-FABP level was determined from a single-
point blood sample at baseline. Serial sampling during the nat-
ural course of T2DM could help in further elucidating the role 
of A-FABP in the pathophysiological mechanisms of the devel-
opment and progression of DKD. Lastly, renal biopsy was not 
performed in the majority of subjects in our study; hence, the 
histological diagnosis of DKD could not be confirmed.

In conclusion, higher levels of serum A-FABP are associated 
with increased risk of rapid renal function decline in patients 
with T2DM and preserved renal function. Along with its role 
as a metabolic risk marker, increased levels of serum A-FABP 
in diabetic patients may serve as a clinical marker for early 
progressive renal disease, which will allow early implementa-
tion of an intensive treatment in diabetic patients with normal 
renal function. Further studies are warranted to elucidate the 
role of A-FABP in the pathophysiological mechanisms in-
volved in the development and progression of DKD.
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