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Abstract

Background: Urinary liver-type fatty acid-binding protein (L-FABP) is a well-known marker of proximal tubular
impairment. We evaluated the relationship between cardiovascular disease (CVD) risk factors and levels of L-FABP in
a cross-sectional community-based study. Participants with normoalbuminuria and normal estimated glomerular
filtration rate (eGFR), that is, non-chronic kidney disease (non-CKD), were enrolled in this study. To the best of our
knowledge, this is the first study to focus on the association between CVD risk factors and a proximal tubular
marker in the Japanese general population with normoalbuminuria and normal eGFR.

Methods: The present study is part of the Sasayama study. The participants included 1000 community residents
(447 men and 553 women) aged 40-64 years without a history of CVD or renal dysfunction. Out of these
participants 375 men and 477 women, defined as non-CKD, were included for further analysis. In each sex, the
highest quintile group was considered to have high-normal L-FABP levels. A multiple logistic regression model was
used to evaluate the relationship between risk factors for CVD and high-normal L-FABP levels in the non-CKD
participants. We performed a similar analysis using the high-normal urinary albumin to creatinine ratio (UACR) as a
dependent variable instead of L-FABP.

Results: Among the non-CKD participants, in the highest quintile group (Q5, top 20%), L-FABP was 22.17 ug/gCre
in men and = 2.83 ug/gCre in women. In women, the multivariate odds ratio was 3.62 (1.45-9.00) for high-normal
L-FABP in the presence of diabetes mellitus (DM) compared with that in the group without DM. However, the
relationship between DM and the UACR level was not significant. In men, DM was significantly associated with
high-normal UACR. However, the relationship with L-FABP levels was not significant.

Conclusions: The presence of DM was more strongly related to high-normal L-FABP levels than to high-normal
UACR in women even at the stage of normoalbuminuria and normal eGFR. Our results were also consistent with
the findings of a previous study where women were more prone to nonalbuminuric renal impairment compared to
men, although further studies are required to confirm the results.
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Background

Chronic kidney disease (CKD) not only progresses to end-
stage renal disease (ESRD) but also represents an independ-
ent risk factor for cardiovascular disease (CVD) [1-3]. Early
detection and prevention of CKD may thus contribute to
extension of a healthy life expectancy. For diagnosis of
CKD, estimated glomerular filtration rate (eGFR), urine
total protein, and urine albumin are usually measured dur-
ing medical check-ups or in clinical settings [4]. On the
other hand, the early stages of renal impairment could be
missed, as mentioned in previous studies [5-7]. A decline
in the number of nephrons is accompanied by hypertrophy
of the remaining nephrons. Although the prevalence of pro-
gressive eGFR decline is relatively low, a decline in renal
function has been identified in follow-up studies not only
in patients with microalbuminuria but also in patients with
normoalbuminuria [5-7]. Results of in vitro and in vivo ex-
periments, in previous studies, indicated that proximal
tubular impairment preceded glomerular impairment in
the kidneys of rats with diabetic nephropathy [8, 9]. We es-
timate that there is a considerable proportion of patients
with early-stage renal impairment that is not detected by
eGFR and urinary albumin. An easy-to-use marker for
proximal tubules may facilitate diagnosis of these asymp-
tomatic patients more definitively.

Urinary liver-type fatty-acid-binding protein (L-FABP) is
expressed in the proximal tubules of the human kidney
and plays a role in fatty acid metabolism [10]. It has been
reported that expression of L-FABP in the proximal tu-
bules is increased by ischemia or oxidative stress that
causes tubulointerstitial damage [11]. Furthermore, urin-
ary L-FABP has been used to predict deterioration of renal
function in diabetic patients [11] and the occurrence of
ESRD and CVD in patients with CKD [12]. It has previ-
ously been reported that risk factors of CVD such as
hypertension, diabetes mellitus (DM), and dyslipidemia
are associated with CKD [13, 14]. However, to date, there
has been no study that focused on the association between
CVD risk factors and a proximal tubular marker at the
stage of normoalbuminuria and normal eGFR among the
general population. Therefore, in this study, we evaluated
the relationship between CVD risk factors and high-
normal urinary L-FABP levels in Japanese residents with
normoalbuminuria and normal eGFR.

Methods

Study population

The Sasayama study was a population-based cohort
study, in which the assessed outcomes included,

increased medical expenditures, worsening of quality of
life, and CVD risk factors such as hypertension, DM,
and dyslipidemia [15, 16]. The study cohort included
healthy Japanese National Health Insurance subscribers
(aged 40 to 64 years) living in Tamba-Sasayama, a city in
Hyogo prefecture, Japan, who underwent specific health
check-ups. Since May 2012, we recruited participants in
the Sasayama study from among all participants under-
going specific health check-ups who met the age and in-
surance type requirements. The annual consent rate for
participation in the Sasayama study was approximately
77%. The present study was a cross-sectional study that
used medical data recorded from May 2014 to February
2016. We excluded 70 participants for the following rea-
sons: a history of cardiovascular disease or renal dys-
function (n =58), and missing spot urine sample (n =
12). Consequently, the data of 1000 participants (447
men and 553 women) were included in the analysis.
Whereby, the characteristics of participants, including
the presence or absence of low eGFR and albuminuria,
were compared. Of these participants, further analysis,
using the data of 852 participants (375 men and 477
women) with normal eGFR (eGFR =60 mL/min/1.73m?)
and normoalbuminuria (UACR < 30 mg/gCre), was per-
formed (Fig. 1).

Measurements

Single spot urine samples were collected and stored at —
80°C; urinary albumin, creatinine, and L-FABP were
measured. Urinary L-FABP was measured by an
enzyme-linked immunosorbent assay (ELISA) (CIMIC,
Tokyo, Japan) [17]. The lower detection limit for the L-
FABP assay was 1.5 ng/mL and concentrations below the
detection limit were defined as 0.75ng/mL using the
mean value between zero and 1.5 ng/mL. L-FABP levels
were reported as ratios relative to urinary creatinine
concentration (pg/gCre). Urinary albumin concentration
was measured by the turbidimetric immunoassay (TIA).
Urinary albumin levels were also expressed as ratios
relative to urinary creatinine (mg/gCre).

The eGFR was calculated using the following formula,
which was specifically derived for the Japanese popula-
tion: eGFR (mL/min/1.73 m?) =194 x serum creatin-
inel%%% x age'0‘287 (if female x 0.739) [18]. In accordance
with the Japanese Society of Nephrology guidelines [4],
we defined eGFR < 60 mL/min/1.73 m* as low eGFR. We
defined urinary albumin to creatinine (UACR) > 30 mg/
gCre as albuminuria then subdivided into UACR 30-
299 mg/gCre as microalbuminuria and UACR =300 mg/
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years.

Residents who consented to participation in the Sasayama study (n=1,070):
they were recruited from among all participants in specific health check-ups:
National Health Insurance subscribers living in Tamba-Sasayama city, aged 40 to 64

Excluded for having history of cardiovascular
disease or renal dysfunction (n=58)

(n=12)

Excluded for missing spot urine sample

(n=1,000: 447 men and 553 women)

Included in the analysis for comparing participant characteristics
By the presence or absence of low eGFR and albuminuria (Table 1).

Excluded for low eGFR or albuminuria.
(n=148)

(Table 2 to 5).
(n=852: 375 men and 477 women)

Included in further analyses among normal eGFR and normoalbuminuria

Fig. 1 Flow chart of study population
A

gCre as macroalbuminuria. Furthermore, participants
showing eGFR <60 mL/min/1.73 m*> and/or urinary al-
bumin 230 mg/gCre were considered to have CKD. We
also evaluated kidney impairment by using dipstick urin-
ary protein scores using the same single urine sample
immediately after sample provision; the participants
showing scores of =1+ were considered to have
proteinuria.

Blood samples were collected and serum creatinine,
total cholesterol, high-density lipoprotein cholesterol
(HDL-C), triglycerides, low-density lipoprotein choles-
terol (LDL-C), and blood glucose were measured by en-
zymatic assays. The participants were considered to have
hypertension if they had systolic blood pressure > 140
mmHg and/or diastolic blood pressure > 90 mmHg and/
or had been prescribed medication for hypertension
[19]; DM if they had fasting (for >10h) blood glucose
levels >126 mg/dL or non-fasting blood glucose levels
>200 mg/dL and/or Hby;. > 6.5% and/or DM medication
[20]; and dyslipidemia if they had LDL-cholesterol levels
>140 mg/dL and/or HDL-cholesterol <40 mg/dL and/or
non-HDL-cholesterol levels >170 mg/dL and/or fasting
triglyceride levels =150 mg/dL and/or dyslipidaemia
medication [21].

Smoking status, drinking habits, medication use, and
medical history were assessed first during the medical
check-up, according to the standard protocol for
middle-aged and elderly individuals in Japan. Second,
details of drinking habits were confirmed during face-to-
face interviews with a research nurse and a nutritionist.
Ethanol intake (g/day) was determined by alcohol con-
sumption frequency, type of beverages consumed, and
the amount of each type of beverage consumed per day.

The participants with an ethanol intake of >46 g per day,
equivalent to approximately 2 g6 of the traditional Japa-
nese unit of volume, were defined as heavy drinkers.

Statistical analysis

The analyses were conducted according to the sex of the
participants. Clinical characteristics of the participants
with normal eGFR and normoalbuminuria were com-
pared to those of the participants with albuminuria or
low eGFR. Next, participants with normoalbuminuria
and normal eGFR were included for further analysis, and
were divided into quintiles by L-FABP (ug/gCre) levels.
As a biomarker of early kidney impairment before albu-
minuria and low eGFR occurrence, we defined high-
normal L-FABP levels as the levels corresponding to the
highest quintile (top 20%) group. .

Data are presented as mean * standard deviation (SD)
for continuous variables and percentages for categorical
variables. Variables with non-normal distribution are
presented as medians and interquartile ranges (25, 75%).
Bonferroni correction was applied to multiple post-hoc
comparisons between continuous variables, and a
Bonferroni-corrected chi-square test was used for cat-
egorical variables. For the non-CKD participants, mul-
tiple logistic regression analyses were performed to
estimate the odds ratios (ORs) and the 95% confidence
intervals (CIs) for high-normal L-FABP levels. Independ-
ent variables for multivariate analysis were traditional
risk factors of CVD, including age, body mass index
(BMI), hypertension, DM, dyslipidaemia, current
smokers, and heavy drinkers. The UACR level was also
included as an independent variable. To compare signifi-
cant independent variables with high-normal L-FABP
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levels, multivariate OR and 95% CI for high-normal
UACR were also estimated using the same CVD risk fac-
tors as independent variables. We divided the non-CKD
participants according to UACR levels into quintiles and
considered the highest quintile level (Q5) as high-
normal UACR.

A two-sided p <0.05 was considered significant. The
analyses were performed using IBM SPSS Statistics Ver-
sion 22 for Windows (IBM, Tokyo, Japan).

Results

The percentage of participants with and below the de-
tection limit of L-FABP (< 1.5ng/mL) was 42.3% men
and 56.2% women. When a value of 0.75ng/mL was
assigned to the values lower than the detection limit and
corrected by urinary creatinine, the median values of L-
FABP were 1.33 pg/gCre in men and 1.71 pg/gCre in
women. The percentage of participants showing L-FABP
values that were equal to or higher than 8.4 pug/gCre (the
normal upper limit for L-FABP [22]) were 1.3% men and
0.4% women. The levels of L-FABP in the highest quin-
tile group (Q5, top 20%) were>2.17 ug/gCre in men
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and > 2.83 ug/gCre in women among the participants
with normal eGFR and normoalbuminuria (non-CKD).

The respective characteristics of participants with nor-
mal eGFR and normoalbuminuria, and with albuminuria
and normal eGFR, and those with low eGFR are pre-
sented in Table 1. In the groups of normal eGFR and al-
buminuria, 944% men and 90.9% women were
considered to have microalbuminuria. In the groups of
low eGFR, 98.1% men and 96.9% women had eGFR
levels from 45 to 59 mL/min/1.73 m> In men, L-FABP
levels were significantly higher in the groups with nor-
mal eGFR and albuminuria than in other groups, while
there was no significant difference in women. In both
men and women, the group with normal eGFR and albu-
minuria had the highest levels of variables regarding DM
(blood glucose and Hbga;., and the proportion of DM
medication users).

In addition, participants with normoalbuminuria and
normal eGFR were included for further analysis, and the
participants’ characteristics are presented according to
quintile L-FABP levels in Table 2. Among the non-CKD
participants, both in men and in women, the L-FABP
levels were positively associated with age and UACR. In

Table 1 Participant characteristics by the presence or absence of low eGFR and albuminuria

Men Women
P for P for
i NS gy e NI NI g S
Number 375 18 54 477 11 65
Urinary L-FABP (ug/gCre) 1.27(0.81-1.96) 3.28(1.69-4.91) 1.55(1.00-2.14)  <0.01 1.73(1.17-2.55) 1.94(1.44-2.75) 1.55(1.12-2.34)  0.378
Age (years) 551 £ 7.6 574 + 85 60.5 + 4.0 <0.01 562 + 7.1 543 £ 95 60.2 + 4.6 <0.01
BMI (kg/nt) 235 + 3.1 246 £ 3.5 25.0 + 3.4 <0.01 220 +33 279 + 122 228 + 34 <0.01
Hypertension (%) 34.4 66.7 53.7 <0.01 279 455 43.1 0.021
Systolic blood pressure (mmHg) 1269 = 17.7 134.6 = 19.1 127.3 + 164 0.192 123.0 + 185 138.5 + 21.6 129.5 = 19.2 <0.01
Diastolic blood pressure (mmHg) 783 = 10.5 80.8 = 9.0 789 = 109 0.601 722 = 11.2 81.0 = 8.5 754 =95 <0.01
Hypertension medication (%) 16.5 333 333 <0.01 13.4 18.2 30.8 <0.01
Diabetes mellitus (%) 11.7 55.6 7.4 <0.01 4.8 273 3.1 0.022
Blood glucose (mg/dL) 104.0 = 26.9 144.0 = 85.7 103.5 + 26.2 <0.01 97.1 = 18.6 140.5 = 85.9 96.2 = 12.9 <0.01
Hby,. (NGSP, %) 57 +08 6.6 = 1.8 5.6 + 0.4 <0.01 56 =05 6.6 = 2.0 5.6 = 04 <0.01
Glucosuria (%) 45 222 1.9 0.011 1.0 273 0.0 <0.01
Diabetes medication (%) 48 333 5.6 <0.01 2.7 273 3.1 <0.01
Dyslipidemia (%) 54.7 72.2 66.7 0.101 50.9 63.6 80.0 <0.01
Triglycerides (mg/dL) 104(75-156) 136(87-224) 127(85-188) 0.021 81(61-113) 107(69-124) 112(82-137) <0.01
HDL cholesterol (mg/dL) 60.4 = 15.0 53.9 = 145 56.9 = 159 0.072 713 £ 15.7 579 £17.8 659 + 13.9 <0.01
LDL cholesterol (mg/dL) 128.9 + 335 128.4 + 43.0 127.2 + 30.0 0.94 129.3 + 34.0 130.6 + 23.2 139.0 + 335 0.097
Total cholesterol (mg/dL) 211.6 = 353 213.1 £+ 49.0 211.7 = 303 0.99 221.12 = 37.0 209.5 = 28.8 230.0 = 434 0.114
Dyslipidemia medication (%) 6.9 16.7 93 0.220 149 18.2 323 <0.01
eGFR (mL/min/1.73 m’) 76.8 £ 10.9 83.6 £ 213 547 + 42 <0.01 75.5 + 10.7 80.6 + 13.2 555 £ 43 <0.01
UACR (mg/gCre) 3.7(2.6-5.6) 75.4(47.2-144) 3.8(2.5-6.3) <0.01 4.5(3.4-6.2) 38.8(36.1-53.9) 4.0(2.9-7.1) <0.01
Proteinuria (%) 0.3 22.2 0.0 <0.01 0.0 0.0 1.5 0.137
Uric acid (mg/dL) 6.1 =12 58 = 1.1 6.8 = 1.5 <0.01 47 £ 1.0 50+ 15 52+ 1.0 <0.01
Hyperuricemia medication (%) 5.6 0 259 <0.01 - - -
Current smokers (%) 30.7 50.0 315 0.243 5.9 182 0.0 0.015
Heavy drinkers (%) 182 11.1 222 0.618 1.9 0.0 0.0 0.674

Median and interquartile range (25-75%)

Hypertension: systolic blood pressure > 140 mmHg and/or diastolic blood pressure > 90 mmHg and/or prescription of medication for hypertension
Diabetes mellitus: fasting blood glucose levels >126 mg/dL or non-fasting blood glucose levels >200 mg/dL and/or Hba;c > 6.5% and/or prescription of medication

for diabetes mellitus

Dyslipidemia: LDL-C levels >140 mg/dL and/or HDL-C levels < 40 mg/dL and/or non-HDL cholesterol levels >170 mg/dL and/or fasting triglyceride levels >150 mg/

dL and/or prescription of medication for dyslipidemia

UACR Urinary albumine to creatinine ratio (mg/gCre). Albuminuria: UACR >30 mg/gCre. Low eGFR < 60 mL/min/1.73 m2 Heavy drinker: >46 g ethanol/day
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Table 2 Participant characteristics according to quintile of L-FABP among non-CKD participants

Quintile of L-FABP among normoalbuminuria and normal eGFR

P for trend
Ql Q2 Q3 Q4 Q5
Men
Number 75 75 75 75 75
Urinary L-FABP (ug/gCre) 0.52(0.46-0.62) 0.93(0.81-1.00) 1.27(1.19-1.39) 1.81(1.67-1.96) 2.66(2.35-3.88)
Age (years) 523 + 85 542 + 7.7 549 + 76 565 = 7.0 576 = 59 <001
BMI (kgmz) 235 + 27 238 + 3.7 236 + 28 229 + 3.1 238 + 33 0.697
Hypertension (%) 29.3 28.0 32.0 38.7 44.0 0.021
Systolic blood pressure (mmHg) 124 + 17 125 + 17 127 + 17 129 + 19 130 + 18 0.014
Diastolic blood pressure (mmHg) 77 £ 11 78 £+ 10 78 + 10 80 + 11 79 £ 10 0.045
Hypertension medication (%) 12.0 133 14.7 17.3 253 0.024
Diabetes mellitus (%) 9.3 10.7 8.0 18.7 12.0 0.257
Blood glucose (mg/dL) 101 + 17 101 + 18 105 + 43 107 + 24 106 + 25 0.155
Hby, . (NGSP, %) 56 + 0.6 57 £ 07 57 + 1.1 58 + 1.0 57 + 08 0.115
Glucosuria (%) 2.7 4.0 4.0 6.7 53 0338
Diabetes medication (%) 2.7 4.0 2.7 53 93 0.073
Dyslipidemia (%) 453 493 52.0 62.7 547 0,080
Triglycerides (mg/dL) 106(74-127) 101(75-159) 102(70-192) 113(80-164) 110(74-161) 0227
HDL cholesterol (mg/dL) 63 + 15 61 + 16 60 + 14 60 + 16 58 + 15 0.021
LDL cholesterol (mg/dL) 130 + 33 132 + 38 128 + 36 132 + 32 123 + 29 0343
Total cholesterol (mg/dL) 214 + 34 216 + 39 213 + 37 214 + 33 201 + 33 0.081
Dyslipidemia medication (%) 6.7 6.7 53 8.0 8.0 0721
eGFR (mL/min/1.73 mz) 76.8 + 10.2 755 £ 9.9 76.6 + 10.6 763 + 10.8 78.6 + 12.7 0.538
UACR (mg/gCre) 3.2(2.4-5.0) 3.1(2.4-4.6) 3.6(2.4-5.4) 3.4(2.7-5.8) 5.0(3.4-8.2) <001
Proteinuria (%) 0 0 0 0 13 0.400
Uric acid (mg/dL) 6.1 + 12 6.1 + 1.1 62 + 12 60 + 1.2 60 + 14 0.295
Hyperuricemia medication (%) 4.0 53 2.7 9.3 6.7 0.304
Current smokers (%) 29.3 26.7 28.0 32.0 373 0.206
Heavy drinkers (%) 16.0 13.3 24.0 20.0 17.6 0485
Women
Number 95 96 95 96 95
Urinary L-FABP (pg/gCre) 0.76(0.57-0.90) 1.28(1.17-1.39) 1.73(1.61-1.83) 2.30(2.16-2.55) 3.75(3.13-4.31)
Age (years) 538 + 7.8 558 + 7.8 557 + 69 586 + 5.1 571 + 6.7 <001
BMI (kgmz) 21.7 + 3.1 21.7 +£ 3.0 215 + 3.0 226 + 33 222 + 38 0.115
Hypertension (%) 26.3 26.0 26.3 354 253 0613
Systolic blood pressure (mmHg) 122 £ 19 123 = 17 121 = 19 128 + 19 121 = 18 0.757
Diastolic blood pressure (mmHg) 72+ 12 72+ 11 71+ 11 74 + 11 71+ 11 0.964
Hypertension medication (%) 9.5 11.5 12.6 18.8 14.7 0.106
Diabetes mellitus (%) 32 3.1 2.1 42 11.6 0.010
Blood glucose (mg/dL) 94 £+ 10 95 + 11 95 + 13 100 + 24 102 + 27 <0.01
Hby,. (NGSP, %) 55 £ 03 56 £ 04 56 + 04 57 + 08 57 + 06 0.010
Glucosuria (%) 0 0 1.1 1.0 32 0.035
Diabetes medication (%) 32 1.0 1.1 2.1 6.3 0.198
Dyslipidemia (%) 41.1 43.8 49.5 64.6 50.5 0.014
Triglycerides (mg/dL) 81(59-118) 82(58-110) 78(60-104) 85(65-121) 83(64-120) 0367
HDL cholesterol (mg/dL) 71 £ 16 72 £+ 15 72 + 16 70 + 16 71 + 16 0.963
LDL cholesterol (mg/dL) 123 £ 31 127 + 31 139 + 37 131 + 33 127 + 35 0.234
Total cholesterol (mg/dL) 215 + 35 218 + 30 232 + 43 223 + 35 218 + 39 0375
Dyslipidemia medication (%) 12.6 13.5 63 26.0 15.8 0.102
eGFR (mL/min/1.73 mz) 747 £ 9.1 764 + 11.1 747 + 10.2 740 + 103 719 + 123 0.392
UACR (mg/gCre) 4.0(3.0-5.5) 4.7(3.6-5.8) 4.4(3.3-6.3) 4.5(3.4-6.3) 5.03.6-8.4) <001
Proteinuria (%) 0 0 0 0 0 -
Uric acid (mg/dL) 45 +£ 09 47 £ 09 48 + 1.1 49 +£ 09 45 + 1.1 0.366
Hyperuricemia medication (%) 0 0 0 0 0 -
Current smokers (%) 6.3 1.0 74 3.1 11.6 0.113
Heavy drinkers (%) 2.1 2.1 0 2.1 32 0.725

Non-CKD: normoalbuminuria and normal eGFR

Median and interquartile range (25-75%)

Hypertension: systolic blood pressure > 140 mmHg and/or diastolic blood pressure > 90 mmHg and/or prescription of medication for hypertension. Diabetes
mellitus: fasting blood glucose levels >126 mg/dL or non-fasting blood glucose levels >200 mg/dL and/or Hba;. > 6.5% and/or prescription of medication for
diabetes mellitus. Dyslipidemia: LDL-C levels >140 mg/dL and/or HDL-C levels <40 mg/dL and/or non-HDL cholesterol levels >170 mg/dL and/or fasting
triglyceride levels >150 mg/dL and/or prescription of medication for dyslipidemia

UACR: urinary albumine to creatinine ratio (mg/gCre). Albuminuria: UACR >30 mg/gCre. Low eGFR < 60 mL/min/1.73 m?. Heavy drinker: >46 g ethanol/day
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men, the L-FABP levels were positively associated with
systolic blood pressure and inversely associated with
HDL-cholesterol levels. In women, L-FABP levels were
positively associated with the proportion of participants
with DM and that of dyslipidaemia.

We also examined the characteristics of participants
with non-CKD, according to quintile UACR levels
(Table 3). In both men and women, UACR levels
were positively associated with age and the proportion
of participants with hypertension. In men, UACR
levels were positively associated with blood glucose,
Hba;. and the proportion of participants with DM.
We observed a similar relationship regarding Hbai.
in women. However, the relationships were not sig-
nificant for blood glucose and the proportion of par-
ticipants with DM.

Table 4 shows the associations between CVD risk
factors and high-normal L-FABP levels (Q5) in the
participants with normoalbuminuria and normal eGFR
(non-CKD) by multiple logistic regression analysis.
First, we calculated the crude OR (95%CI) for each
independent variable as univariate analysis. Second,
we examined three multivariate models using different
sets of independent variables. When UACR levels
(log-transformed) were included within the independ-
ent variables, in men, age was significantly associated
with high-normal L-FABP [OR (95%CI): 1.07 (1.02—
1.11)]. In women, the OR (95%CI) of presence of DM
was 3.62 (1.45-9.00) and that of current smoking was
3.21 (1.31-7.85). Both in men and in women, the
UACR levels were associated with high-normal L-
FABP levels; the ORs were 2.56 (1.64—4.00) in men
and 2.12 (1.37-3.27) in women. Following multivari-
ate analysis, with an adjustment for age, BMI, systolic
blood pressure, blood glucose, HDL-cholesterol (as
continuous variables), smoking status (current smok-
ing or not) and drinking status (heavy drinker or
not), blood glucose levels and current smoking were
associated with high-normal L-FABP levels in women;
the OR of blood glucose levels was 1.01 (1.00-1.02)
and that of current smoking was 2.90 (1.19-7.08). In
men, age was associated with high-normal L-FABP
levels; OR, 1.07 (1.03-1.12) (Supplement Table 1).

Table 5 shows the associations between CVD risk fac-
tors and high-normal UACR levels (highest quintile: Q5)
in the non-CKD participants by multiple logistic regres-
sion analysis. The highest quintile levels of UACR (< 30
mg/gCre) were = 6.423 mg/gCre in men and > 6.90 mg/
gCre in women. When L-FABP levels (log-transformed)
were included within the independent variables in men,
the OR (95%CI) of DM was 3.06 (1.45-6.49). Both in
men and in women, hypertension was associated with
high-normal UACR; the ORs were 2.25 (1.27-3.99) in
men and 2.11 (1.26—3.53) in women.
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Discussion

We examined the association between CVD risk factors
and high-normal L-FABP levels, which is a recently de-
scribed marker of tubulointerstitial impairment among
the general population with normoalbuminuria and nor-
mal eGFR. We found that hypertension was significantly
associated with high-normal UACR levels in men and
women. Of note, according to gender, DM was strongly
associated with different renal impairment markers;
high-normal UACR in men and high-normal L-FABP in
women. Furthermore, DM and current smoking were
significantly related to high-normal L-FABP levels in
women only.

Using the dataset of participants without CKD, L-
FABP levels were substantially lower in our present
study than in a previous study [23]. In previous studies,
L-FABP levels were measured for patients with DM or
apparent renal failure [11, 23]. To the best of our know-
ledge, the present study is the first that investigated the
relationship between L-FABP and CVD risk factors in
normal eGFR and normoalbuminuria participants in a
general population.

In a previous study, patients who failed to achieve and
maintain blood pressure control during a 4-year follow-
up showed an increased risk of developing diabetic ne-
phropathy (OR 1.38, p<0.001) and risk of its compo-
nent: albuminuria (OR 1.47, p < 0.001) [24]. Penno et al.
demonstrated that the female sex correlated with nonal-
buminuric renal impairment and the male sex with the
albuminuric forms in patients with type 2 DM [25]. A
previous clinical study showed that urinary excretion of
human L-FABP levels were correlated with the severity
of tubuointertistial damage and the rate of CKD progres-
sion [11]. Structurally, L-FABP has a high capacity to
bind and a high affinity for fatty acid peroxidation prod-
ucts and causes their excretion into urine and thus L-
FABP may be an effective endogenous antioxidant [26].
Furthermore, Kanaguchi et al. evaluated the expression
of tubulointerstitial markers under oxidative stress and
proximal tubular damage in human L-FABP chromo-
somal gene-transgenic mice and suggested that tubular
enhancement of L-FABP may protect mice with
antibody-induced glomerulonephritis during the pro-
gression of both tubulointerstitial and glomerular injury
[27]. Therefore, L-FABP is considered as a stress marker,
which is increased by oxidative stress during ischemia of
the proximal tubules and hyperglycaemia [11]. In
addition, its potential protective effect against the pro-
gression of both tubulointerstitial and glomerular dam-
age has been suggested, although further studies are
required to confirm the detailed mechanisms [26, 27].
Neugarten et al. conducted a meta-analysis of 68 studies
and concluded that men with CKD, due to various aeti-
ologies, showed a more rapid time-dependent decline in
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Table 3 Participant characteristics according to quintile of UACR among non-CKD participants

Quintile of UACR among normoalbuminuria and normal eGFR

Ql @ @ ) % P for trend
Men
Number 75 75 75 75 75
UACR (mg/gCre) 2.09(1.84-2.30) 2.75(2.59-2.96) 3.66(3.35-3.90) 5.03(4.57-5.58) 9.57(7.47-14.0)
Age (years) 537 + 74 53.1 + 8.1 54.1 + 84 573 + 6.8 572 + 6.1 <0.01
BMI (kg/mz) 232 +28 234 +38 237 £ 3.1 230 +24 244 + 33 0.169
Hypertension (%) 17.3 26.7 253 46.7 56.0 <0.01
Systolic blood pressure (mmHg) 1214 + 164 1237 = 17.3 123.8 = 17.0 131.1 + 18.6 1343 £ 16.2 <0.01
Diastolic blood pressure (mmHg) 745 + 98 77.1 £ 104 774 + 104 80.7 = 11.0 819 + 9.6 <0.01
Hypertension medication (%) 12.0 10.7 10.7 17.3 32.0 <0.01
Diabetes mellitus (%) 2.7 12.0 12.0 8.0 24.0 <0.01
Blood glucose (mg/dL) 986 + 112 1025 + 216 103.1 + 21.0 1044 =385 1116 =+ 321 0.033
Hb, . (NGSP, %) 54 +03 56 + 0.5 57 =08 57 + 1.1 6.0 + 1.1 <0.01
Glucosuria (%) 0.0 0.0 4.0 53 133 <0.01
Diabetes medication (%) 1.3 8.0 2.7 4.0 8.0 0.269
Dyslipidemia (%) 533 613 413 56.0 613 0.558
Triglycerides (mg/dL) 91(66-138) 116(88-166) 95(72-139) 104(76-148) 121(80-189) 0.050
HDL cholesterol (mg/dL) 651 + 153 58.8 + 14.1 60.0 + 15.8 59.3 + 13.6 58.6 + 15.5 0.027
LDL cholesterol (mg/dL) 1284 + 285 1349 + 36.9 125.1 + 335 131.8 + 32.8 1246 + 35.1 0.307
Total cholesterol (mg/dL) 2151 + 312 217.6 + 36.9 205.4 + 36.1 213.0 + 37.0 2069 + 34.6 0.039
Dyslipidemia medication (%) 4.0 9.3 6.7 6.7 8.0 0.617
eGFR (mL/min/1.73 mz) 733 + 8.6 742 +£93 773 £ 11.2 798 + 11.2 793 + 122 <0.01
Urinary L-FABP (ug/eCre) 0.99(0.66-1.44) 1.22(0.77-1.84) 1.23(0.85-1.82) 1.36(0.83-2.30) 1.67(1.10-2.59) <0.01
Proteinuria (%) 0.0 0.0 0.0 0.0 1.3 0.400
Uric acid (mg/dL) 63 = 1.2 62 =12 6.1 =12 59 = 1.0 6.1 = 1.5 0.112
Hyperuricemia medication (%) 4.0 12.0 4.0 1.3 6.7 0.581
Current smokers (%) 26.7 29.3 29.3 30.7 373 0.179
Heavy drinkers (%) 12.0 149 227 14.7 26.7 0.039
‘Women
Number 95 96 95 96 95
UACR (mg/gCre) 2.81(2.46-3.05) 3.60(3.40-3.71) 4.51(4.26-4.70) 5.61(5.32-6.19) 9.55(7.95-14.7)
Age (years) 550 + 7.8 557 £ 7.1 551 =78 57.1 +£ 65 58.1 £ 5.5 <0.01
BMI (kgmz) 219 + 32 220 £29 217 £ 3.1 217 +32 224 + 3.7 0.470
Hypertension (%) 16.8 26.0 242 29.2 432 <0.01
Systolic blood pressure (mmHg) 1184 + 155 1234 + 18.1 121.2 + 184 1234 + 18.6 128.8 + 204 <0.01
Diastolic blood pressure (mmHg) 69.8 + 10.0 714 £ 105 728 + 11.9 722 + 11.1 747 £ 119 0.011
Hypertension medication (%) 6.3 15.6 11.6 13.5 20.0 0.023
Diabetes mellitus (%) 6.3 3.1 2.1 42 8.4 0.499
Blood glucose (mg/dL) 96.0 + 152 96.7 + 10.4 946 = 11.9 98.3 + 228 99.7 + 269 0.839
Hba, (NGSP, %) 56 + 0.5 56 + 04 55 =03 57 08 57 06 <0.01
Glucosuria (%) 0.0 0.0 0.0 1.0 42 <0.01
Diabetes medication (%) 42 2.1 1.1 0.0 6.3 0.768
Dyslipidemia (%) 484 51.0 50.5 51.0 53.7 0517
Triglycerides (mg/dL) 79(58-111) 79(58-109) 84(64-114) 81(59-118) 84(64-115) 0.187
HDL cholesterol (mg/dL) 712 + 16.0 717 £ 15.0 713 = 151 704 + 149 72.1 £ 175 0.899
LDL cholesterol (mg/dL) 127.3 + 357 126.0 + 329 131.8 + 33.1 129.1 + 335 1324 + 348 0.323
Total cholesterol (mg/dL) 2179 + 39.1 2187 + 35.6 2238 + 374 220.1 + 355 225.1 + 374 0.347
Dyslipidemia medication (%) 17.9 15.6 14.7 14.6 11.6 0.237
eGFR (mL/min/1.73 mz) 732 + 10.0 759 + 10.5 752 £ 9.8 75.5 + 10.6 77.8 + 122 <0.01
Urinary L-FABP (uig/eCre) 1.60(0.94-2.23) 1.74(1.17-2.43) 1.60(1.14-2.32) 1.66(1.17-2.30) 2.20(1.47-3.21) <0.01
Proteinuria (%) 0.0 0.0 0.0 0.0 0.0 -
Uric acid (mg/dL) 48 + 1.0 49 + 1.0 4.6 + 09 45 + 1.0 46 + 1.0 <0.01
Hyperuricemia medication (%) 0.0 0.0 0.0 0.0 0.0 -
Current smokers (%) 9.5 3.1 4.2 73 53 0.631
Heavy drinkers (%) 0.0 1.0 32 1.0 42 0.073

Non-CKD: normoalbuminuria and normal eGFR

Median and interquartile range (25-75%)

Hypertension: systolic blood pressure > 140 mmHg and/or diastolic blood pressure > 90 mmHg and/or prescription of medication for hypertension. Diabetes
mellitus: fasting blood glucose levels >126 mg/dL or non-fasting blood glucose levels >200 mg/dL and/or Hba;. > 6.5% and/or prescription of medication for
diabetes mellitus. Dyslipidemia: LDL-C levels >140 mg/dL and/or HDL-C levels <40 mg/dL and/or non-HDL cholesterol levels >170 mg/dL and/or fasting
triglyceride levels >150 mg/dL and/or prescription of medication for dyslipidemia

UACR: urinary albumine to creatinine ratio (mg/gCre). Albuminuria: UACR >30 mg/gCre. Low eGFR < 60 mL/min/1.73 m?. Heavy drinker: >46 g ethanol/day
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Table 4 OR of high-normal L-FABP levels (Q5) associated with CVD risk factors among non-CKD participants

Univariate Multivariate Multivariate Multivariate
OR 95%CI p-value OR 95%CI p-value OR 95%CI p-value OR 95%CI p-value
Men
Age (years) 1.07 1.01 - 1.13 0.017 1.07 1.03 - 1.11 <0.01 1.07 1.03 - 1.12 <0.01 1.07 1.02 - 1.11 <0.01
BMI (kg/m’) 1.13 1.02 - 1.26 0.018 1.04 095 - 1.14 0.369 1.05 0.96 - 1.15 0.274 1.05 0.96 - 1.15 0.300
Hypertension 1.72 0.86 - 3.40 0.123 1.39 0.80 - 2.41 0.241 1.42 0.81 - 249 0.218 1.09 0.61 - 1.97 0.768
Diabetes mellitus 0.90 0.30 - 2.68 0.854 0.64 0.28 - 1.50 0.304 0.63 027 - 147 0.281 0.48 0.20 - 1.16 0.105
Dyslipidemia 1.35 0.68 - 2.69 0.394 1.08 0.63 - 1.84 0.779 1.02 0.59 - 1.77 0.932 0.96 0.55 - 1.68 0.889
Current smoker 1.43 0.71 - 2.89 0.321 - - 1.58 091 - 2.76 0.106 1.38 0.77 - 2.46 0.274
Heavy drinker 1.10 0.46 - 2.62 0.836 - - 0.79 0.39 - 1.59 0.509 0.65 0.31 - 136 0.252
UACR (log-transformed) 3.53 2.11 - 591 <0.01 - - - - 2.56 1.64 - 4.00 <0.01
Women

Age (years) 1.03 0.98 - 1.08 0.263 1.03 0.99 - 1.06 0.176 1.04 1.00 - 1.08 0.069 1.03 099 - 1.07 0.161
BMI (kg/m’) 1.08 0.99 - 1.17 0.080 1.02 0.95 - 1.10 0.609 1.03 095 - L.11 0.513 1.2 095 - 1.11 0.536
Hypertension 0.67 0.33 - 1.40 0.290 0.73 042 -1.27 0.265 0.76 043 - 132 0.327 0.67 038 - 1.19 0.170
Diabetes mellitus 4.53 1.76 - 11.7 <0.01 3.86 1.60 - 9.31 <0.01 3.59 1.47 - 8.76 <0.01 3.62 1.45 - 9.00 <0.01
Dyslipidemia 0.96 0.52 - 1.75 0.890 0.86 0.52 - 1.41 0.538 0.85 0.52 - 141 0.532 086 052 - 1.42 0.546
Current smoker 1.57 0.52 - 475 0.421 - - 3.15 1.33 - 7.49 <0.01 321 1.31 - 7.85 0.011
Heavy drinker 1.15 0.14 - 9.37 0.898 - - 1.40 0.31 - 635 0.660 096  0.19 - 498 0.964
UACR (log-transformed) 2.07 1.23 - 3.50 <0.01 - - - - 2.12 137 - 327 <0.01

Non-CKD: normoalbuminuria and normal eGFR

Hypertension: systolic blood pressure > 140 mmHg and/or diastolic blood pressure > 90 mmHg and/or prescription of medication for hypertension. Diabetes
mellitus: fasting blood glucose levels >126 mg/dL or non-fasting blood glucose levels >200 mg/dL and/or Hba;. > 6.5% and/or prescription of medication for
diabetes mellitus. Dyslipidemia: LDL-C levels >140 mg/dL and/or HDL-C levels <40 mg/dL and/or non-HDL cholesterol levels >170 mg/dL and/or fasting

triglyceride levels >150 mg/dL and/or prescription of medication for dyslipidemia

UACR: urinary albumine to creatinine ratio (mg/gCre). Albuminuria: UACR >30 mg/gCre. Low eGFR < 60 mL/min/1.73 m?. Heavy drinker: >46 g ethanol/day

renal function than did women [28]. In most experimen-
tal animal models of CKD, males showed a more accel-
erated progression of renal injury compared with
females, and as a potential mechanism for renal protec-
tion in females, an influence of oestrogen is suggested
[29]. In our study, in women, DM and current smoking,

which cause oxidative stress, were associated with high-
normal L-FABP levels that reflect oxidative stress in the
proximal tubules. Additionally, considering the protect-
ive role of L-FABP against the progression of renal im-
pairment, higher L-FABP levels in women compared to
men may partly be explained by previous suggestions

Table 5 OR of high-normal UACR levels (Q5) associated with CVD risk factors among non-CKD participants

Univariate Multivariate Multivariate Multivariate
OR 95%CI p-value OR 95%CI p-value OR 95%CI p-value OR 95%CI p-value
Men
Age (years) 1.05 1.01 - 1.09 <0.01 1.03 0.99 - 1.08 0.105 1.04 1.00 - 1.08 0.078 1.02 0.98 - 1.06 0.366
BMI (kg/mz) 1.11 1.02 - 1.20 0.011 1.06 097 - 1.16 0.194 1.07 098 - 1.17 0.148 1.07 098 - 1.17 0.151
Hypertension 3.12 1.85 - 524 <0.01 2.63 1.51 - 4.56 <0.01 2.42 138 -4.24 <0.01 225 127 -3.99 <0.01
Diabetes mellitus 3.33 1.71 - 6.47 <0.01 2.69 131 - 5.54 <0.01 2.72 131 - 5.63 <0.01 3.06 1.45 - 6.49 <0.01
Dyslipidemia 1.35 0.81 - 2.25 0.256 1.17 0.67 -2.02 0.582 1.24 0.70 - 2.18 0.457 1.14 0.64 - 2.04 0.656
Current smoker 1.46 0.86 - 2.48 0.163 - - 1.59 0.90 - 2.81 0.113 1.55 0.86 -2.79 0.143
Heavy drinker 1.90 1.05 - 3.46 0.035 - - 1.65 0.86 - 3.17 0.132 1.68 0.86 - 3.26 0.128
L-FABP (log-transformed) 2.40 1.61 - 3.58 <0.01 - - - - 2.25 1.46 - 3.45 <0.01
Women

Age (years) 1.06 1.02 - 1.10 <0.01 1.05 1.01 - 1.09 0.020 1.05 1.01 - 1.09 0.018 1.04 1.00 - 1.08 0.069
BMI (kgmz) 1.05 0.99 - 1.13 0.118 1.03 095 - 1.11 0.464 1.03 096 - 1.11 0.382 1.02 095 - 1.10 0.549
Hypertension 239 1.50 - 3.82 <0.01 2.03 123 -335 <0.01 1.99 1.20 -3.29 <0.01 2.11 1.26 -3.53 <0.01
Diabetes mellitus 2.25 092 -55 0.074 1.82 0.71 - 4.62 0.211 1.72 0.67 - 4.43 0.264 1.42 0.53 -3.78 0.481
Dyslipidemia 1.15 0.73 - 1.80 0.551 0.80 049 - 131 0.371 0.82 0.50 - 1.35 0.438 0.80 048 -1.32 0.379
Current smoker 0.87 032 - 2.34 0.779 - - 1.16 039 - 341 0.793 0.95 031 -2.86 0.923
Heavy drinker 331 0.87 - 12.6 0.078 - - 2.99 0.73 - 1230  0.130 293 0.68 -12.6 0.148
L-FABP (log-transformed) 2.28 1.52 - 3.42 <0.01 - - - - 2.11 1.38 -3.23 <0.01

Non-CKD: normoalbuminuria and normal eGFR

Hypertension: systolic blood pressure > 140 mmHg and/or diastolic blood pressure > 90 mmHg and/or prescription of medication for hypertension. Diabetes
mellitus: fasting blood glucose levels >126 mg/dL or non-fasting blood glucose levels >200 mg/dL and/or Hba;. > 6.5% and/or prescription of medication for
diabetes mellitus. Dyslipidemia: LDL-C levels >140 mg/dL and/or HDL-C levels < 40 mg/dL and/or non-HDL cholesterol levels >170 mg/dL and/or fasting

triglyceride levels >150 mg/dL and/or prescription of medication for dyslipidemia

UACR: urinary albumine to creatinine ratio (mg/gCre). Alouminuria: UACR >30 mg/gCre. Low eGFR < 60 mL/min/1.73 m?. Heavy drinker: >46 g ethanol/day
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that the progression of renal impairment is slower in
women than in men [28, 29]. Although there are few
studies in which urinary L-FABP is measured separately
according to gender, Ishimitsu et al. determined the
average urinary L-FABP levels (ug/g Cre) of 550 subjects
without disease and L-FABP levels were significantly
higher in women than in men, which is consistent with
our findings [30].

In our study, L-FABP levels correlated strongly with
UACR levels both in men and women, but particularly
in men. It has been shown that tubular biomarkers, in-
cluding L-FABP, were higher in patients with micro and
macro-albuminuria compared to persons without albu-
minuria [9]. When either tubular or glomerular injuries
occur, tubules and glomerulus closely interacted via glo-
merulotubular junctions [9, 31]. The stronger association
between L-FABP and UACR levels in men rather than in
women may partly contribute to a more rapid progres-
sion of renal injury in men.

Our study has several limitations. First, the determin-
ation of L-FABP levels and diagnosis of kidney impair-
ment were based on data of participants in the research
survey only. Second, the present study is a cross-
sectional study and follow-up studies are needed to con-
firm that high-normal L-FABP levels, which reflect mild
tubulointerstitial stress, predict glomerular impairment,
and ultimately lead to a decline in kidney function.
Third, the reason for the gender difference in the
strength of the relationship between DM and high-
normal L-FABP levels remains to be clarified.

Conclusions

In conclusion, the presence of DM was more strongly
related to high-normal L-FABP levels than high-normal
UACR in women even at the stage of normoalbuminuria
and normal eGFR, which reflects oxidative stress in the
proximal tubules. Our results were also consistent with
the findings of a previous study where women were
more prone to nonalbuminuric renal impairment than
men [25], although further studies are required to con-
firm the results.
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