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BACKGROUND: Abdominal obesity as a risk factor for diagnosing metabolic syndrome (MetS) is conventionally evaluated using
waist circumference (WC), although WC does not necessarily reflect visceral adiposity.

OBJECTIVE: To examine whether replacing WC with “A Body Shape Index (ABSI)”, an abdominal obesity index calculated by
dividing WC by an allometric regression of weight and height, in MetS diagnosis is useful for predicting renal function decline.
SUBJECTS/METHODS: In total, 5438 Japanese urban residents (median age 48 years) who participated in a public health screening
program for 4 consecutive years were enrolled. Systemic arterial stiffness was assessed by cardio-ankle vascular index (CAVI). The
predictability of the new-onset renal function decline (eGFR < 60 mL/min/1.73 m?) by replacing high WC with high ABSI (ABSI >
0.080) was examined using three sets of MetS diagnostic criteria: Japanese, IDF and NCEP-ATPIII.

RESULTS: In Japanese and NCEP-ATPIII criteria, MetS diagnosed using ABSI (ABSI-MetS) was associated with significantly higher
age-adjusted CAVI compared to non-MetS, whereas MetS diagnosed using WC (WC-MetS) showed no association. Kaplan-Meier
analysis of the rate of new-onset renal function decline over 4 years (total 8.7%) showed remarkable higher rate in subjects with
ABSI-MetS than in those without (log-rank test p < 0.001), but almost no difference between subjects with and without WC-MetS (p
= 0.014-0.617). In gender-specific Cox-proportional hazards analyses including age, proteinuria, and treatments of metabolic
disorders as confounders, ABSI-MetS (Japanese criteria for both sexes, IDF criteria for men) contributed independently to the new-
onset renal function decline. Of these, the contribution of IDF ABSI-MetS disappeared after adjustment by high CAVI in the
subsequent analysis.

CONCLUSION: In this study, replacing WC with ABSI in MetS diagnostic criteria more efficiently predicted subjects at risk of renal
function decline and arterial stiffening.

International Journal of Obesity (2022) 46:564-573; https://doi.org/10.1038/s41366-021-01026-7

INTRODUCTION diagnostic criteria remains controversial. Reaven [8] high-

Abdominal obesity with visceral fat accumulation has been
considered to play an essential role in the development of
cardiometabolic disorders including glucose intolerance, dysli-
pidemia and hypertension, so-called the metabolic syndrome
(MetS) [1, 2]. Several epidemiological studies have demon-
strated that MetS increases the risk of not only cardiovascular
disease (CVD) morbidity and mortality [3, 4], but also the
incidence of chronic kidney disease (CKD) [5, 6] and end-stage
renal disease (ESRD) [7]. On the other hand, the validity of MetS

lighted the fact that there are many non-MetS patients who
are clearly at higher risk of CVD than MetS patients.
Furthermore, it has been claimed that MetS does not
necessarily predict CVD risk above and beyond its individual
components [9, 10]. Some reports have also shown that
elevated waist circumference (WC), an indicator of abdominal
obesity for diagnosing MetS, is associated with CKD to a less
extent after adjusting for MetS components [11, 12]. We thus
hypothesized that these incongruous phenomena may be
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attributed to the uncertainty of WC as an indicator of visceral
fat accumulation or the definition of MetS.

Increase in body mass index (BMI) may be positively related to
improved vascular function assessed by flow-mediated dilation
[13] and cardio-ankle vascular index (CAVI) [14], even though
elevated body weight contributes to an increased incidence of
obesity-related metabolic disorders. In other words, BMI is not
necessarily suitable for efficient stratification of CVD risks, because
of the obesity paradox in which an increase in BMI may potentially
reflect vasoprotective body composition (such as subcutaneous
and/or skeletal muscle tissue). Partially because of this situation,
abdominal obesity, the basic risk factor of MetS, is evaluated by
WC in all the diagnostic criteria for MetS. However, since WC
correlates closely with BM|, it is difficult to distinguish between the
two as epidemiological risk factors [15, 16]. In fact, MetS
diagnosed by the current criteria is not necessarily associated
with systemic arterial stiffening assessed by CAVI [17-19].

Since the evaluation of visceral fat accumulation by computed
tomography (CT) is difficult in routine clinical practice, many
abdominal obesity indices using anthropometric measurements
have been established. “A Body Shape Index (ABSI)” is an
abdominal obesity index that is independent of BMI [16, 20],
and is calculated by dividing WC by an allometric regression of
weight and height [21]. In addition, ABSI reflects visceral fat
accumulation well [22, 23], and is suitable in screening subjects
with CVD risks [24] and predicting cardiovascular mortality [25].
We have reported that increased ABSI reflects not only the severity
of metabolic disorders, but also systemic arterial stiffening
indicated by high CAVI in Japanese general population [16].

With the above background, we consider that there is room for
improvement of the current diagnostic criteria for MetS. In the
present study, we evaluated systemic arterial stiffness in MetS
patients diagnosed using ABSI instead of WC. We also examined
whether MetS diagnosed using ABSI predicts the new-onset renal
function decline.

MATERIALS AND METHODS

Subjects and design

We performed a retrospective cohort study in Japanese urban residents
who underwent health screening between January 2013 and
December 2018.

Data collection

The population-based sample used in the present analysis comprised
144,876 Japanese subjects residing in major cities nationwide, who
participated in the annual CVD and cancer screening program organized
by the Japan Health Promotion Foundation. Participants were volunteers
who were not paid and were not recruited for this study (unlike subjects of
a clinical trial). Subjects without four consecutive years of data (139,438) or
sufficient data (1,534) were excluded, and a total of 5438 subjects were
finally enrolled in the present study.

All parameters were assessed using standardized methods. Height and
body weight (BW) were measured, and BMI was calculated as follows: BW
(kg) divided by square of height (m). WC (m) was measured horizontally at
the height of the umbilicus, with the participant standing and arms
hanging relaxed. ABSI was calculated by the following formula: ABSI = WC/
(BMI?? x height”z) [21]. Currently, an online calculator implementing the
derived formula for anthropometric risk indicators including ABSI is freely
available at https://nirkrakauer.net/sw/ari-calculator.html.

Blood samples were collected from the antecubital vein in the morning
after 12 h of fasting to measure fasting plasma glucose (FPG), triglycerides
(TG) and high-density lipoprotein cholesterol (HDL-C). Low-density
lipoprotein-cholesterol (LDL-C) was calculated using Friedewald formula:
LDL-C = total cholesterol (TC) - (HDL-C) - (TG/5). Since this formula is not
valid for patients with TG=>=400mg/dL (4.52 mmol/L), subjects with
baseline TG = 4.52 mmol/L (0.6% of all participants) were excluded from
the analysis of LDL-C. Hyper-LDL cholesterolemia was defined as LDL-C >
3.62 mmol/L [26], and the determination of other cardiometabolic risks
including hypertension, impaired fasting glucose, hypertriglyceridemia and
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hypo-HDL cholesterolemia followed the Japanese MetS diagnostic criteria
described below.

The estimated glomerular filtration rate (eGFR) was calculated by the
following equation from the Japanese Society of Nephrology [27]:

eGFR(mL/min/1.73m?) = 194x creatinine™ "% x age™*?¥(x 0.739 if female).

In addition, renal function decline was defined as eGFR <60 mL/min/
1.73 m?, corresponding to GFR category 3a or worse [28].

The collected spot urine samples were used for urinalysis by dipstick
method. Urinalysis results were recorded as (—), (%), (14), (24), and (3+).
Proteinuria was defined as (1+) or more, which corresponded to a urine
protein level of 30 mg/dl or more.

Measurement of CAVI and blood pressure

Arterial stiffness was assessed by CAVI using VaSera VS-1500 (Fukuda
Denshi Co Ltd, Tokyo, Japan). CAVI was calculated according to the
following formula: CAVI=a{(2p/AP)xIn(Ps/Pd)PWV?}+b, where Ps is systolic
blood pressure (SBP); Pd is diastolic blood pressure (DBP); AP is Ps - Pd; p is
blood density; PWV is cardio-ankle pulse wave velocity, and a and b are
constants.

The cuffs were wrapped around the upper arms and ankles of subjects
in spine position with the head in the midline position. Examination was
started after 5 min of rest. When detecting pulse waves in the upper arms
and ankles with cuffs, a low cuff pressure of 30-50 mmHg was used to
minimize the influence of cuff pressure on hemodynamics. BP was
measured from the upper arm cuffs. PWV was determined by dividing the
arterial length by the time taken for the pulse wave to propagate from the
aortic valve to the ankle, and was measured using the upper arm and ankle
cuffs. Because CAVI may be falsely low in patients with severe arterial
occlusive disease, we excluded subjects with an ankle-brachial index lower
than 0.90. The details of CAVI have been reported previously [29]. We
arbitrarily defined “high CAVI” as equal to or higher than 9.0 in all
participants, corresponding substantially to the cut-off for the presence of
coronary artery stenosis [30, 31].

Criteria of metabolic syndrome and our proposal

In the present study, we tested the following three sets of diagnostic
criteria for MetS: the criteria developed by the Japanese Committee for the
Diagnostic Criteria of MetS (Japanese criteria) [32], the National Cholesterol
Education Program-Adult Treatment Panel Ill (NCEP-ATPIII) criteria [33] and
the International Diabetes Federation (IDF) criteria [34].

In Japanese criteria, MetS is defined as the presence of at least two of
the following three abnormalities: [1] TG = 150 mg/dL (1.69 mmol/L) and/or
HDL-C <40 mg/dL (1.03 mmol/L); [2] SBP =130 mmHg and/or DBP >
85 mmHg; [3] FPG=110mg/dL (6.11 mmol/L), in the presence of high
WC (=85 cm in men, and > 90 cm in women).

In IDF criteria, MetS is defined as the presence of at least two of the four
abnormalities: [1] TG = 150 mg/dL (1.69 mmol/L); [2] HDL-C <40 mg/dL
(1.03 mmol/L); [3] SBP =130 mmHg and/or DBP>85mmHg [4] FPG=>
110 mg/dL (6.11 mmol/L), in the presence of high WC (=90 cm in men, and
>80 cm in women).

In NCEP-ATPIII criteria, MetS is defined as the presence of at least three
of the five abnormalities: [1] TG > 150 mg/dL (1.69 mmol/L); [2] HDL-C <
40 mg/dL (1.03 mmol/L); [3] SBP =130 mmHg and/or DBP = 85 mmHg; [4]
FPG = 100 mg/dL (5.55 mmol/L); [5] WC =102 cm in men, and WC > 88 cm
in women.

Initially, the FPG threshold in NCEP-ATPII was 6.11 mmol/L. Later,
however, the American Diabetes Association lowered the FPG threshold
used to identify individuals with impaired fasting glycemia (IFG) from
6.11 mmol/L to 5.55 mmol/L, and the NCEP-ATPIII followed suit [35].

For all three sets of diagnostic criteria, treatments for dyslipidemia,
hypertension and diabetes were counted as positive for the respective
abnormalities. In the IDF/NCEP-ATP Il criteria, hypo-HDL-cholesterolemia was
treated as an independent factor different from treatments for dyslipidemia.

In our previous cross-sectional study enrolling 62,514 healthy Japanese
subjects, the cut-off value of ABSI in predicting high CAVI, which we
estimated by Youden index on receiver operating characteristics (ROC)
curve, was 0.080 irrespective of gender [16]. Based on this finding, we
adopted a proposal to replace high WC with high ABSI (=0.080, both sexes)
as the criterion of abdominal obesity in the present study. Additionally, we
also examined whether there is a difference in the prediction of the new-
onset renal function decline between MetS diagnosed conventionally
using WC (WC-MetS) and MetS diagnosed using ABSI (ABSI-MetS).

SPRINGER NATURE

565


https://nirkrakauer.net/sw/ari-calculator.html

D. Nagayama et al.

566

J(1°28) 8gT
J(1ze) el

(09) sT

(€21 T
(rTs-1v9) LTL
(08'0-650) £9°0
(€62 zTL

(681) 6
Lor'1-78°0) LL'L
W0T-LiL) €£1

(T59) ¢Le
J[zey-€1e) oge

J[(€9) Tz
,(7'6) 6€

(T8p) Lot
(eLs-L2v) 11s

(9'6€) S9L

(€6-08) £'8

(T9g) LSL

,(€08) s€€
.(88-9/) €8
Jprl-6TlL) 9€L

L(oool) ZLy

,(9580°0-77180°0) €800

(£81) 8L
(L€9) vz
1(6%2) ¥01
L(€88°0-€6.£°0) LES'O
(#'07) S8
J[E¥2-900) €2
(L'sL) €9
,(1'6) 8¢
(0Ly) 961
(0£-59) ¥9
(6°0€) L1y
SOA

0€) 0SL
oY) TET
1'G) 8S¢
¥'9) €TE
(1'88-0"02) £'8L
(S8'0-190) LLO

(9'9) T8t

(
(
(
(

(£'11) 98§
(€2°1-290) S8°0
(SL'z-05°L) L8'L

(£'67) 6871
(¢L'€-697) 8l'€E

(1) 85
(S'1) Sz

(9°0€) ¥€SL

(91°'6-0S8Y) LLY
(€'6) 99¥

(¢8-12) 9L
(6'9) 8€

(0'61) 256
(6£-99) LL
(PTL-90L) ¥LL

(6°0€) 05S°L
(£080°0-9520°0) L8L00
(§'9) 84T
(r'ea) €L11
(0'61) SS6
(S¥8'0-€2£°0) S8L°0
(7'L1) €48
(6'€z-6'61) 6'LT
(9°61) ¥8£
(8'€1) S69
(€°L1) 89S
(£5-0V) Lt
(9v) Lzo's
ON

SI9N-ISgY asaueder

J(erl) oy
(6'7€) 86
(1) €€
L(791) o
LEV8-6'€9) v'iL
L(€6'0-€£°0) €8'0
('Le) 09

L(01€) £8
8'1-v0'L) €L
J(8L1-6T°1) SS°L

(€9 641
J6Ly-51°€) 82°€

(7'9) 8L
,(001) 8¢
(S'v€) L6
(65'5-99'%) S0°'S
(ze6l) vs
(8vL) 6L
(£9¢) €01

(€84) 0TT
(z6-64) S8
JEvL-9zl) sElL
L(0°£¢€) voL
(6180°0-69£0°0) 68200
,(6'67) ¥8
W(19) zs1
,(0001) 18T
.(596'0-088'0) 8160
1(98/) LTT
.(8'82-7'50) 9'9¢
(820)
(Tel)s
L(7'12) 09
(€9-G¥) ¥S
L(€82) 18¢
SO\

(£9) 8ve
(z's) 89t
(8'%) 0ST
(8'9) 6¥€
(0'88-£'69) ¥'8L
(€8'0-09°0) 0£°0
(£°9) vie

(TL1) 848
(LZ'1-290) S8°0
(L1'T-€S°1) ¥8°L

(£0€) 785l
(SLe-2L0) LTe

(€1) 29
(£'1) 98

(8'L€) 8€91L
(¢T's-0St) €81

(TL1) £48

(€'8-1°2) 9L
(£'1) 96€

(£02) £901L
(6£-59) TL
(STL-90L) L1
(L'9€) €981
(#180°0-85£0°0) $8£0°0
(€9) LT
(8'€7) seel
(00) 0
(0¥8'0-52L°0) 840
(€vL) LEL
(9'€z-6'61) L'LT
(TslL) €8
(TeL) 649
(£€1) vOL
(85-0%) 8t
(£'1p) LSL'S
ON

SIBN-OM @saueder

(€°6) ¥0S
(£'9) 99¢
(T'S) €8¢
(€°2) s6€
(8'£8-9'69) T'8L
(¥8'0-09°0) LLO
(¥'2) vor

(z'zl) S99
(ST'1-€9°0) £80
(SL'z-05°L) L8'L

(r'ze) 19L1
(08'€-2L Q) €T’€

(S'1) 08
(12 vLL

(6°L€) S€LL
(czs-0sv) €8

(9'L1) LE9

(€8-1'2) 9
(¢'6) 6617

(£'€2) L8TL
(08-99) ¢
(9z1-£0L) SLL
(¢'9g) £96'L
(#180°0-85£0°0) S8£0°0
(5'9) 9s€
(£'52) L6EL
(S'61) 650°L
(6%/8'0-82£°0) 06£°0
(9'£1) 856
(6'€2-000) 6'LT
(9°G1) L¥8
(S€l) €€
(0vL) ¥9L
(85-0v) 8
(S'eP) 8€VS

leloL

‘syuedpilied Jo sonsUSIdRIEYD [BDIWSYDO0I] PUE [BDIUlD duljeseg

(%) SI9W-ISaY 4dl

(%) SWW-DM 4al

(%) eunuiai0.1d

(%) JUEL L/UIW/TW 09 > Y4DD
(FWEL L/uIW/TW) Y4D9
(Ip/Bw) dutunessd

(%) 3uswieasy elwapidisAp Buinleday
(%) 1/1oww €0°L > D-1aH
lo/pue 69°L <DL

(1/loww) o1

(1/1oww) >-1aH

(%) 1//10Ww z9'€ < D-1A1
(1/joww) 5-1a1

(%) uswieal) sa1agelp HuinledaYy
(%) 7/10WwW L 1'9 <Dd4

(%) 71/IoWwi GG°G < DdH
(1/1oww) 5d4

(%) 0'6 < IAVYD

/\"®)

(9%) 3uswWiea} UoisuaSdAy BuialRdaY
(%) BHWW 58 < d9d

lo/pue o€l < d9S

(BHWwW) daa

(BHWW) dgs

(%) 080°0 < 1S9V

ISav

(%) wd (4) 88 10 (W) ZOL DM
(%) Wd (J) 08 40 (W) 06 < DM
(%) Wd (§) 06 10 (W) S8 Z DM
(1919W) DM

(%) ,w/6% 5T < INg

(Tw/BY) 1Ng

(%) Bupjuup joyooje |enyigeH
(9%) Bunjows Juand

(%) s1eak 69 < aby

(s1eak) aby

(% "3eW) J2quinN

sa|qenep

‘L 9lqel

International Journal of Obesity (2022) 46:564 - 573

SPRINGER NATURE



L=
22 @
c
225
U -
T o) ©
- & Cc
acs
Jv 9
e =
© © 28 o
S K S88§
N g 39
Qg S 2
o o SR R4]
0 I © .8 @
o N €T =
> 89Q%
00
225
S ok
=1 =
@ EU
“ Qv
O Ty
v a c g
ko -
S
x
E g20
[sla)
a —~ =~ £85
< N in = 8 c
o o < L uw
a3 =
“n Z’Eo
[} O N s
c M 8
© - >c g
a 9O v 8 e
s Z ~E%F
- c g E
§2E
o o
Q20
TOO
. 0n ¢
¥S8g ¢
03§C
=<J 3
5538
S
<
tt. E2R8%
O 9o 2Y -
n O Yco
o 8288y
I =
QT © 9 g
RRags50o
wn 2T S
o na_ ¢pc
> QLU g
5 2°%
Tross
— = @©
m.‘_"Ew:s
QT oL T
€Ea OO0 g
0 g ¢
UQ&&-—
PR U
4 ﬁ&gco
L] v 5 c =
s S a5 Q _-
= 0n n g=
o ge8x3
X oxy9
= @ 95585
) TU=2o
Q A N Yo Ud o
w — — =95 S
9 o ¢ E59g°¢
= n o vw_ 8T O
2 o - MiIE2ggE
[} S0 VU & ¥
- 2 n s >0
QvGed
cad_F
Va "wn =
[ NN =]
V= <L<T
'cs><‘3‘><<
0903 g
© T 0T s
H.Eﬁch
wn )
Qo2 o
a0 g2
D EL gt
S Y<cc
— >w L5
~m v, £709
\—‘_'C%‘q_;>~4-'
£ = 2058°¢
VVJ:_Q,__S:,
Nt S G2°D
— N — 1 O m W
2 N © £HZog
R[=
2 sTSEF
= 238 2
ga>a
—0 ol
o c Yoo
S LY g
o W< v
“ o & —
veERog
Q5.8 ¢
* DuT.O
= = T =}
0 RYL o
O« vz
=cTs<
L= =
cs8oel
.ﬂ;’“m<
~ 8B =2E8sS7
XS VY I L
S = L5
€S 5 Ex23Q8Y
=
v £ wun <
kol = U m© X g ~
° 2 s oY =g
S S T 3%8cVo0
c L 2£TER
= Um:wgvg
€ S < 2508
o o8 QuTDT
3 == £EQ¢cO
8 EEozsag
vGE=T O
< 3 < < 53>F8
o © a o Qo G 1]
o 8 5 h s S 0
= = = C O
s © VO VU 8 ox=2
- > Z Z 0O ©TTO

International Journal of Obesity (2022) 46:564 - 573

D. Nagayama et al.

Statistical analysis

The SPSS software (version 27.0.1, Chicago, IL, USA) was used for statistical
analyses. All data are expressed as median [interquartile range (IQR)] or
mean * standard deviation. Mann-Whitney U test or Fisher's exact test was
performed to examine gender difference in clinical variables or prevalence
of CVD risk factors. One way analysis of covariance with the covariate set to
age followed by Bonferroni multiple comparison test were used to
compare age-adjusted CAVI between subjects with and those without WC-
MetS or ABSI-MetS by gender. Kaplan-Meier survival analysis was
employed to estimate the time to end point, and log-rank test was used
to compare between two groups. Cox-proportional hazards analysis was
performed to identify the contribution of variables to the new-onset renal
function decline, and the result is expressed as hazard ratio (HR) with 95%
confidence interval (Cl). In all comparisons, two-sided p values < 0.05 were
considered statistically significant.

RESULTS

Baseline clinical and biochemical characteristics of
participants

In this retrospective cohort study, a total of 5,438 Japanese urban
residents (2368 men and 3070 women, median age 48 years,
median BMI 21.9 kg/m2 at baseline) who were examined in 4
consecutive annual health checks were studied. Table 1 compares
the baseline clinical characteristics of subjects with and without
Japanese WC-/ABSI-MetS at the first examination.

Subjects with the two types of MetS commonly showed higher
age, BMI, WC, BP, CAVI, FPG, LDL-C, TG, and creatinine, and lower
HDL-C compared to those without.

The prevalence of WC-MetS and ABSI-MetS diagnosed by IDF
and NCEP-ATPIII (IDF WC-MetS, IDF ABSI-MetS, NCEP-ATPIII WC-
MetS and NCEP ATPIIl ABSI-MetS) was also higher in subjects with
Japanese WC/ABSI-MetS.

Most of the subjects with Japanese WC-MetS were male,
whereas most of the subjects with Japanese ABSI-MetS were
female. Only subjects with Japanese WC-MetS had a higher
prevalence of current smoking, habitual alcohol drinking and
proteinuria. On the other hand, only Japanese subjects with ABSI-
MetS showed higher ABSI.

Age-adjusted CAVI according to MetS criteria defined using
WC or ABSI

The differences in age-adjusted CAVI between MetS and non-MetS
subjects diagnosed by various MetS criteria using WC or ABSI are
shown in Fig. 1. Age-adjusted CAVI did not differ significantly
between subjects diagnosed with Japanese WC-MetS or NCEP-
ATPIIl WC-MetS compared to those without the diagnosis (Fig. 1A,
Q). In contrast, age-adjusted CAVI was clearly higher in subjects
diagnosed with Japanese ABSI-MetS or NCEP-ATPIII ABSI-MetS
compared to those without the diagnosis (Fig. 1D, F). For IDF
criteria only, IDF-MetS subjects had higher age-adjusted CAVI than
non-IDF-MetS subjects when diagnosed using either WC or ABSI
(Fig. 1B, E). The same results were observed in men and women.

Baseline clinical and biochemical characteristics in subjects
with or without renal function decline during 4-year study
period

In this analysis, 395 (7.3%) subjects with eGFR lower than 60 mL/
min/1.73 m? at baseline were excluded out of 5438 total
participants. And then, 474 (8.7%) developed the new-onset renal
function decline during the 4-year study period. We then
investigated the baseline characteristics between subjects with
and those without new-onset renal function decline (Table S1).
The group with renal function decline had significantly higher
male ratio, age, ABSI, BP and CAVI; and lower HLD-C, LDL-C and
eGFR compared to the group without renal function decline. There
were no significant differences in current smoking rate, WC, BMI,
FPG, and TG between the two groups. HDL-C, LDL-C and eGFR
were rather low in subjects who developed renal function decline.
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When diagnosed with Japanese or NCEP-ATPIIl criteria, the
prevalence of ABSI-MetS was markedly higher in the group with
renal function decline than in the group without renal function
decline, while there was no difference in the prevalence of WC-
MetS between two groups. On the other hand, when diagnosed
with IDF criteria, the prevalence of both WC-MetS and ABSI- Mets
was significantly higher in the group with renal function decline
compared to the group without renal function decline.

Kaplan-Meier curves for renal function decline in MetS and
non-MetS subjects diagnosed by different MetS criteria using
WC or ABSI
Kaplan-Meier survival analyses for the new-onset renal function
decline when MetS was diagnosed by various criteria are shown in
Fig. 2. The survival rates and 95% Cls were described in Table S2.
When using ABSI in MetS diagnosis, the cumulative rate of
renal function decline occurring over 4 years was significantly
higher in ABSI-MetS subjects than in non- ABSI-MetS subjects
diagnosed by Japanese, IDF and NCEP-ATPIIl criteria (Fig.
2D-F). On the other hand, when using WC in MetS diagnosis,
the cumulative rates of renal function decline were comparable
in WC-MetS and non-WC-MetS subjects diagnosed by Japanese
and NCEP-ATPIII criteria (Fig. 2A, C), although the rate of renal
function decline was significantly higher in IDF WC-MetS

SPRINGER NATURE

subjects than in non-IDF WC-MetS subjects (Fig. 2B), similar
to the result of IDF ABSI-MetS (Fig. 2E).

As mentioned earlier, the cut-off value of ABSI in predicting
high CAVI adopted in this study was 0.080, regardless of gender.
On the other hand, the cut-off value of baseline ABSI in predicting
renal function decline newly occurring during the 4-year study
period observed in this study (474 out of 5,438 total participants,
8.7%) was 0.079 as estimated by Youden index on ROC curve
analysis (AUC = 0.584, p < 0.001).

Cox-proportional hazards models for the association of the
new-onset renal function decline with Japanese MetS and
clinical variables
Next, the contribution of WC-MetS and ABSI-MetS diagnosed by
Japanese criteria to the new-onset renal function decline was
examined using Cox-proportional hazards analyses (Table 2). Since
aging, high CAVI, proteinuria and therapeutic intervention for
metabolic disorders are generally the main factors influencing
renal function, they were also used as confounders in the analyses.
Age (every 1 year) was included in the Cox model as a stratifying
variable.

Japanese ABSI-MetS was an independent contributor to the
new-onset renal function decline (Model 2), whereas Japanese
WC-MetS was not (Model 1). In both models, aging, male gender,
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Panel lIl.

high CAVI and treatment of hypertension were also the
contributors, but proteinuria, and treatment of diabetes and
dyslipidemia were not.

Hazard ratios (95% confidence intervals) for the association of
the new-onset renal function decline with MetS defined by
three types of definitions

Finally, we performed Cox-proportional hazards analyses by
gender to examine the contribution of three different definitions
of MetS associated with new-onset renal function decline (Table
3). ABSI-MetS was associated with an increase in CAVI as shown in
Fig. 1. On the other hand, as shown in Table 2, high CAVI
contributed to the new-onset renal function decline indepen-
dently of Japanese ABSI-MetS. Therefore, we also investigated
whether the contribution of each MetS to renal function decline
varied according to the presence or absence of high CAVI. The 1st
analysis did not include high CAVI as a confounder, but the 2nd
analysis included. Furthermore, as in Table 2, proteinuria, receiving
treatments for diabetes, hypertension and dyslipidemia were used
as confounders.

The results showed that Japanese ABSI-MetS independently
contributed to the new-onset renal function decline in both
genders with and without high CAVI, whereas most MetS
diagnosed by other criteria did not contribute. IDF ABSI-MetS in
male also contributed to the new-onset renal function decline in
the 1st analysis, but the contribution disappeared after adjust-
ment by high CAVI in the 2nd analysis.

International Journal of Obesity (2022) 46:564 - 573

I metabolic syndrome (MetS) diagnosed using waist circumference (WC);
of WG; Japanese, criteria developed by the Japanese Committee for the
NCEP-ATPIIl National Cholesterol Education Program Adult Treatment

DISCUSSION

This retrospective cohort study conducted in real-world Japanese
population verified whether there is a difference between using
conventional WC and replacing WC with ABSI in three difference
sets of MetS diagnostic criteria in predicting the degree of
systemic arterial stiffness and the new-onset renal function
decline.

Compared to WC-MetS, ABSI-MetS was strongly associated with
increased CAVI in both genders. Additionally, subjects in whom
renal function decline occurred during the 4-year study period
had higher prevalence of ABSI-MetS at baseline compared to
those without renal function decline. Kaplan-Meier analyses
revealed almost no difference in the rate of renal function decline
between subjects with and those without WC-MetS when
diagnosed by Japanese and NCEP-ATPIIl criteria, whereas sig-
nificantly increased rates of renal function decline were observed
in subjects with ABSI-MetS compared to those without when
diagnosed by all three sets of criteria. In Cox-proportional hazards
analyses, aging, male gender, high CAVI, hypertension treatment
and Japanese ABSI-MetS, but not WC-MetS, were independent
contributors to the new-onset renal function decline. IDF ABSI-
MetS also showed the contribution to the new-onset renal
function decline, if high CAVI is not included as a confounder in
the Cox-proportional hazards analysis in male. The strength of this
study is to demonstrate that replacing WC with ABSI in MetS
diagnosis more efficiently predicts people at risk of occurring renal
function decline in large-scale health screening.
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Cardio-ankle vascular index (CAVI) is known to reflect the
stiffness of the arterial tree from the origin of the aorta to the
ankle, independent of BP at the time of measurement [29, 31], and
has been reported to be associated positively with a number of
CVD risks [36, 37], severity of CVD [30], and future CVD events [38].
Furthermore, CAVI was not only associated with renal function in
cross-sectional studies [39], but also predicted renal function
decline in retrospective cohort studies [40, 41]. Likewise, high CAVI
predicted the new-onset renal function decline also in the present
study. High CAVI reflects not only organic lesion of the macro
vessel, but also microcirculatory disorders induced by inflamma-
tion and oxidative stress [31, 40]. Accordingly, vascular ageing,
indicated by high CAVI, may lead to future renal function decline
via damage in the microvasculature. On the other hand, we have
reported that BMI is inversely related to CAVI [14], even though
elevated BMI contributes to the development of obesity-related
metabolic disorders. Considering that high CAVI correlates
positively with abdominal obesity index [16] and that visceral fat
reduction is directly related to reduced CAVI [42], the validity of
using BMI and BMI-dependent abdominal obesity indices to
accurately reflect body composition that leads to vascular toxicity
is questionable. Accordingly, a suitable abdominal obesity index
for use in MetS diagnosis should reflect vascular toxicity due to
visceral fat accumulation, and should be independent of BMI. ABSI
seems to be an appropriate index that fulfills these requirements
[16]. The finding of the present study that ABSI-MetS predicts the
new-onset renal function decline may support the appropriate-
ness of ABSI as an index of abdominal obesity. However, we
conveniently adopted the cut-off value of ABSI based on the
results of ROC analysis for high CAVI using cross-sectional data.
Further investigation is needed to determine the appropriate cut-
off value of ABSI to predict CVD morbidity and mortality.

In the Japanese MetS criteria, as mentioned earlier, high WC was
>85cm in men, and =90cm in women [32], and these are
Japanese limited cut-offs corresponding to visceral fat area (VFA)
of 100 cm? measured by CT [43]. It is often pointed out that these
cut-offs of WC deviate from non-Japanese MetS criteria. Since WC
is epidemiologically nearly identical to BMI and does not
necessarily reflect VFA, it may not be appropriate to calculate its
cut-off from the regression line between VFA and WC. On the
other hand, the extent to which ABSI of 0.080 is associated with
VFA awaits further verification.

In this study, ABSI-MetS was associated with increased CAVI,
and the adjustment for high CAVI in the Cox-proportional
hazards analysis weaken the contribution of IDF ABSI-MetS to
the new-onset renal function decline (2" analysis in Table 3).
These findings are consistent with the fact that high ABSI is
related to high CAVI [16]. On the other hand, ABSI-MetS and
high CAVI contributed independently to the new-onset renal
function decline (Table 2), indicating that CAVI may also be
affected by factors other than abdominal obesity-related
metabolic disorders [31]. Meanwhile, why might high ABSI
and high CAVI simultaneously contribute to renal function
decline? One reason may be that abdominal obesity, which
induces arterial stiffening indicated by increased CAVI, may
also be involved in renal function decline via obesity-related
glomerulopathy (ORG). It has been reported that obesity is not
only the underlying pathology of metabolic disorders, but also
an independent risk of ESRD even after adjustment for
atherosclerotic risk factors [43]. ORG is defined pathologically
as glomerulomegaly with focal segmental glomerulosclerosis
[44], and the severity depends on body fat accumulation [45].
In patients with ORG, various extra- and intra-renal pathophy-
siologies are involved in the progression of CKD [46] for the
reasons given below. First, pro-inflammatory adipocytokines
derived from extra-renal visceral adipose tissue contribute to
the pathogenesis of ORG [47]. Second, the role of intra-renal
adipose tissue in MetS patients has also been reported [48]. An

Japanese
ABSI-MetS
1.623
(1.273-2.069)

Japanese WC-MetS
0.718 (0.487-1.057)

(0.901-1.529)

dyslipidemia
treatment
1.030
(0.785-1.352)

Receiving
1.173

1.459 (1.154-1.845)"
1.314 (1.038-1.662)"

Receiving
hypertension
treatment

(0.518-1.532)

p < 0.05, Hazards ratios (95% confidence intervals). Renal function decline is defined as eGFR<60 mL/min/1.73m? during the 4-year study period. All confounders are included in the table.
WC-MetS, conventional metabolic syndrome (MetS) diagnosed using waist circumference (WC); ABSI-MetS, MetS diagnosed using a body shape index (ABSI) instead of WC; Japanese, criteria developed by the

Japanese Committee for the Diagnostic Criteria of MetS.

(0.565-1.668)

Receiving
0.891

diabetes
treatment

0.971

0.984 (0.669-1.446)
0.939 (0.638-1.380)

Proteinuria

3.415 (2.661-4.383)"
3.246 (2.530-4.166)"

CAVI=9.0

1.277 (1.067-1.529)"
1.307 (1.092-1.565)"

Male gender

1.019 (1.009-1.029)
1.018 (1.007-1.028)"

Cox-proportional hazards models for the association of the new-onset renal function decline with Japanese MetS and clinical variables.
Age (every 1y)

Table 2.
Variables
Model 1
Model 2
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increase in ectopic adipose tissue in the renal sinuses can alter
physical forces by restricting the outflow of blood and lymph
fluid from the kidneys, which may promote sodium reabsorp-
tion and focal arteriosclerosis [49]. Considering that ABSI
reflects so-called “obesity-related” metabolic disorders regard-
less of obesity [24], it is possible that ABSI-MetS predicted ORG
even in the present study population, which mainly included
non-overweight individuals.

The reason why NCEP-ATP Ill ABSI-MetS did not independently
contribute to the new-onset renal function decline in both men
and women is unclear (Table 3). However, this result may suggest
the superiority of treating hypertriglyceridemia and low-HDL
cholesterol as a single risk factor, in addition to the significance to
recognize abdominal obesity as an essential requirement for MetS
diagnosis.

Sato et al. previously reported the predictability of ABSI for all-
cause mortality in Japanese population [50]. In the result, ABSI
could be applied to predict all-cause mortality in men, but it
shows only weak association with all-cause mortality in women,
especially in the presence of chronic kidney disease (CKD).
Furthermore, the predictability of ABSI for all-cause mortality in
men was independent of the presence or absence of CKD. To
begin with, there was little difference in ABSI between those
with and without CKD in both genders. These findings do not
seem to be consistent with our results showing that increased
ABSI impairs renal function. However, ABSI may have better
predictability for mortality and morbidity in Caucasians than in
Asians [50]. Whether or not the risk of all-cause mortality
enhanced by ABSI is partially mediated by renal function decline
in the Japanese population awaits further investigation [51].

The risks of progression to kidney failure associated with a given
level of eGFR are independently increased in patients with higher
levels of proteinuria [52]. However, proteinuria was not extracted
as a contributor to the new-onset renal function decline in this
study. In addition, at baseline, subjects with ABSI-MetS did not
necessarily have a higher prevalence of proteinuria. High specific
gravity and hematuria may lead to false positives for proteinuria
by urinalysis [53]. In addition to the low prevalence of impaired
glucose tolerance, which is the main cause of proteinuria, the fact
that the subjects were fasting for more than 12 hours and that
many of them were premenopausal women may have influenced
the results of urinalysis.

One limitation of this study is that our findings may not be
generalized to other ethnic groups. Further research is needed to
address this issue and to confirm whether therapeutic approaches
to reduce ABSI decrease the risk of developing ESRD and CVD.

CONCLUSION

Replacing WC with ABSI in MetS diagnostic criteria may more
efficiently predict people at risk of renal function decline and
arterial stiffening. Further studies are needed to confirm whether
diagnosis of MetS using ABSI also predicts CVD morbidity and
mortality.
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