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Abstract

Background

While body mass index (BMI) is the most widely used anthropometric measure, its associa-

tion with all-cause mortality is generally J-shaped or U-shaped. A body shape index (ABSI)

is a recently formulated anthropometric measure that shows linear relationship to all-cause

mortality, especially in Caucasian cohorts. We aimed to address the relationship between

ABSI and all-cause mortality in Asians and to assess the influence of sex difference and of

chronic kidney disease (CKD) on this relationship.

Methods

This was a longitudinal cohort study assessing the association of ABSI, BMI, waist circum-

ference (WC), and waist-to-height ratio (WHtR) with all-cause mortality in a Japanese

nationwide Specific Health Checkup database. The study enrolled 160,625 participants fol-

lowed-up between 2008 and 2012. We calculated the all-cause mortality risk associated

with a 1-standard deviation increase (+1SD) in ABSI, BMI, WC, or WHtR in cohorts stratified

by sex and the presence of CKD.

Results

During the 4-year follow up, 1.3% of participants died. In men, ABSI (+1SD) significantly

increased the risk for all-cause mortality after adjusting for other known risk factors including

CKD; hazard ratio (HR) and 95% confidence intervals (CI) of non-CKD cohort, 1.30 (1.18 to

1.43), p<0.01; HR and 95%CI of CKD cohort, 1.16 (1.01 to 1.34), p = 0.04. In women, ABSI

(+1SD) did not show significant association with all-cause mortality, especially in the CKD

cohort; HR and 95% CI of non-CKD cohort, 1.07 (0.99 to 1.17), p = 0.09; HR and 95%CI of

CKD cohort, 0.98 (0.84 to 1.14), p = 0.78. Conversely, BMI (+1SD) was associated with sig-

nificantly lower risk in men, although minimal association was found in women. WC and
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WHtR showed little association with all-cause mortality. On stratification per ABSI quartiles,

mortality risk increased linearly and significantly with ABSI in men, but not in women with

CKD. Both BMI and WC showed significant but U-shaped association with mortality in the

non-CKD cohort and in men with CKD. WHtR also showed significant U-shaped association

with mortality in men.

Conclusions

In the Japanese population, ABSI showed significant and linear correlation with mortality

risk in men but not in women, especially in the presence of CKD.

Introduction

A body shape index (ABSI) was formulated based on the National Health and Nutrition Exam-

ination Survey (NHANES) cohort to serve as a predictive anthropometric measure for all-

cause mortality [1]. ABSI is calculated based on body height (BH), body weight (BW), and

waist circumference (WC). A high value of ABSI suggests relatively higher WC compared to

BH and BW [1]. Dual-energy X-ray absorptiometry measurements indicated that ABSI is posi-

tively correlated with fat mass index and negatively correlated with fat-free mass index [2].

Body mass index (BMI) has been widely used to identify overweight or obese individuals so

that appropriate measures can be taken to prevent the development of diabetes, hypertension,

and dyslipidemia, with the ultimate goal of preventing cardiovascular events. Although, many

epidemiologic studies that used BMI as a variable showed there is a U-shaped or J-shaped asso-

ciation between BMI and mortality risk not only in the Japanese population [3,4] but also in

the Caucasian population [5–7], a proportional association was noted between ABSI and mor-

tality risk [1, 8–12]. WC is thought to reflect central obesity and therefore is sometimes used as

a complementary parameter of BMI; however, WC is sensitive to body size. Waist-to-height

ratio (WHtR) was also reported to be a better marker than BMI for predicting mortality [13],

but its usefulness in the clinical setting remains uncertain.

The presence of chronic kidney disease (CKD) affects relationships between anthropomet-

ric measures and mortality. In CKD patients, the effect of BMI on mortality is controversial.

Some [14–16] reported lower BMI associated with mortality risk, however, others [17–19]

showed no consistent effect. In the evaluation of ABSI, only one paper [20] reported that CKD

stage G5D cancelled the effect of ABSI on mortality. Further, a recent report from Taiwan [21]

showed a reverse-J shape relation between BMI and mortality in CKD males, but no consistent

relationship was observed in CKD females. These relationships of ABSI have not been reported

so far. Therefore, we assessed the specific influence of sex and chronic kidney disease (CKD)

on the predictive value of ABSI for all-cause mortality.

Methods

a. Study design and population

In 2008, the Japanese government started a new annual health check program (the “Specific

Health Checkup”) to support early diagnosis and intervention in metabolic syndrome. The tar-

get population comprises Japanese citizens aged 40–74 years and residing in different geo-

graphic regions [22–25]. A total of 295,297 individuals were registered in the annual health

check program to be followed-up between 2008 and 2012 (Fig 1). Individuals with missing

Predictive power of ABSI for all-cause mortality in the Japanese population

PLOS ONE | https://doi.org/10.1371/journal.pone.0177779 May 16, 2017 2 / 14

Project for Renal Disease” from Japan Agency for

Medical Research and Development, AMED.

Competing interests: There are no conflicts of

interest to declare.

https://doi.org/10.1371/journal.pone.0177779


Fig 1. Flow chart of participant enrollment. Of the 295,297 individuals registered in the Specific Health

Checkup program, 134,672 were excluded because of missing data or advanced age (>72 years), since the

study was planned with a 4-year follow-up and the Specific Health Checkup program covered only individuals

younger than 75 years. Finally, 160,625 individuals were included in our analysis. Abbreviations: BMI, body mass

index; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin;

HDL-C, high-density lipoprotein cholesterol; SBP, systolic blood pressure; WC, waist circumference.

https://doi.org/10.1371/journal.pone.0177779.g001
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laboratory data were excluded. For example, 56,023, 11,271, and 464 individuals were excluded

for missing data regarding the estimated glomerular filtration rate (eGFR), glycated hemoglo-

bin (HbA1c) levels, and urine dipstick test results, respectively. Another 13,553 individuals

were excluded for lacking information regarding past CVD events or because of advanced age

(72–75 years), since the study involved a 4-year follow-up and the Specific Health Checkup

program only covered individuals younger than 75 years. Finally, 160,625 individuals were

included in the present analysis.

We performed an observational cohort study with all-cause mortality as the primary out-

come measure. Information regarding death events occurring between 2008 and 2012 was

obtained from the national death records. Further details regarding the methods applied in

this study were previously described elsewhere [25]. This study was conducted according to

the guidelines of the Declaration of Helsinki and was granted ethical approval by the ethics

committee of Fukushima Medical University (No. 1485, 2771). Informed consent was not

obtained from each participant because all data were anonymized before analysis.

b. Baseline measurements

WC was measured at navel level, at the end of normal exhalation, with the participant standing

upright. In participants with severe obesity, WC was measured at the mid distance between

the lower edge of the rib cage and the superior anterior iliac spine. BH and BW were measured

with the participant wearing light clothing but no shoes. BMI was calculated based on BH and

BW (kg/m2).

Blood samples were obtained with the participants in fasting state. Urine dipstick test result

was recorded as (-), (+/-), (1+), (2+), and (3+), with proteinuria defined at 1+ or more. The

eGFR values were derived using the following equation specific to the Japanese population

[26]:

eGFRðmL=min=1:73m2Þ

¼ 194� ageðyearsÞ� 0:287
� serum creatinineðmg=dLÞ� 1:094

ð�0:739 if femaleÞ

Systolic blood pressure (SBP) was measured using a standard sphygmomanometer or an

automated device on the right arm after the participant had rested for 5 minutes in a seated

position. CKD was defined as eGFR<60 mL/min/1.73 m2 or having proteinuria (1+ and more

in the dipstick test). All subjects completed a questionnaire to document their medical history

and current medications. Brain attacks included brain infarction and hemorrhage. Cardiac

events included myocardial infarction and cardiac angina.

c. Statistical analysis

All statistical analyses were performed using SPSS version 20.0J (SPSS Inc., Chicago, IL),

except for the calculations involving Harrell’s C-index, for which the differences between mod-

els were analyzed according to a previously described protocol [27] using STATA/MP version

14 (StataCorp, College Station, TX). Data are expressed as mean ± standard deviation (SD).

The study sample was stratified based on sex and the presence of CKD. Clinical and metabolic

data were compared using the Kruskal-Wallis test, while categorical data were compared using

the chi-squared test. Correlation coefficients describing the relationship among anthropomet-

ric parameters were computed using Spearman’s or Pearson’s method, as appropriate. Subse-

quently, Cox regression analyses were performed to examine the independent association of

anthropometric parameters with all-cause mortality. In the multivariable analysis, these associ-

ations were assessed after adjustments for age and sex (model 1), as well as for SBP, high-
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density lipoprotein cholesterol (HDL-C) levels, HbA1c levels, eGFR, use of drugs (against

hypertension, diabetes, and dyslipidemia), past history of CVD, and current smoking status

(model 2). Statistical significance was defined as P<0.05.

Finally, the sex-specific effect of CKD on mortality was assessed using C-statistics. Model A

included adjustment for ABSI (+1SD), age (+1SD), SBP (+1SD), HDL-C levels (+1SD), HbA1c

levels (+1SD), drug use status (anti-hypertensive, anti-diabetes, or anti-dyslipidemia drug

user), past CVD history, and smoking status (smoker). Another model was created after enter-

ing CKD into model A (model A+CKD). The predictive power for all-cause mortality was veri-

fied for each model, separately in men and in women.

Results

a. Sex-specific histograms of anthropometry parameters

The sex-specific distribution of values for each anthropometric parameter (S1 Fig) is approxi-

mately normal. However, differences were noted between men and women for each

parameter.

b. Age-specific changes in anthropometric parameters

ABSI and WHtR increased linearly with age, particularly in women (Fig 2A and 2B; 2G and

2H; respectively). In contrast, BMI and WC decreased linearly or remained constant with age

in men, whereas they increased linearly with age in women (Fig 2C and 2D; 2E and 2F; respec-

tively). As sex-specific differences were noted for each parameter, further analyses were neces-

sarily adjusted for age and sex.

c. Relevance of sex and CKD

The participants were stratified according to presence of CKD (Table 1). The prevalence of

CKD was 17.4%. Regarding the overall distribution of values of anthropometric parameters,

the effect of sex-based stratification was stronger than that of CKD-based stratification. Inter-

group differences were also noted for other baseline parameters (e.g., SBP, HDL-C levels,

HbA1c levels). All-cause mortality during the 4-year follow-up was higher in the CKD cohort;

mortality was also higher in men than in women. Participants’ characteristics also divided by

ABSI quartile in men and women were shown in S Tables 1 and 2, respectively. In men, as

ABSI increased, SBP, A1c, and mortality rate increased, however, in women this relationship

was blunted. Past history of CVD also paralleled with ABSI in both sexes; however, current

smoking was not constant in both sexes.

d. Correlation of anthropometric parameters according to sex and

presence of CKD

Pairwise correlation coefficients for ABSI, BMI, WC, WHtR, BH, and BW were computed

after stratification according to sex and presence of CKD (S1–S4 Tables). Similar patterns were

observed for all groups. Specifically, ABSI did not correlate with BMI, BH, or BW, and showed

only modest correlation with WC and WHtR, suggesting that ABSI is independent from BMI.

BMI correlated strongly with WC, WHtR, and BW, but not with BH.

e. Risk factors for all-cause mortality

During the follow-up, 1.0% and 1.9% of participants died in non-CKD and CKD cohort,

respectively. Hazard ratios for all-cause mortality were calculated per 1-SD increase in each

anthropometric parameter (Table 2). In men with or without CKD, the 1-SD increase in ABSI
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was associated with a significant increase in mortality risk both according to Model 1 (adjusted

for age and sex) and according to Model 2 (adjusted for age, sex, SBP, HDL-C levels, HbA1c

levels, eGFR, anti-hypertensive drug use, anti-diabetic drug use, anti-hyperlipidemic drug use,

past history of cardiovascular disease, and current smoking status); fully adjusted hazard ratio

(HR) and 95% confidence intervals (CI) of non-CKD cohort, 1.30 (1.18 to 1.43), p<0.01; CKD

cohort, 1.16 (1.01 to 1.34), p<0.04. In women, ABSI did not show significant association with

Fig 2. Age-specific changes in the values of anthropometric parameters. The analysis was performed separately in men (blue) and

women (red). ABSI (A and B) and WHtR (G and H) increase linearly with age, particularly in women. On the other hand, BMI (C and D) and

WC (E and F) decrease linearly or remain unchanged with age in men, whereas they increase linearly with age in women. Abbreviations:

ABSI, a body shape index; BMI, body mass index; WC, waist circumference; WHtR, waist-to-height ratio.

https://doi.org/10.1371/journal.pone.0177779.g002

Table 1. Characteristics at enrollment.

non-CKD cohort CKD cohort p value

Number, n (%) 132,647 (82.6%) 27,978 (17.4%)

Age, years old 61.1 (8.1) 64.1 (6.4) <0.01

Sex, women 61.0% 47.4% <0.01

ABSI Men 0.0808 (0.0036) 0.0807 (0.0036) <0.01

Women 0.0835 (0.0055) 0.0837 (0.0053) 0.02

BMI, kg/m2 Men 23.9 (3.1) 24.6 (3.1) <0.01

Women 23.0 (3.4) 23.8 (3.8) <0.01

WC, m Men 0.85 (0.08) 0.87 (0.08) <0.01

Women 0.83 (0.10) 0.85 (0.10) <0.01

WHtR Men 0.52 (0.05) 0.53 (0.05) <0.01

Women 0.55 (0.07) 0.56 (0.07) <0.01

BH, m Men 1.65 (0.06) 1.64 (0.06) <0.01

Women 1.52 (0.06) 1.52 (0.06) 0.10

BW, kg Men 65.1 (9.7) 66.3 (9.5) <0.01

Women 53.2 (8.3) 55.0 (9.0) <0.01

SBP, mmHg 128 (17) 132 (18) <0.01

HDL-C, mg/dL 61.5 (15.6) 58.3 (15.5) <0.01

HbA1c, % 5.33 (0.68) 5.45 (0.85) <0.01

eGFR, mL/min/1.73m2 79.1 (13.9) 58.6 (14.5) <0.01

Anti-hypertensive drug 23.2% 38.2% <0.01

Anti-diabetes drug 4.2% 7.5% <0.01

Anti-dyslipidemic drug 12.6% 17.6% <0.01

Past history of CVD 6.7% 11.9% <0.01

Current smoking 14.9% 13.4% <0.01

Urine dipstick test <0.01

- 92.1% 63.0%

± 7.9% 6.8%

1+ 0.0% 20.5%

2+ 0.0% 7.3%

3+ 0.0% 2.3%

Data given as mean (standard deviation) unless otherwise specified. P-values refer to the differences between the CKD and non-CKD cohorts.

Abbreviations: CKD, chronic kidney disease; ABSI, a body shape index; BMI, body mass index; WC, waist circumference; WHtR, waist-to-height ratio; BH,

body height; BW, body weight; SBP, systolic blood pressure; HDL-C, high-density lipoprotein cholesterol; HbA1c, glycated hemoglobin; eGFR, estimated

glomerular filtration rate; CVD, cardiovascular disease.

https://doi.org/10.1371/journal.pone.0177779.t001
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all-cause mortality, especially in the CKD cohort; fully adjusted HR and 95% CI of non-CKD

cohort, 1.07 (0.99 to 1.17), p = 0.09; CKD cohort, 0.98 (0.84 to 1.14), p = 0.78. Risk of covariates

other than ABSI was shown in S7 Table. Age, SBP, past CVD history, and current smoking

were positively and significantly associated with all-cause mortality. Oddly, eGFR was posi-

tively correlated with mortality in subjects with normal eGFR level (≧60 mL/min/1.73m2).

Conversely, increased BMI was associated with significantly lower risk in men, but no consis-

tent association was noted in women. WC and WHtR also showed no consistent association

with all-cause mortality.

Subsequently, each group was further stratified into quartiles based on the distribution of

values for each anthropometric parameter evaluated. HRs for all-cause mortality was calcu-

lated considering the first quartile as reference (Table 3and S8 Table). Both Model 1 and

Table 2. Risk for all-cause mortality for each 1SD increment in the value of relevant anthropomorphic parameters.

Men Women

non-CKD cohort CKD cohort non-CKD cohort CKD cohort

HR (95%CI) P-value HR (95%CI) P-value HR (95%CI) P-value HR (95%CI) P-value

ABSI, +1SD Model 1 1.38 (1.26 to 1.52) <0.01 1.23 (1.07 to 1.42) <0.01 1.09 (1.00 to 1.18) 0.049 1.00 (0.87 to 1.16) 0.97

Model 2 1.30 (1.18 to 1.43) <0.01 1.16 (1.01 to 1.34) 0.04 1.07 (0.99 to 1.17) 0.09 0.98 (0.84 to 1.14) 0.78

BMI, +1SD Model 1 0.90 (0.83 to 0.97) <0.01 0.87 (0.78 to 0.98) 0.02 0.97 (0.89 to 1.06) 0.53 1.15 (1.02 to 1.31) 0.03

Model 2 0.87 (0.80 to 0.94) <0.01 0.84 (0.74 to 0.95) 0.01 0.91 (0.83 to 1.00) 0.047 1.03 (0.90 to 1.19) 0.66

WC, +1SD Model 1 1.02 (0.94 to 1.10) 0.64 0.93 (0.83 to 1.05) 0.22 1.01 (0.93 to 1.11) 0.75 1.13 (0.98 to 1.29) 0.09

Model 2 0.98 (0.90 to 1.06) 0.59 0.88 (0.78 to 1.00) 0.045 0.96 (0.88 to 1.05) 0.38 1.00 (0.86 to 1.16) 0.99

WHtR, +1SD Model 1 1.02 (0.94 to 1.11) 0.59 0.98 (0.86 to 1.10) 0.70 1.03 (0.95 to 1.12) 0.43 1.15 (1.01 to 1.31) 0.04

Model 2 0.98 (0.90 to 1.07) 0.59 0.93 (0.82 to 1.06) 0.27 0.98 (0.90 to 1.07) 0.67 1.03 (0.90 to 1.19) 0.67

Risk was assessed using Cox regression analysis. Model 1 was adjusted for age and sex. Model 2 consisted of Model 1 + adjustments for systolic blood

pressure (+1SD), high-density lipoprotein cholesterol (+1SD), glycated hemoglobin (+1SD), estimated glomerular filtration rate (+1SD), drug use (anti-

hypertension, anti-diabetes, or anti-dyslipidemia), past history of cardiovascular disease, and current smoking status (smoker).

Data given as hazard ratio (HR) with 95% confidence interval (95%CI).

Abbreviations: ABSI, a body shape index; BMI, body mass index; CKD, chronic kidney disease; SD, standard deviation; WC, waist circumference; WHtR,

waist-to-height ratio.

https://doi.org/10.1371/journal.pone.0177779.t002

Table 3. ABSI quartile for all-cause mortality in participants with and without chronic kidney disease.

Q1 Q2 Q3 Q4

HR (95%CI) P-value HR (95%CI) P-value HR (95%CI) P-value

Men non-CKD Model 1 1.00 (Ref) 1.06 (0.85 to 1.32) 0.61 1.39 (1.13 to 1.71) 0.01 1.65 (1.35 to 2.01) <0.01

Model 2 1.00 (Ref) 1.02 (0.82 to 1.27) 0.87 1.30 (1.06 to 1.60) 0.01 1.48 (1.21 to 1.80) <0.01

CKD Model 1 1.00 (Ref) 0.86 (0.62 to 1.19) 0.35 1.02 (0.75 to 1.39) 0.91 1.47 (1.10 to 1.96) 0.01

Model 2 1.00 (Ref) 0.84 (0.61 to 1.17) 0.31 0.97 (0.71 to 1.32) 0.85 1.34 (1.01 to 1.79) 0.046

Women non-CKD Model 1 1.00 (Ref) 1.15 (0.87 to 1.52) 0.32 1.34 (1.03 to 1.75) 0.03 1.31 (1.00 to 1.71) 0.049

Model 2 1.00 (Ref) 1.13 (0.86 to 1.49) 0.38 1.31 (1.00 to 1.71) 0.047 1.27 (0.97 to 1.66) 0.08

CKD Model 1 1.00 (Ref) 1.10 (0.70 to 1.71) 0.69 1.00 (0.64 to 1.57) 0.99 1.12 (0.71 to 1.75) 0.63

Model 2 1.00 (Ref) 1.05 (0.67 to 1.64) 0.85 0.93 (0.60 to 1.47) 0.77 1.05 (0.67 to 1.65) 0.82

Risk was assessed using Cox regression analysis. Model 1 was adjusted for age. Model 2 consisted of Model 1 + adjustments for systolic blood pressure

(+1SD), high-density lipoprotein cholesterol (+1SD), glycated hemoglobin (+1SD), estimated glomerular filtration rate (+1SD), drug use (anti-hypertension,

anti-diabetes, or anti-dyslipidemia), past history of cardiovascular disease, and current smoking status (smoker).

Data given as hazard ratio (HR) with 95% confidence interval (95%CI) and stratified by quartiles (Q1 to Q4) for the distribution of values for each

anthropometric parameter.

Abbreviations: ABSI, a body shape index; CKD, chronic kidney disease; Ref, reference.

https://doi.org/10.1371/journal.pone.0177779.t003
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Model 2 indicated that the hazard ratios describing the association between ABSI and mortal-

ity risk increased significantly in a stepwise fashion in both men and women without CKD, as

well as in men with CKD, but not in women with CKD. In contrast, BMI and WC showed a

significant but U-shaped association with mortality in the non-CKD cohort and in men with

CKD. WHtR showed no significant association with mortality.

To evaluate the validity of Cox proportional model, the log minus log function at mean of

ABSI quartile was calculated. Graphs indicated that proportional hazard assumption applied

in men (S2A Fig) but not in women (S2B Fig).

f. Correlation between WC and BW2/3×BH-5/6

According to the original report describing ABSI [1], the predictive capability of ABSI stems

mainly from the high and positive correlation between WC and BW2/3 × BH-5/6. In other

words, the difference in ABSI reflects the difference in WC given BW and BH. Indeed, we

found very high and positive correlation (r = 0.837) between WC and BW2/3 × BH-5/6 in our

Japanese cohort. In men and women, the correlation coefficients were 0.884 and 0.829, respec-

tively. Further stratification according to the presence of CKD did not affect these correlations.

g. Effect of sex and CKD on the discriminative ability of ABSI

We examined the C-index for all-cause mortality in men and women using Model A, which

included only ABSI, and Model A+CKD, which included ABSI and CKD (Table 4). In men,

Model A had significant predictive power for mortality, and adding CKD did not improve this

effect (P = 0.56). On the other hand, in women, adding CKD improved predictive power sig-

nificantly (P = 0.02).

Discussion

Our main finding is that the new anthropometric measure ABSI can be applied to predict all-

cause mortality in Japanese men, but it shows only weak association with all-cause mortality in

Japanese women, especially in the presence of CKD. ABSI was originally developed based on

the NHANES cohort, which mainly consisted of white, black, and Hispanic participants [1]. If

ABSI is defined as WC / (BMI2/3×BH1/2), higher ABSI implies relatively higher WC given simi-

lar BH and BW, since WC is highly proportional to BW2/3×BH-5/6 [1].

To date, 17 epidemiological studies using ABSI have been published. Overall, ASBI showed

superior predictive power for mortality or morbidity in Caucasians than in Asians. Five inves-

tigations assessed all-cause mortality as an endpoint. Of these, three reports based on data

Table 4. Sex-specific differences in C-indexes regarding predictive power for all-cause mortality.

C-index P-value P-value between models

Men Model A 0. 65 (0.62 to 0.67) <0.01 0.56

Model A+CKD 0.64 (0.62 to 0.67) <0.01

Women Model A 0.60 (0.57 to 0.63) <0.01 0.02

Model A+CKD 0. 62 (0.59 to 0.65) <0.01

Discriminating power was assessed using C-statistics.

Model A was adjusted for a body shape index (+1SD), age (+1SD), systolic blood pressure (+1SD), high-density lipoprotein cholesterol (+1SD), glycated

hemoglobin (+1SD), estimated glomerular filtration rate (+1SD), drug use (anti-hypertension, anti-diabetes, or anti-dyslipidemia), past history of

cardiovascular disease, and current smoking status (smoker).

Abbreviations: CKD, chronic kidney disease; SD, standard deviation

https://doi.org/10.1371/journal.pone.0177779.t004
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from Caucasian participants indicated that ABSI could predict mortality [1, 9, 28], while one

paper failed to demonstrate the significance of ABSI in Iranian women without exploring this

finding [29]. Another study, which enrolled dialysis patients and was the only study to con-

sider CKD patients, also reported no significance of ABSI in the Turkish population [20].

Three studies assessing all-cause mortality and CVD death indicated that ABSI had predictive

power in European populations [8, 10, 12]. Another nine studies enrolled European, Iranian,

Indonesian, Chinese, and Japanese participants but provided conflicting results regarding the

significance of ABSI for detecting or predicting comorbidities such as diabetes, hypertension,

and dyslipidemia [30–38].

Taken together, the findings of these previous studies indicate that there are race-specific

differences in the predictive power of ABSI, which was originally formulated based on data

from white, black, and Hispanic individuals [1]. It assumed that there are some anthropomet-

ric differences between Caucasians and Asians. For example, Asians are relatively shorter than

Caucasians. In addition, WC measurement approaches vary. Specifically, in the original study

that described ABSI, WC was measured at the iliac crest [1], whereas studies from Japan and

China involved WC measured at the umbilicus level [30, 32, 33]. Another study from Indone-

sia did not describe the WC measuring method [35].

In addition to racial differences, significant sex-specific differences were noted in our study,

as well as in past reports [28, 36, 37]. Specifically, we found that the predictive power of ABSI

for mortality was not evident in women with CKD, whereas some significance was noted in

women without CKD. There are some speculations why ABSI may not be a good predictor for

mortality or morbidity in women. First, for women, the mortality rates in our Japanese cohort

were relatively lower than those noted in Caucasian cohorts [1, 9, 27]. The small number of

deaths among the women in our cohort might have decreased the statistical power for the

mortality analysis. Second, the original paper indicated that ABSI is higher in men than in

women [1], whereas our data indicated the opposite, which might also be related to race-spe-

cific differences. Third, the correlation between WC and BW2/3×BH-5/6 was not as good in our

female cohort, which is relevant because high correlation between these measures forms the

basis of the predictive power of ABSI. Fourth, fat distribution differs by sex, with more central

fat deposition in women, and could be one reason that the effect of ABSI on mortality was not

seen [2,39].

The impact of CKD on mortality may be sex-specific. Our C-statistics showed that presence

of CKD in women increased the predictive power of ABSI, but this phenomenon was not

observed in men. A similar effect was also observed in a survey of a cohort based on the general

Japanese population [40], which indicated that the presence of CKD and other covariates simi-

lar to those included in our study was significantly correlated to cardiovascular events in

women. The reason women experience a more pronounced effect of CKD in terms of morbid-

ity or mortality remains unclear.

Risk for all-cause mortality of covariates when fully adjusted Cox analysis, age, SBP, past

CVD history, and current smoking were almost significantly and positively associated. How-

ever, increase of eGFR of subjects whose eGFR 60 mL/min/1.73m2 and more also significantly

and positively associated with all-cause mortality. This phenomenon was previously reported

in a meta-analysis of general population cohorts [41]. Higher eGFR values did not correlate

well with inulin clearance [26]. Therefore, higher eGFR values need to be interpreted carefully.

Three are some limitations in our study. First, information of chronic preexisting condi-

tions except past CVD, such as chronic obstructive pulmonary disease or malignancy, is

unavailable and is often associated with low body weight or low BMI. The health checkup

questionnaire did not request this information. Further, smoking status information was col-

lected only as current smoking or not, so past smoking history was unavailable. Second, we
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could not exclude the possibility that the statistical power of analysis was affected by the rela-

tively low incidence of death (compared to that noted in the original US cohort, especially for

women) during the 4-year follow-up. Further studies are warranted to clarify whether ABSI is

suitable for mortality prediction in Japanese women. Finally, it is difficult to perform a direct

comparison between the results from different countries given the variability in the methods

of measuring WC.

Despite its limitations, the present study brought evidence that ABSI has significant and lin-

ear association with mortality risk in Japanese men but not in women, especially in the pres-

ence of CKD. Our findings regarding ABSI are relevant since predicting mortality based on

BMI is difficult, as many reports have described a U-shaped or J-shaped relationship between

BMI and mortality [3–7].
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