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A Body Shape Index (ABSI)
achieves better mortality risk
stratification than alternative
indices of abdominal obesity:
results from a large European
cohort

Sofia Christakoudi*2*?, Konstantinos K. Tsilidis', David C. Muller', Heinz Freisling*,
Elisabete Weiderpass*, Kim Overvad®*5, Stefan Séderberg’, Christel Higgstrom?®?®,
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Abdominal and general adiposity are independently associated with mortality, but there is no
consensus on how best to assess abdominal adiposity. We compared the ability of alternative waist
indices to complement body mass index (BMI) when assessing all-cause mortality. We used data
from 352,985 participants in the European Prospective Investigation into Cancer and Nutrition (EPIC)
and Cox proportional hazards models adjusted for other risk factors. During a mean follow-up of

16.1 years, 38,178 participants died. Combining in one model BMI and a strongly correlated waist
index altered the association patterns with mortality, to a predominantly negative association for BMI
and a stronger positive association for the waist index, while combining BMI with the uncorrelated

A Body Shape Index (ABSI) preserved the association patterns. Sex-specific cohort-wide quartiles

of waist indices correlated with BMI could not separate high-risk from low-risk individuals within
underweight (BMI<18.5 kg/m?) or obese (BMI =30 kg/m?) categories, while the highest quartile of
ABSI separated 18-39% of the individuals within each BMI category, which had 22-55% higher risk
of death. In conclusion, only a waist index independent of BMI by design, such as ABSI, complements
BMI and enables efficient risk stratification, which could facilitate personalisation of screening,
treatment and monitoring.
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Abbreviations

ABSI A Body Shape Index

BMI Body mass index

EPIC European Prospective Investigation into Cancer and Nutrition
HC Hip circumference

HI Hip Index

HR Hazard ratio

NHANES National Health and Nutrition Examination Survey
WwC Waist circumference

WHO World Health Organisation

WHR Waist-to-hip ratio

Obesity contributes to premature death' but specific fat locations are differentially associated with the outcomes
of obesity, with the metabolic complications of obesity associated positively with abdominal adiposity and nega-
tively with gluteofemoral adiposity®. Correspondingly, individuals with normal-weight and abdominal obesity
can show metabolic alterations and, hence, a higher risk of death, while obese individuals without abdominal
adiposity can remain “metabolically healthy”*-6. The European Prospective Investigation into Cancer and Nutri-
tion (EPIC) was the first large study to confirm that both abdominal and general adiposity are independently
associated with the risk of death and to recommend using a waist index in addition to BMI".

Nevertheless, while general obesity is widely evaluated with body mass index (BMI)?, according to the well-
known World Health Organisation (WHO) categories’, there is no current consensus on how best to assess
abdominal adiposity and various anthropometric indices incorporating waist circumference (WC) have been
proposed in the literature!®-1°. A major problem when assessing abdominal adiposity stems from the strong cor-
relation between BMI and WC. This hinders risk stratification within underweight or obese (BMI > 35 kg/m?)
categories, when BMI is combined with WC or the waist-to-hip ratio (WHR)", and precludes personalisation
of screening and clinical management". To account for the correlation with BMI, separate cut-offs for WC have
been proposed for individual BMI categories®® and genetic studies have used residuals of WC or WHR adjusted
for BMI*'. A Body Shape Index (ABSI), however, was specifically designed as independent from BMI*%. ABSI is

SCIENTIFIC REPORTS |

(2020) 10:14541 | https://doi.org/10.1038/541598-020-71302-5



www.nature.com/scientificreports/

based on the allometric principle?® %%, previously used for the development of BMI*® (see Supplementary Note

online), and is positively associated with all-cause mortality?>?°-**. In analogy to ABSI, an allometric Hip Index
(HI) was developed as an independent of BMI alternative to hip circumference (HC), the traditional measure
of gluteofemoral adiposity**.

To provide clarity about the usefulness of various body shape indices when assessing the risk of death, we
compared systematically combinations of traditional or non-traditional body shape indices with BMI, using
data from the large EPIC cohort, which has accumulated seven years longer follow-up and double the number
of deaths since the original report’. Our aim was to determine the most appropriate body shape index, which
can provide additional information to BMI and can enable risk stratification, i.e. separation into high-risk and
low-risk subgroups, within each WHO category of BMI.

Methods

Study population. The EPIC cohort and data accrual have previously been described”-**-*”. Supplementary
Fig. S1 online shows a flow diagram of individuals included in the current study, with sequential exclusions
related to data availability and quality.

Endpoint. The outcome was death from all causes. Cause-specific analyses were beyond the scope of this
study. Vital status and the date of death were ascertained via record linkage to cancer or death registries or by
active follow-up, including enquiries to municipal registries, physicians, hospitals, or next of kin’.

Anthropometric indices. Anthropometric measurements were obtained by trained personnel and were
systematically adjusted for clothing, as previously described” *°. Individuals with self-reported values were
excluded. In the main analyses, we used BMI (as an index of general adiposity); ABSI, WC and WHR (as indices
of abdominal adiposity); HC and HI (as indices of gluteofemoral adiposity). We additionally examined for com-
parison alternative WC-based anthropometric indices. The calculation of anthropometric indices is described
below, with the relevant reference (ref) cited at the end of each formula:

ABSI (A Body Shape Index) = 1,000*WC*Wt ~2**Ht"® ref*?

AVI (Abdominal Volume Index) = (2*(WC*100)2+0.7*(WC*100 — HC*100)?)/1,000 ref'!

BMI (Body Mass Index) = Wt/Ht?

BRI (Body Roundness Index) =364.2-365.5*(1 - ((0.5*WC/m)*/(0.5*Ht)?))%* ref'*

Conl (Conicity Index) = WC/(0.109*(Wt/Ht)®) ref's

eTBF (estimated Total Body Fat)=100 * (-Z+ A -B)/C, where A =(4.15*WC*39.3701),
B=(0.082*Wt*2.20462), C = (Wt*2.20462), Z=98.42 (men), Z=76.76 (women) ref'?

RFM (Relative Fat Mass) = 64 — (20*Ht/WC) + (12*S), where S=0 (men), S=1 (women) ref!

HI (Hip Index) = HC * Wt “C4824 0310 pef’t

WHR (Waist-to-Hip Ratio) = WC/HC

WHIR (Waist-to-Height Ratio) = WC/Ht

WWI (Weight-adjusted Waist Index) = (WC*100)/(Wt°?) ref'?

WCadjBMI (WC adjusted for BMI) and WHRadjBMI (WHR adjusted for BMI) were derived as the residuals
of sex-specific linear regression models WC (or WHR) ~ BMI + study centre.

HC—hip circumference (m); WC—waist circumference (m); Ht—height (m); Wt—weight (kg). ABSI was
multiplied by 1,000 to derive numbers in the order of magnitude of WC, which would be more intuitive to use
than the original values, which are <0.1. The formula for eTBF incorporates factors to convert the measurements
into units matching the original formula: 39.3701 for a conversion from m to in and 2.20462 from kg to lbs.

Statistical analysis. We examined men and women separately. We summarised continuous variables
with mean (standard deviation, SD) and categorical variables with percentages of individuals per category. We
assessed associations between obesity indices with partial Pearson correlation coefficients (r), adjusted for age
at recruitment and study centre. We additionally examined the association of body shape indices with BMI in
linear regression models adjusted for age at recruitment and study centre, using for each body shape index sex-
specific z-scores calculated as (index—mean)/SD. Using z-scores on an SD scale enabled comparisons between
obesity indices measured with different units. Using a 5 kg/m? increment for BMI approximated the difference
in BMI between neighbouring WHO categories of BMI, such that the Wald tests from these models evaluated a
linear trend by BMI category.

We compared body shape indices in three steps, as described below:

First, we examined changes in the association patterns of individual obesity indices with mortality deter-
mined by combining body shape indices with BMI in the same model. In these analyses we used a more detailed
categorisation of exposure variables, including sex-specific cohort-wide quintiles for waist and hip indices (see
cut-offs in Supplementary Table S1 online) and nine categories for BMI, with cut-offs at 18.5, 21.0, 23.5, 25.0,
26.5, 28.0, 30.0, 35.0 kg/m? (23.5 to < 25 reference)’. We used delayed-entry Cox proportional hazards models,
stratified by age (5-year intervals) and study centre, and obtained hazard ratio (HR) estimates with 95% confi-
dence intervals. The underlying time scale was age. The origin of time was at birth. Entry in the study was at the
age of recruitment and exit was at the age of censoring or death. All models included adjustment for major risk
factors for death and potential confounders: smoking status and intensity, attained education level (as the nearest
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available proxy for socioeconomic status), alcohol consumption, physical activity and height. Covariates were
categorised according to the original EPIC publication, with missing data similarly coded as a separate category’.

Second, we calculated Kaplan—-Meier estimates for 15-year probability of death for subgroups defined by BMI
and a waist index, in order to compare the ability of alternative waist indices to achieve risk stratification within
individual categories of BMI. In these analyses we used sex-specific cohort-wide quartiles for waist indices and
five WHO categories for BMI: < 18.5 (underweight); 18.5 to <25 (normal-weight: reference); 25 to <30 (over-
weight); 30 to <35 (obese grade I) and > 35 kg/m? (obese grade Il and III)°.

Third, we compared the ability of the best performing index of abdominal obesity (ABSI) and the traditional
indices (WC and WHR) to separate subgroups with low-waist and high-waist within each WHO category of
BM]I, using published cut-offs for WC and WHR. For WC, we used the WHO cut-offs (102 cm for men; 88 cm
for women)'® and the BMI-specific cut-offs proposed by Ardern et al.?’. The latter were defined for normal-
weight, overweight, obese grade I, and obese grade II and III categories (90, 100, 110, and 125 cm for men; 80,
90, 105, and 115 cm for women). We complemented the missing cut-offs for the underweight category with
10 cm lower values compared to the cut-offs proposed for the normal-weight category (80 cm for men; 70 cm
for women). For WHR, we used the WHO cut-offs (0.90 for men, 0.85 for women)'$. For ABSI we selected the
75th sex-specific cohort-wide centile (83.3 for men; 76.2 for women). We calculated adjusted HRs using Cox
proportional hazards models, as described for the first step above, with waist-by-BMI group as exposure vari-
able and low-waist-normal-weight as reference. We additionally calculated HRs for high-waist vs. low-waist
within each BMI category (function glht, package multcomp)®®. We used the likelihood ratio test to assess a
potential waist-by-BMI interaction on a multiplicative scale (function Irtest, package Imtest)*’, comparing the
cross-classification model (equivalent to a waist-by-BMI interaction model), with a model including the waist
index and BMI as individual variables.

Finally, we examined heterogeneity in the association of ABSI and BMI with mortality according to categories
of other risk factors. We created a combined cross-classification variable using ABSI-by-BMI and three categories
for each of the common risk factors for death and obesity: smoking status, physical activity, age at recruitment
or attained education. We defined the survival models as for the cross-classification with ABSI-by-BMI but
omitted the examined risk factor from the adjustment or stratification. The likelihood ratio test for statistical
interaction compared the cross-classification model with a model including ABSI-by-BMI categories and the
risk factor as separate variables.

We used R version 3.4.3 for all statistical analyses*.

Ethical approval and consent to participate. This research was conducted according to the principles
expressed in the Declaration of Helsinki. Approval for the EPIC study was obtained from the ethical review
boards of the International Agency for Research on Cancer and from all participating EPIC centres. All EPIC
participants provided written informed consent at recruitment for use of their blood samples and data in future
research. The EPIC Steering Committee approved this study in accordance with EPIC rules https://epic.iarc.fr/
access/access_appl_assessed.php.

Results

Characteristics of study participants. Cohort characteristics and waist indices are summarised by sex
and BMI category in Table 1. There were 38,178 deaths among 352,985 participants (34.3% men), for a mean
follow-up of 16.1 years (SD=3.7). The mean BMI at recruitment was 26.6 (SD=3.6) kg/m? for men and 25.5
(4.6) kg/m? for women. WHR was above the high-risk WHO cut-offs in 76% of men and only 20% of women.
WC was above the WHO cut-offs in 23% of men and women. After accounting for age at recruitment, individu-
als who died during each year showed consistently higher BMI compared to those who survived by the end of
the same year only after the first seven years (see Supplementary Table S3 online).

Waist indices formed groups according to the strength of their association with BMI.  Three
groups of waist indices emerged according to the strength of their correlation with BMI: strongly correlated
(WC-like, r=0.85), moderately correlated (WHR-like, r~0.45) and effectively uncorrelated with BMI (ABSI-
like, r=0) (Fig. 1). All waist indices moderately correlated with BMI included weight in their denominator,
except the WHR, which used HC. HC, however, was strongly positively correlated with BMI (r=0.80) and
appears to have acted as a partial adjustment of WC for BMI in the WHR. Waist indices strongly correlated with
BMI showed a similar and considerably larger SD increment per 5 kg/m* BMI (=~1.2 SD in men; =~0.9 SD in
women) compared to ABSI (=0.14 SD in men and women) (Table 1).

Combining BMI with correlated waist indices altered the association patterns with all-cause
mortality. BMI, examined individually, showed a symmetrical U-shaped association with mortality, which
was not influenced by adding ABSI or hip indices (Fig. 2a-d). Adding WC, however, shifted the association to
a predominantly negative, increasing HRs for low BMI and decreasing HRs for high BMI (Fig. 2a,c). Adding
WHR had similar, but more modest influence. WC, examined individually, showed a J-shaped association with
mortality. Adding BMI increased the HRs and resulted in a positive association for all quintiles, but further add-
ing HC had little influence (Fig. 2e,j). The association of WHR with mortality was close to linear and adding BMI
had lesser influence (Fig. 2fk). ABSI was positively associated with all-cause mortality for all quintiles in men,
but only for the high quintiles in women and was not influenced materially by adding BMI and HI (Fig. 2g,]).
Alternative waist indices showed association patterns with all-cause mortality similar to WC, WHR or ABSI,
according to the strength of their correlation with BMI (see Supplementary Fig. S2 online).
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Men

Cohort Total BMI<18.5 18.5to<25 25t0<30 30to<35 BMI =35 SD per 5 kg/m?
Cohort 120,915 451 (0.4) 41,094 (34.0) | 59,931 (49.6) | 16,744 (13.8) 2,695(2.2) |-

Deaths 18,636 (15.4) 144 (31.9) 5,979 (14.5) 8,823 (14.7) 2,993 (17.9) 697 (25.9) | -

Follow-up 15.6 (4.1) 14.4 (5.3) 15.8 (4.0) 15.7 (4.1) 15.3 (4.4) 14.5 (4.7) —0.08 (0.004)
Age 52.8 (9.6) 50.8 (15.1) 51.4 (10.7) 53.4 (9.0) 53.8 (8.6) 53.8 (8.5) 0.14 (0.004)
BMI 26.6 (3.6) 17.6 (0.8) 23.0 (1.5) 27.2 (1.4) 31.8 (1.3) 37.6(2.9) |-

Waist indices

ABSI 80.6 (4.2) 82.5(6.2) 80.1 (4.5) 80.7 (4.1) 81.4 (4.0) 81.7 (4.3) 0.14 (0.004)
AVI 18.2 (3.9) 112 (1.7) 149 (2.1) 18.6 (2.4) 23.1 (2.8) 29.1(4.2) | 1.18(0.002)
BRI .3(1.3) .0(0.5) 3.2(0.7) 4.4(0.8) .0 (0.9) 7.9 (1.3) 1.19 (0.002)
Conl 1.28 (0.08) 1.22 (0.09) 1.24 (0.07) 1.28 (0.07) 1.33(0.07) 1.37 (0.07) | 0.64 (0.003)
eTBF 22.9(6.3) 10.4 (7.5) 184 (5.6) 24.1 (4.9) 28.6 (4.5) 31.7 (4.5) | 0.89 (0.003)
RFM 26.7 (4.3) 163 (3.6) 22.9(3.2) 27.7 (2.5) 31.7 (2.0) 352(2.0) | 1.16 (0.002)
WC 94.7 (10.2) 74.1 (5.8) 86.0 (6.1) 96.2 (6.2) 107.2 (6.4) 120.2 (8.5) 1.18 (0.002)
WCadjBMI 0(0.051) 0.01 (0.058) | —0.0015 (0.049) | 0.0010 (0.050) | 0.0013 (0.055) | —0.0074 (0.077) | 0 (0.004)
WHR 0.94 (0.06) 0.84 (0.06) 0.90 (0.06) 0.95 (0.05) 0.99 (0.05) 1.02 (0.06) | 0.78 (0.003)
WHRadjBMI 0(0.051) | —0.003 (0.054) | —0.0036 (0.05) | 0.0034 (0.051) | 0.0009 (0.053) -0.025 (0.066) | 0 (0.004)
WHtR 0.54 (0.06) 0.42 (0.03) 0.49 (0.04) 0.55 (0.04) 0.62 (0.04) 0.70 (0.05) | 1.19 (0.002)
WWI 10.54 (0.69) 10.04 (0.78) 10.19 (0.63) | 10.61 (0.61) 11.04 (0.61) 11.40 (0.65) | 0.66 (0.003)
Hip indices

HC 100.9 (6.9) 88.0 (4.6) 95.7 (4.6) 101.6 (4.7) 108.4 (5.2) 117.8 (8.1) 1.06 (0.003)
HI 0.145 (0.006) |  0.153 (0.008) 0.146 (0.006) | 0.144 (0.005) 0.143 (0.006) 0.144 (0.008) | —0.26 (0.004)
Women

Cohort Total BMI<18.5 18.5t0<25 25t0<30 30to<35 BMI>35 SD per 5 kg/m?
Cohort 232,070 3,967 (1.7) 119,270 (51.4) | 73,515 (31.7) 26,181 (11.3) 9,137 (3.9) -

Deaths 19,542 (8.4) 396 (10.0) 8,530 (7.2) 6,733 (9.2) 2,720 (10.4) 1,163 (12.7) |-

Follow-up 16.4 (3.5) 16.8 (3.6) 16.6 (3.3) 162 (3.5) 15.8 (3.8) 15.4 (4.0) —0.11 (0.002)
Age 51.2 (10.5) 46.0 (12.9) 49.3 (10.8) 53.2(9.6) 54.2(9.2) 53.8(9.1) 0.23 (0.002)
BMI 25.5 (4.6) 17.7 (0.7) 22.3(1.6) 27.1(1.4) 32.0 (1.4) 38.4 (3.4) -

Waist indices

ABSI 73.1(5.2) 74.3 (5.0) 72.3 (4.9) 73.5 (5.4) 74.5 (5.6) 74.4 (5.8) 0.14 (0.002)
AVI 13.5(3.8) 7 (1.1) 11.2(1.8) 14.5(2.3) 18.3(2.8) 23.0 (4.1) 0.94 (0.001)
BRI 4 (1.5) 6(0.4) 2.5(0.7) 3.9(0.9) 4(1.2) 7.3 (1.6) 0.94 (0.001)
Conl 1.15 (0.09) 1.10 (0.07) 1.11 (0.08) 1.17 (0.09) 1.22 (0.09) 1.25(0.10) 0.51 (0.002)
eTBF 28.2(8.3) 19.2 (6.7) 24.4(6.7) 31.1(7.0) 35.6 (7.1) 37.7 (6.9) 0.63 (0.002)
RFM 34.9 (5.9) 25.0 (3.4) 31.1(3.9) 37.5(3.4) 42.2 (3.0) 46.0 (3.0) 0.92 (0.001)
WC 80.2 (11.4) | 64.5 (4.4) 73.1 (6.2) 84.1 (7.0) 94.6 (7.7) 106.2 (9.8) 0.93 (0.001)
WCadjBMI 0(0.057) | 0.011 (0.045) —0.0026 (0.049) | 0.0029 (0.059) | 0.0058 (0.068) | —0.011 (0.086) | 0 (0.002)
WHR 0.79 (0.07) 0.74 (0.05) 0.77 (0.06) 0.81 (0.07) 0.84 (0.07) 0.86 (0.07) 0.50 (0.002)
WHRadjBMI 0(0.06) |0.0061 (0.054) | —0.0034 (0.056) | 0.0056 (0.063) | 0.0064 (0.066) | —0.022 (0.07) | 0(0.002)
WHtR 0.50 (0.08) 0.39 (0.03) 0.45 (0.04) 0.52 (0.05) 0.60 (0.05) 0.67 (0.06) 0.94 (0.001)
WWI 9.85 (0.86) 9.37 (0.66) 9.51 (0.70) 10.06 (0.80) 10.54 (0.85) 10.87 (0.90) 0.54 (0.002)
Hip indices

HC 101.1 (9.3) 87.2 (4.4) 95.6 (5.2) 103.9 (5.3) 1122 (5.8) 124.0 (8.8) 0.94 (0.001)
HI 0.156 (0.007) | 0.158 (0.007) 0.156 (0.006) | 0.155 (0.006) 0.156 (0.007) 0.159 (0.008) | 0.05 (0.002)

Table 1. Cohort characteristics and body shape indices by sex and BMI categories. ABSI—A Body Shape
Index; AVI—Abdominal Volume Index; BMI—Body Mass Index; Conl—Conicity Index; eTBF—estimated
Total Body Fat; HC—Hip Circumference; HI—Hip Index; REM—Relative Fat Mass; SD—standard deviation;
WC—Waist Circumference; WCadjBMI—WC adjusted for BMI; WHR—Waist-to-Hip Ratio; WHRadjBMI—
WHR adjusted for BMI; WHtR—Waist-to-Height Ratio; WWI—Weight-adjusted Waist Index; Cohort—
number of individuals (% percentage from the total); Deaths—number of deaths (% percentage from the total
number of individuals per column); Total/BMI columns—continuous variables are summarised with mean
(SD); SD per 5 kg/m?>—mean body shape index increment on the SD scale (standard error), derived from
linear models regressing the sex-specific z-scores of the corresponding body shape index on BMI (per 5 kg/m?
increment), with adjustment for age at recruitment and study centre (all p values from the corresponding Wald
tests were <0.0001, except for WCadjBMI and WHRadjBMI); Covariates are summarised by sex and BMI
category in Supplementary Table S2 online.
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Figure 1. Heatmap of the correlation between anthropometric indices. Age—age at recruitment; AVI—
Abdominal Volume Index; ABSI—A Body Shape Index; BMI—Body Mass Index (marked with *** for
visibility); BRI—Body Roundness Index; ConI—Conicity Index; eTBF—estimated Total Body Fat; HC—Hip
Circumference; HI—Hip Index; RFM—Relative Fat Mass; WC—Waist Circumference; WCadjBMI—WC
adjusted for BMI; WHR—Waist-to-Hip Ratio, WHRadjBMI—WHR adjusted for BMI; WHtR—Waist-to-Height
Ratio; WWI—Weight-adjusted Waist Index; Cells—partial Pearson correlation coefficients (adjustment for age
at recruitment and study centre, except for age at recruitment, which was adjusted only for study centre); Men—
bottom-left half; Women—top-right half; *—WC, WHR and ABSI were used as representatives of the strongly,
moderately correlated and uncorrelated groups of waist indices in the main analyses (the correlation groups are
separated with black lines and indices within them are shown in alphabetical order).

Hip indices were weakly negatively associated with all-cause mortality. HC, examined individu-
ally, showed a U-shaped association with all-cause mortality, which was almost abolished by adding BMI, but a
modest negative association appeared after further adding WC (Fig. 2h,m). The association of HI with mortal-
ity was similar to HC, but much weaker, especially in women (Fig. 2i,n). We, therefore, examined further risk
stratification only according to waist indices.

The ability of waist indices to separate high-risk from low-risk individuals within underweight and
obese categories was dependent on their correlation with BMI.  While the highest sex-specific cohort-
wide quartile of all waist indices could separate a high-risk subgroup within the overweight BMI category, including
20% to 27% of men and 29% to 34% of women (see Fig. 3 for Kaplan-Meier estimates of 15-year probability of death
within subgroups defined according to BMI and ABSI, WC, or WHR and Supplementary Fig. S3 online for alterna-
tive waist indices), most of the underweight and obese individuals belonged to the same quartile of WC-like indices
strongly correlated with BMI. On the contrary, every BMI category included sizeable subgroups of all quartiles of
ABSI-like indices uncorrelated with BMI. The risk of death was consistently higher in the highest ABSI quartile com-
pared to the other three quartiles, justifying the use of the 75th centile as a cut-off in subsequent analyses. WHR-like
indices moderately correlated with BMI showed an intermediate pattern, with small sizes of the low-quartile sub-
groups among individuals in the obese categories. Although men with WHR in the highest quartile and BMI in the
underweight or normal-weight category showed higher mortality compared to men in the overweight or obese BMI
category, they represented only a very small proportion of men in the underweight or normal-weight BMI categories.

Individuals with high-ABSI consistently showed approximately 30% higher risk of death com-
pared to individuals with low-ABSI within each BMI category. The lowest risk of death was in the
normal-weight and the overweight subgroups with low-waist when using ABSI, WC with BMI-specific cut-offs, or
the WHR (women) to create high-risk and low-risk subgroups, but was in the overweight subgroup with low-waist
when using WC with WHO cut-offs or WHR (men) (Table 2). The highest risk of death was in the underweight and
obese grade IT and III subgroups with high-waist for the three waist indices (ABSI, WC and WHR). The high-WHR
and high-WC subgroups were very small (for low BMI) or large (for high BMI), when using WHO cut-offs. On the
contrary, the high-ABSI subgroup included 18% to 39% of the individuals within every BMI category and consist-
ently showed 22% to 55% higher risk of death compared to the corresponding low-ABSI subgroup. Although using
BMI-specific cut-offs for WC similarly permitted the separation of a sizeable high-risk subgroup within each BMI
category, the strong association between WC and BMI was retained. The difference in BMI between high-WC and
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