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Abstract
Aims/hypothesis This prospective association study aimed to compare the relationship between each of four obesity indices and
mortality risk in people with type 2 diabetes.
Methods The associations of BMI, waist circumference, WHR and A Body Shape Index (ABSI) with all-cause mortality were
analysed in 1282 participants of the Fremantle Diabetes Study, followed for up to 20 years after baseline assessment. Models
were adjusted for age and other confounders; assessments as continuous measures and by quintile were carried out for men and
women separately. Sensitivity analyses were conducted to minimise reverse causality.
Results When indices were assessed as continuous variables, there were significant bivariate associations with mortality for:
ABSI, which was greater in both men and women who died (p < 0.001); WHR, which was greater in women only (p = 0.033);
and BMI, which was lower in women only (p < 0.001). When assessed by quintile, there were significant bivariate associations
with mortality for ABSI in men and women (p < 0.001) and BMI in women only (p = 0.002). In Cox models of time to death,
adjusted for age, diabetes duration, ethnicity and smoking, ABSI quintiles showed a linear trend for both men (p = 0.003) and
women (p = 0.035). Men in the fifth ABSI quintile had an increased mortality risk compared with those in the first quintile (HR
[95% CI]: 1.74 [1.24, 2.44]) and women in the fifth ABSI quintile had an increased mortality risk that approached statistical
significance (1.42 [0.97, 2.08], p = 0.08). Men in the fifthWHR quintile had an increased mortality risk (1.47 [1.05, 2.06]). There
was no association between mortality and BMI or waist circumference in either sex.
Conclusions/interpretation ABSI was the obesity index most strongly associated with all-cause mortality in Australians with
type 2 diabetes. There was no evidence for an obesity paradox with any of the assessed indices. ABSI may be a better index of
central obesity than waist circumference, BMI or WHR when assessing mortality risk in type 2 diabetes.
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Abbreviations
ABSI A Body Shape Index
ACR Albumin/creatinine ratio
ADL Activities of daily living

eGFR Estimated GFR
FDS Fremantle Diabetes Study
PAD Peripheral arterial disease
WADLS WA Data Linkage System

Introduction

Obesity is associated with mortality in the general population.
Individuals with a normal BMI have the highest survival rate,
and mortality rates increase by 30% for each 5 kg/m2 incre-
ment in BMI [1, 2]. Controversially, a number of studies have
concluded that being overweight or mildly obese confers a
survival advantage over having a normal BMI [3, 4]. This
so-called obesity paradox was seen mainly in people with
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chronic medical conditions [4]. In people with type 2 diabetes,
the available research on the obesity paradox has provided
conflicting evidence. Several studies reported benefit from
being overweight or mildly obese [5–7], whereas others found
no such survival benefit [8–10]. A study using pooled datasets
found a non-linear U-shaped association between BMI and
mortality in diabetes; optimal survival rate was at a BMI of
33 kg/m2 [11]. An accurate characterisation of the relationship
between body weight and mortality is extremely important
given the central role of weight control in diabetes prevention
and management.

Several explanations have been invoked to explain the
obesity paradox. These include shortcomings of the methods
used in existing studies, such as limited adjustment for
confounders and failure to exclude underweight participants
who may have lost weight because of undetected medical
conditions [5, 11–13]. Smoking is a particularly important
confounder to include because of the strength of the associa-
tion between smoking and mortality in type 2 diabetes [12].
Another important consideration is the method used to assess
obesity. Most studies have utilised BMI, an obesity index that
does not take account of differences in regional fat deposition
[14]. Alternative measures have been suggested that may be
better able to account for the degree of central abdominal
adiposity; these include waist circumference, waist-to-hip
ratio (WHR) and A Body Shape Index (ABSI) [15–17].

The aim of the present study was to investigate the associ-
ations between each of these four obesity measures (BMI,
waist circumference, WHR, ABSI) and all-cause mortality in

participants with type 2 diabetes recruited to the first phase of
the Fremantle Diabetes Study (FDS), an observational study
with 20 years of follow-up.

Methods

Participant recruitment The FDS is an observational cohort
study of residents with known diabetes in an urban
community of 120,097 people in the Australian state of
Western Australia. Recruitment occurred between 1993
and 1996, and participants were offered annual assess-
ments for the next 5 years; endpoints, including death,
were subsequently ascertained through the WA Data
Linkage System (WADLS) [18]. Descriptions of recruit-
ment, sample characteristics including classification of
diabetes type, and details of non-recruited individuals have
been published [19]. Eligible residents who declined
participation were a mean 1.4 years older than participants,
but their sex distribution, the proportion with type 2 diabe-
tes and their use of blood-glucose-lowering therapies were
similar. Of 2258 identified and eligible individuals, 1426
(63%) were recruited and underwent the baseline assess-
ment. Of these individuals, 1296 had type 2 diabetes.
Participants with type 2 diabetes who had complete base-
line anthropometric data and who were not underweight
(BMI <18.5 kg/m2) comprise the present study sample.

The FDS protocol was approved by the Human Rights
Committee at Fremantle Hospital. The WA Health
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Department Health Research Ethics Committee approved
linkage of FDS participants and outcomes through the
WADLS. All participants gave written informed consent.

Clinical assessment

The baseline clinical assessment comprised a comprehensive
questionnaire, a physical examination and relevant clinical
investigations, and biochemical testing of fasting blood and
early morning urine samples [19]. Details of medical condi-
tions and their management, as well as demographic, socio-
economic, lifestyle and other data, were recorded.
Biochemical testing employed standard automated methods.
Analyses were carried out in a single nationally accredited
laboratory.

Baseline complications of diabetes were identified using
standardised definitions [20]. Micro- and macroalbuminuria
were defined from early morning urine albumin/creatinine ratio
(ACR) and estimated (e)GFR was calculated from serum creat-
inine [21]. Retinopathy was defined as one microaneurysm in
either eye or worse and/or evidence of previous laser treatment
on direct/indirect ophthalmoscopy and/or more detailed
ophthalmological data in individuals assessed for photocoagu-
lation. Participants were classified as having CHD if there was a
history of myocardial infarction, angina, coronary artery bypass
grafting or angioplasty. They were classified as having cerebro-
vascular disease if there was a history of stroke and/or transient
ischaemic attack. Peripheral arterial disease (PAD) was defined
as an ankle–brachial index ≤0.90 or the presence of a diabetes-
related lower-extremity amputation [20]. The Charlson
Comorbidity Index was used to assess the impact of non-
diabetes-related comorbidity, with diabetes and its complica-
tions excluded.

The Hospital Morbidity Data Collection contains infor-
mation regarding all hospitalisations in WA since 1970,
while the Registry for Births, Deaths and Marriages
contains information on deaths [18]. The FDS was linked
to these databases through the WADLS to provide relevant
information up to the end of December 2012. This data
linkage, providing up to 20 years of follow-up from study
entry, was used to confirm self-reported diagnoses and
dates of death.

Anthropometry

Height (cm), weight (kg), waist circumference (cm; at mid-
point between iliac crest and last palpable rib) and hip circum-
ference (cm; at the widest portion of the buttocks) were
measured by trained research nurses to assess BMI, waist
circumference, WHR and ABSI. For consistency in compari-
sons, all measures were assessed both as continuous variables
and by sex-specific quintiles. The ABSI was developed to

incorporate abdominal obesity and take account of BMI, waist
circumference and height; it is calculated as [15]:

ABSI ¼ waist circumference= BMI2=3 � height1=2
� �

:

Statistical analysis Analysis was performed using SPSS
version 23.0 (IBM, Armonk, NY, USA) and StataIC 13.1
(StataCorp, College Station, TX, USA). Two group compari-
sons were made using Fisher’s exact test for percentages,
Student’s t test for normally distributed variables and the
Mann–Whitney U test for non-normally distributed values.
A p value <0.05 was taken as statistically significant.

Given the known sex differences in mortality, all survival
rate analyses were conducted separately for men and women.
To facilitate comparison between the different anthropometric
analyses, ABSI was expressed as ABSI × 103 throughout.

Cox proportional hazards models for time to death were fitted
to obtain age-adjusted HRs initially (model 1).Models were then
adjusted for potential confounding variables (model 2) and final-
ly for additional variables likely to be on the causal pathway
between obesity and mortality (model 3). Relevant variables
for themodelswere selectedwhere p < 0.20 in bivariate statistics.
Variables were categorised as being on the causal pathway
between obesity and mortality where there was a recognised
association with obesity [22–26]. Potential confounding vari-
ables considered included: diabetes duration, alcohol intake,
smoking status (never, ex-smoker, current smoker), education
level, English fluency, ethnic background and marital status.
Variables potentially on the causal pathway between obesity
and mortality included: HbA1c, Charlson Comorbidity Index,
diabetes treatment, antihypertensive treatment, aspirin therapy,
lipid-lowering therapy, lipid levels (total cholesterol, HDL-
cholesterol, triacylglycerol), systolic and diastolic BP, retinopa-
thy, loge(urinary ACR), cerebrovascular disease, CHD, PAD,
eGFR, exercise, mobility difficulties and difficulty with activities
of daily living (ADL). The age-adjusted HR was obtained for
each quintile of baseline anthropometric measure.

As a non-linear association between BMI and mortality
was anticipated [11], tests for linearity and curvature in trend
across quintiles were performed for each anthropometric
measure by fitting (adjusted) Cox models. These used the
median of each anthropometric measure per quintile for the
linear trend and the square of the median of each anthropo-
metric measure per quintile for curvature.

Sensitivity analyses were performed in restricted groups:
(1) Anglo-Celt and Southern Europeans alone to avoid
measurement differences due to ethnic background; (2) partic-
ipants who survived for 24 months from study entry; and (3)
participants without a cancer history, to reduce the impact of
any pre-existing wasting illness. Quintiles derived from the
whole cohort were used in the sensitivity analyses for the
purpose of comparison.
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Results

Participant characteristicsOf 1296 study participants, 14 were
excluded: seven with missing anthropometric data and seven
who were underweight. This left a final sample of 1282 partic-
ipants (98.9%). Baseline clinical characteristics are
summarised in Table 1 and baseline obesity measures are
summarised in electronic supplementary material (ESM)
Table 1.

Overall, 385 men (61.6%) died during a mean follow-up of
12.3 ± 6.2 years and 341 women (51.9%) died during a mean
follow-up of 13.7 ± 5.9 years. Bivariate associations between
the four baseline obesity measures and survival rate are
presented in ESM Table 1. In both men and women, ABSI
was significantly greater in those who died (both as continu-
ous measures and as quintiles, all p < 0.001). In women only,
there were significant bivariate associations with BMI, greater
in those who died (continuous measure, p < 0.001; quintiles,
p = 0.002) and similarly withWHR (continuous measure only,
p = 0.033). Bivariate associations between non-obesity vari-
ables and mortality are presented in ESM Table 2. For men,
the variables associated with survival rate were age, diabetes
duration, HbA1c, education, ethnicity, Charlson Comorbidity
Index, mobility, ADL status, diabetes medications, antihyper-
tensive therapies, lipid-lowering agents, systolic BP, smoking
status, nephropathy, PAD and cerebrovascular disease. For
women, the list of associations was similar except for several
additional variables (alcohol consumption, marital status,
exercise, aspirin use and CHD) and some that were not asso-
ciated (education, ethnicity, lipid-lowering agents and
smoking status).

Baseline obesity and survival In Cox proportional hazards
models, age and age squared significantly predicted mortality
risk in both sexes (p < 0.001), and consequently all models
were adjusted for both variables. The age-adjusted HRs for
confounders and factors on the causal pathway between obesi-
ty and mortality risk were then assessed and all variables with
an HR with p < 0.2 were entered into relevant models. The
confounders that were identified in this way were diabetes
duration, ethnicity and smoking status. The potential causal
factors that were identified were HbA1c, diabetes treatment,
antihypertensive treatment, lipid-lowering treatment, systolic
BP, retinopathy, loge(urinary ACR), cerebrovascular disease,
CHD, PAD, eGFR, Charlson Comorbidity Index, exercise,
mobility and ADL status.

Table 2 shows HRs with 95% CIs for baseline anthropo-
metric measures as quintiles and trend tests for linearity and
curvature after adjustment for age alone (model 1), after addi-
tional adjustment for confounders (model 2) and after adjust-
ment for age, confounders and causal factors (model 3).

In models assessing the impact of BMI, there were no
significant associations for men, though the test of curvature

approached statistical significance after age adjustment. In
women, the test of curvature was significant (model 2) or
approached statistical significance (models 1 and 3). The fifth
BMI quintile had the highest HR in each model, but this was
only significant after full adjustment (model 3). In models

Table 1 Baseline clinical characteristics of the cohort by sex

Characteristic Men
(n=625)

Women
(n=657)

Age, years 63.8 ± 10.7 64.0 ± 11.7

Diabetes duration, years 4.0 [1.0–9.0] 4.0 [1.0–9.0]

HbA1c, % 7.4 [6.4–8.8] 7.4 [6.4–8.9]

HbA1c, mmol/mol 57 [46–73] 57 [46–74]

Alcohol, standard drinks/day 0.3 [0.0–1.5] 0.0 [0.0–0.1]

Education > primary, % 78.1 74.1

English fluency, % 86.2 83.2

Charlson Comorbidity Index 0, % 69.1 74.1

Charlson Comorbidity Index 1–2, % 23.8 20.4

Charlson Comorbidity Index ≥3, % 7.0 5.5

Anglo-Celtic ethnicity, % 61.4 61.0

Southern European ethnicity, % 17.0 18.9

Other European, % 9.4 7.6

Asian, % 3.4 3.2

Mixed/other, % 7.7 7.5

Indigenous, % 1.1 1.8

Married, % 73.9 58.0

Recent exercise, % 76.0 68.9

Mobility difficulties, % 20.5 21.5

ADL difficulties, % 9.3 7.6

Diet-controlled diabetes, % 32.5 31.3

Glucose-lowering agents, % 56.2 56.3

Insulin ± glucose-lowering therapy, % 11.3 12.4

Antihypertensives, % 45.4 56.5

Lipid-lowering therapy, % 10.0 11.3

Aspirin therapy, % 25.0 19.1

Systolic BP, mmHg 151 ± 23 151 ± 24

Diastolic BP, mmHg 82 ± 11 79 ± 11

Total cholesterol, mmol/l 5.2 ± 1.0 5.7 ± 1.1

HDL-cholesterol, mmol/l 0.97 ± 0.29 1.1 ± 0.33

Serum triacylglycerol, mmol/l 1.9 (1.0–3.4) 1.9 (0.4–9.1)

Smoking: never, % 24.3 64.3

Smoking: ex, % 57.2 24.0

Smoking: current, % 18.5 11.7

Retinopathy, % 31.2 23.7

Urinary ACR, mg/mmol 3.0 (0.6–14.4) 3.1 (1.9–5.2)

eGFR, ml min−1 1.73 m−2 74.7 ± 19.3 73.1 ± 21.0

Cerebrovascular disease, % 12.2 14.9

Ischaemic heart disease, % 43.4 34.3

PAD, % 23.8 24.9

Data are expressed as mean ± SD, geometric mean (SD range), median
[interquartile range] or proportions, as appropriate
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Table 2 Cox proportional hazard models for all-cause mortality for BMI, waist circumference, WHR and ABSI by sex

Index Model 1 p value Model 2 p value Model 3 p value

BMI

Men

1st quintile 1 1 1

2nd quintile 0.84 (0.62, 1.14) 0.26 0.86 (0.63, 1.17) 0.33 0.90 (0.64, 1.26) 0.53

3rd quintile 0.84 (0.61, 1.15) 0.28 0.82 (0.59, 1.12) 0.21 0.75 (0.53, 1.06) 0.11

4th quintile 0.87 (0.63, 1.19) 0.37 0.90 (0.65, 1.23) 0.51 0.75 (0.52, 1.07) 0.12

5th quintile 1.09 (0.79, 1.51) 0.59 0.99 (0.71, 1.39) 0.97 0.88 (0.62, 1.27) 0.51

Linear trend 0.60 0.98 0.33

Curvature 0.052 0.15 0.12

Women

1st quintile 1 1 1

2nd quintile 0.99 (0.72, 1.35) 0.94 0.90 (0.65, 1.25) 0.53 1.12 (0.76, 1.66) 0.56

3rd quintile 0.95 (0.68, 1.33) 0.77 0.89 (0.63, 1.26) 0.53 0.95 (0.64, 1.42) 0.81

4th quintile 0.82 (0.59, 1.15) 0.25 0.78 (0.55, 1.10) 0.16 0.96 (0.64, 1.46) 0.87

5th quintile 1.29 (0.90, 1.85) 0.17 1.29 (0.89, 1.87) 0.19 1.59 (1.02, 2.49) 0.042*

Linear trend 0.53 0.71 0.13

Curvature 0.07 0.020* 0.08

Waist circumference

Men

1st quintile 1 1 1

2nd quintile 1.16 (0.85, 1.59) 0.34 1.21 (0.88, 1.65) 0.24 1.03 (0.73, 1.47) 0.86

3rd quintile 0.89 (0.64, 1.23) 0.48 0.96 (0.68, 1.34) 0.68 0.80 (0.56, 1.15) 0.23

4th quintile 1.11 (0.81, 1.51) 0.53 1.11 (0.81, 1.53) 0.81 0.93 (0.65, 1.33) 0.69

5th quintile 1.27 (0.92, 1.76) 0.15 1.20 (0.86, 1.68) 0.86 0.90 (0.62, 1.30) 0.57

Linear trend 0.24 0.42 0.42

Curvature 0.36 0.83 0.64

Women

1st quintile 1 1 1

2nd quintile 1.23 (0.89, 1.72) 0.21 1.14 (0.82, 1.60) 0.44 1.00 (0.67, 1.49) >0.99

3rd quintile 1.09 (0.78, 1.53) 0.60 1.04 (0.74, 1.46) 0.84 0.96 (0.65, 1.40) 0.82

4th quintile 1.47 (1.05, 2.06) 0.024* 1.34 (0.95, 1.90) 0.10 1.32 (0.88, 1.97) 0.18

5th quintile 1.18 (0.82, 1.70) 0.36 1.15 (0.79, 1.67) 0.45 1.22 (0.78, 1.90) 0.39

Linear trend 0.21 0.30 0.22

Curvature 0.28 0.56 0.81

WHR

Men

1st quintile 1 1 1

2nd quintile 1.11 (0.81, 1.53) 0.50 1.26 (0.92, 1.74) 0.15 1.14 (0.80, 1.62) 0.47

3rd quintile 1.16 (0.84, 1.60) 0.36 1.31 (0.95, 1.81) 0.11 1.00 (0.71, 1.43) 0.98

4th quintile 0.98 (0.71, 1.34) 0.89 1.02 (0.74, 1.40) 0.92 0.86 (0.61, 1.23) 0.41

5th quintile 1.44 (1.03, 2.01) 0.033* 1.47 (1.05, 2.06) 0.023* 0.98 (0.67, 1.43) 0.67

Linear trend 0.13 0.13 0.47

Curvature 0.37 0.87 0.98

Women

1st quintile 1 1 1

2nd quintile 1.03 (0.73, 1.45) 0.88 1.02 (0.72, 1.45) 0.91 0.88 (0.59, 1.31) 0.53

3rd quintile 0.88 (0.61, 1.25) 0.47 0.88 (0.61, 1.27) 0.50 0.68 (0.44, 1.04) 0.08

4th quintile 0.99 (0.70, 1.40) 0.96 0.93 (0.65, 1.33) 0.70 0.75 (0.49, 1.15) 0.19

5th quintile 1.25 (0.89, 1.74) 0.20 1.20 (0.85, 1.70) 0.29 1.02 (0.68, 1.53) 0.93
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assessing waist circumference, there were no consistent asso-
ciations with mortality risk. In models assessingWHR, men in
the fifth quintile had a significantly increased HR after adjust-
ment for age (model 1: 1.44 [1.03, 2.01], p = 0.033) and
confounders (model 2: 1.47 [1.05, 2.06], p = 0.023), but there
were no associations in women.

In models assessing ABSI, there were significant linear
associations for both sexes in models after adjustment for
age and confounders (models 1 and 2). In each model, the
fifth quintile had the highest HR. The association with mortal-
ity risk was significant in men after adjustment for age (model
1: HR 1.73 [95% CI 1.23, 2.42], p = 0.002) and confounders
(model 2: HR 1.74 [95% CI 1.24, 2.44], p = 0.001). The asso-
ciation was significant in women after age adjustment alone
(model 1: HR 1.62 [95% CI 1.12, 2.34], p = 0.011) and
approached statistical significance in model 2 (HR 1.42
[95%CI 0.97, 2.08], p = 0.08). The sensitivity analyses gener-
ated similar patterns of results for all anthropometric measures
(see ESM Tables 3–6).

Discussion

In the present study, we investigated the associations between
four commonly used obesity indices and long-term survival in

type 2 diabetes. The study cohort was comprehensively
assessed, allowing the analysis to take account of important
confounding variables. There were substantial differences
found among the indices examined. In men, WHR and ABSI
were significantly associated with mortality after adjustment
for confounders: those in the fifth quintile had an increased
HR compared with those in the first quintile (mean HRs of
1.47 and 1.74, respectively). In women, those in the fifth quin-
tile of ABSI had an increased HR (mean HR 1.42) with a trend
towards statistical significance, but there was no association
with WHR. No associations with mortality were seen for
BMI or waist circumference, and there was no evidence of
an obesity paradox with any index, though the association
between BMI and mortality in women was non-linear.

ABSI had the strongest association with mortality in our
cohort. While the association in women was attenuated after
adjustment for confounders, the data suggest that a larger
sample size could have achieved a statistically significant
association. The associations with mortality that were found
were considerably attenuated after adjustment for potential
causal factors, providing a mechanistic explanation for them.
ABSI has been shown to be associated with all-cause mortal-
ity in general population studies but has not previously been
assessed in type 2 diabetes [27]. Most previous ABSI studies
in samples from the general population reported similar

Table 2 (continued)

Index Model 1 p value Model 2 p value Model 3 p value

Linear trend 0.22 0.38 0.92

Curvature 0.16 0.15 0.026*

ABSI

Men

1st quintile 1 1 1

2nd quintile 1.23 (0.86, 1.76) 0.26 1.38 (0.96, 1.98) 0.08 1.27 (0.86, 1.88) 0.24

3rd quintile 1.12 (0.79, 1.61) 0.52 1.29 (0.90, 1.85) 0.17 1.13 (0.76, 1.67) 0.55

4th quintile 1.20 (0.85, 1.70) 0.31 1.35 (0.95, 1.92) 0.10 1.12 (0.76, 1.66) 0.56

5th quintile 1.73 (1.23, 2.42) 0.002* 1.74 (1.24, 2.44) 0.001* 1.29 (0.88, 1.91) 0.19

Linear trend 0.002* 0.003* 0.36

Curvature 0.24 0.96 0.99

Women

1st quintile 1 1 1

2nd quintile 1.13 (0.76, 1.68) 0.56 1.03 (0.69, 1.55) 0.87 0.89 (0.56, 1.39) 0.60

3rd quintile 1.30 (0.89, 1.91) 0.18 1.12 (0.75, 1.66) 0.58 1.04 (0.67, 1.59) 0.87

4th quintile 1.35 (0.93, 1.97) 0.12 1.20 (0.81, 1.76) 0.36 1.11 (0.72, 1.71) 0.63

5th quintile 1.62 (1.12, 2.34) 0.011* 1.42 (0.97, 2.08) 0.08 1.13 (0.74, 1.72) 0.57

Linear trend 0.005* 0.035* 0.34

Curvature 0.99 0.63 0.81

Data are shown for first to fifth quintiles

Model 1 is adjusted for age and age squared. Model 2 is additionally adjusted for confounders (diabetes duration, ethnicity, smoking). Model 3 is fully
adjusted for age, confounders and possible causal factors on the pathway between obesity and mortality
* Statistically significant, p<0.05
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findings to those of the present study, with mortality associa-
tions limited to those with the highest degrees of central obesi-
ty [28–34]. Associations with mortality were stronger for
ABSI than for BMI [30, 34, 35], WHR [30, 32] or waist
circumference [31, 35, 36]. Fewer studies have explored sex
differences, but a Swedish study reported associations
between ABSI and mortality in both men and women [32],
supporting the possibility that the lack of an association for
women in the present study reflected the limited study power.
ABSI is derived from waist circumference adjusted for both
height and weight; it was originally designed to assess the
impact of central obesity while taking account of body size
[15]. The findings of the present study suggest that ABSI may
be a more accurate measure of body weight-associated mortal-
ity risk in type 2 diabetes than other commonly used indices of
obesity.

The lack of evidence for an obesity paradox in the present
study may be explained by the efforts taken to avoid reverse
causation [37] by eliminating underweight participants at
baseline and controlling for important confounders, including
current/prior smoking, that could affect the association
between obesity and mortality via collider bias [12, 38]. The
present data lend support to the contention that the obesity
paradox may be explained by an intrinsic deficiency in BMI.
BMI is a weak discriminator of body composition differences
as it is central rather than peripheral fat that plays a dominant
role in cardiometabolic risk [14].

Why the mortality associations with waist circumference
and WHR were absent or weak in the present study is
unknown, given previous findings [16]. Both waist circumfer-
ence and WHR are sensitive to body size as well as the
percentage and distribution of fat [15], and waist circumfer-
ence and BMI are highly correlated [39]. ABSI is based on
waist circumference and is approximately independent of
height, weight and BMI [15]. In general population studies,
ABSI consistently outperforms BMI, waist circumference and
WHR in predicting all-cause mortality [27]. In one study,
waist circumference was associated with mortality in a large
population sample but not in those with diabetes [17]. The
mortality associations seen with waist circumference, WHR
andABSI tended to be stronger inmen than in women, consis-
tent with a previous study [16], presumably reflecting sex
differences in central body fat distribution.

The main study limitation relates to the small sample size
compared with previous studies that have utilised large
combined datasets or national population samples [3, 4].
Limited study power may underlie some of our findings,
including the lack of association between mortality and either
waist circumference or WHR. Cohort studies such as the FDS
have the potential for recruitment and survivor biases. The
timing of our study may also be a limitation, as when the
FDS cohort was recruited there was less emphasis on cardio-
vascular risk factor management and the restricted diabetes

treatment options included sulfonylureas and insulin, which
promote weight gain.

The strengths of the present study include the representa-
tive nature of the cohort recruited from a postcode-defined
region and the comprehensive clinical assessment that permit-
ted adjustment for important confounders and potential causal
factors. The anthropometric measures were obtained in a
standardised fashion by trained research nurses. The study
had an extended period of follow-up and the ability to access
the WADLS permitted accurate assessment of confirmatory
diagnoses and deaths.

In conclusion, central obesity was most strongly associated
with excess mortality in type 2 diabetes when assessed by
ABSI and the effect was seen in those in the fifth quintile.
ABSI may be a better index of the proportionate relationship
between adiposity and mortality in type 2 diabetes and should
be considered for use in routine clinical care as a result.
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