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Individuals with diabetes mellitus are advised to achieve a healthy weight to prevent complications. However, fat
mass distribution has hardly been investigated as a risk factor for diabetes complications. The authors studied
associations between body mass index, waist circumference, waist/hip ratio, and waist/height ratio and mortality
among individuals with diabetes mellitus. Within the European Prospective Investigation into Cancer and Nutrition,
a subcohort was defined as 5,435 individuals with a confirmed self-report of diabetes mellitus at baseline in 1992–
2000. Participants were aged 57.3 (standard deviation, 6.3) years, 54% were men, the median diabetes duration
was 4.6 (interquartile range, 2.0–9.8) years, and 22% of the participants used insulin. Body mass index, as
indicator of general obesity, was not associated with higher mortality, whereas all measurements of abdominal
obesity showed a positive association. Associations generally were slightly weaker in women. The strongest
association was observed for waist/height ratio: In the fifth quintile, the hazard rate ratio was 1.88 (95% confidence
interval: 1.33, 2.65) for men and 2.46 (95% confidence interval: 1.46, 4.14) for women. Measurements of abdom-
inal, but not general, adiposity were associated with higher mortality in diabetic individuals. The waist/height ratio
showed the strongest association. Respective indicators might be investigated in risk prediction models.

adiposity; body mass index; diabetes complications; diabetes mellitus; mortality; waist circumference; waist-hip
ratio

Abbreviations: CI, confidence interval; EPIC, European Prospective Investigation into Cancer and Nutrition; HRR, hazard rate
ratio; ICD-10, International Statistical Classification of Diseases, Injuries, and Causes of Death, Tenth Revision.

Individuals with diabetes mellitus have a high risk of
experiencing severe complications such as cardiovascular
diseases (1). It has been estimated that as many as 80% of
the patients will experience macrovascular complications
(2), and individuals with diabetes have a 2-fold higher risk
of myocardial infarction and stroke than those without (3).
The high risk of cardiovascular complications goes along
with a higher overall mortality (4) and mortality due to
cancers (5). Diabetes management focuses on the preven-
tion of these late complications (2).

The major recommendation for nutrition and lifestyle ther-
apy of diabetes type 2 is weight loss for the overweight and
obese (6). In the general population, general and abdominal
obesity has been associated with increased risk of mortality
(7, 8). However, studies on obesity and mortality among in-
dividuals with diabetes have yielded inconsistent results. The
association between body mass index and mortality in
individuals with diabetes has been reported as favorable
(9–12), detrimental (10, 13–15), or U- or J-shaped (16, 17),
or no association has been observed (18, 19). However,
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studies have been heterogeneous in size and quality. All
studies except 2 (20, 21) focused on body mass index as an
indicator of obesity and did not take body fat distribution as
reflected by measures of abdominal adiposity into account.

The objective of the present study was to investigate the
associations of general adiposity as measured by body mass
index and abdominal adiposity, as measured by waist
circumference, waist/hip ratio, and waist/height ratio (22),
with overall and cause-specific mortality in a European
diabetic population.

MATERIALS AND METHODS

Study design

This study was nested within the European Prospective
Investigation into Cancer and Nutrition (EPIC). EPIC is an
ongoing cohort study of 519,978 men and women from 10
European countries (23). Participants were aged 35–70 years
at enrollment between 1992 and 2000 and were recruited
predominantly from the general population residing in
a given geographic area. Participants signed informed con-
sent forms, and study approval was obtained from the ethical
review boards of the International Agency for Research on
Cancer and review boards at the local study centers.

For the current study, 15 study centers from 6 countries
provided additional data on diabetes diagnosis and medica-
tion (Denmark: Aarhus, Copenhagen; Germany: Heidelberg,
Potsdam; Italy: Florence, Milan, Naples, Ragusa, Turin;
the Netherlands: Bilthoven, Utrecht; Spain: Pamplona, San
Sebastian; Sweden: Malmö, Umea). A subcohort of partici-
pants with a confirmed diagnosis of diabetes mellitus at study
entry was defined. Self-reports obtained at baseline were
confirmed by additional information sources, which varied
by study center and include the following: contact with
a medical practitioner, self-reported use of diabetes-related
medication (e.g., insulin or blood glucose-lowering drugs),
repeated self-report during follow-up, linkage to diabe-
tes registries, or a glycated hemoglobin level above 6%
(Malmö only).

Study population

Of the initial 7,048 self-reports in the participating EPIC
centers, 5,542 participants were confirmed to have had di-
abetes at baseline. Subsequently, 870 additional cases were
included because they turned out to have been prevalent
diabetes cases when self-reports were verified for incident
cases in conjunction with another study. This led to a sub-
cohort comprising 6,412 individuals with confirmed diabe-
tes at baseline. After exclusion of participants with missing
baseline questionnaire data (n ¼ 6), participants with miss-
ing dietary information (n ¼ 9), participants in the highest
and lowest 1% of the ratio of energy intake to estimated
energy requirement (n ¼ 177), deceased participants with
missing date of death (n ¼ 1), and participants with missing
information on age at diabetes diagnosis (n ¼ 422), body
mass index (n ¼ 39), or waist circumference (n ¼ 337),
which included the whole cohort of Umeå, the analytical
sample comprised 5,435 participants.

Assessment of anthropometric data and other
covariates

Following the EPIC study protocol, weight and height
were measured with participants not wearing shoes. Waist
circumference was measured at the narrowest circumfer-
ence of the torso (Italy; Utrecht, the Netherlands; Heidelberg,
Germany; Denmark; Spain) or at the midpoint between
the lower ribs and iliac crest (Bilthoven, the Netherlands;
Potsdam, Germany; Malmö, Sweden). It was not anticipated
that differences in measurement methods would affect the
results (24). Hip circumference was measured horizontally at
the widest circumference of the hips (Italy; Spain; Bilthoven,
the Netherlands; Malmö, Sweden) or over the buttocks
(Utrecht, the Netherlands; Germany; Denmark). Because
the amount of clothing worn during the measurement dif-
fered among study centers, each participant’s body weight
and waist and hip circumferences were corrected in order to
reduce heterogeneity due to these protocol differences. For
participants who were normally dressed and without shoes,
1.5 kg for weight and 2.0 cm for circumferences were sub-
tracted from the original measurement (Utrecht, the Nether-
lands; Turin, Italy), while for participants in light clothing
without shoes,1 kg was subtracted from weight (Bilthoven,
the Netherlands; Malmö, Sweden). No corrections were
made for the other study centers where participants wore
light underwear only (8).

Further lifestyle- and health-related variables were col-
lected by using questionnaires, with close to identical ques-
tions translated for the different countries. Questionnaires
included questions on smoking history (i.e., smoking status,
duration, intensity), educational level, physical activity, and
medical history including prevalent heart disease and stroke.
Baseline alcohol consumption was derived from a dietary
questionnaire, which assessed intake during the previous 12
months. Duration since diabetes diagnosis was calculated by
subtracting the age at the self-reported year of diagnosis or,
when available, the exact date of diagnosis supplied by the
medical practitioner from the age at baseline examination.
Information on insulin use according to the Anatomical
Therapeutic Chemical classification of the World Health
Organization was either self-reported medication for treat-
ment or obtained during medical verification.

Assessment of endpoints

Causes and dates of deaths were ascertained by using
record linkages with local, regional, or central cancer reg-
istries, boards of health, or death indexes (Denmark, Italy,
the Netherlands, Spain, Sweden). Germany identified de-
ceased participants with follow-up mailings and subsequent
inquiries to municipality registries, regional health depart-
ments, physicians, or hospitals. Mortality data were coded
according to the International Statistical Classification of
Diseases, Injuries, and Causes of Death, Tenth Revision
(ICD-10). For the cause-specific analyses, deaths due to
circulatory diseases (ICD-10 codes I00-I99), cancer (ICD-
10 codes C00-D48), and all other known causes were
grouped accordingly. Deaths where the specific cause was
unavailable were not included in the cause-specific analysis.
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Table 1. Baseline Characteristicsa of Study Participants From the European Prospective Investigation Into Cancer and NutritionWith a Confirmed Diagnosis of Diabetes Mellitus at Baseline

in 1992–2000 Within Sex-specific Quintiles of Body Mass Index

Quintile of Body Mass Index

Ptrend
b1 2 3 4 5

Mean (SD) Median IQR No. % Mean (SD) Median IQR No. % Mean (SD) Median IQR No. % Mean (SD) Median IQR No. % Mean (SD) Median IQR No. %

Men

Body mass
index, kg/m2

23.1 (1.5) 26.1 (0.6) 28.1 (0.6) 30.4 (0.8) 34.8 (2.9) <0.001

Age, years 56.4 (6.4) 57.6 (5.9) 57.4 (6.0) 57.1 (6.0) 58.6 (6.0) 0.79

Height, cm 174.6 (7.4) 173.0 (6.5) 173.5 (6.9) 172.7 (7.0) 172.7 (7.0) <0.001

Waist
circumference,
cm

87.3 (6.3) 94.2 (5.2) 99.9 (5.3) 105.3 (5.3) 115.3 (8.4) <0.001

Waist/hip ratio 0.92 (0.06) 0.96 (0.05) 0.98 (0.05) 1.00 (0.05) 1.02 (0.07) <0.001

Waist/height ratio 0.50 (0.04) 0.55 (0.03) 0.58 (0.03) 0.61 (0.03) 0.67 (0.05) <0.001

Alcohol intake,
g/day

13 4–31 13 3–33 16 5–38 17 5–44 16 4–40 <0.001

Smoking statusc

Never 159 27 140 24 134 23 134 23 130 22 0.05

Former 212 36 262 45 287 49 286 49 279 48 <0.001

Current 213 36 182 31 165 28 160 27 176 30 0.01

Physical activityc

Inactive 137 23 138 24 132 22 167 29 169 29 0.005

Moderately
inactive

186 32 192 33 184 31 185 32 171 29 0.31

Moderately active 136 23 130 22 138 23 120 21 146 25 0.74

Active 123 21 125 21 123 21 105 18 98 17 0.02

Educational levelc

None 21 4 16 3 28 5 35 6 22 4 0.17

Primary school 166 28 214 37 234 40 223 38 249 43 <0.001

Technical/
professional
school

147 25 153 26 139 24 149 26 159 27 0.53

Secondary school 74 13 63 11 54 9 37 6 41 7 <0.001

Longer
(including
university)

175 30 140 24 130 22 133 23 112 19 <0.001

History of
myocardial
infarctionc

39 7 53 9 48 8 59 10 56 10 0.06

History of strokec 19 3 25 4 29 5 20 4 18 3 0.64

History of cancerc 16 3 13 2 19 3 10 2 15 3 0.68

Age at diabetes,
years

50 42–55 52 45–57 52 45–56 52 46–57 52 46–57 <0.001

Diabetes duration,
years

5 2–11 5 2–10 5 2–10 4 2–9 3 1–7 <0.001

Insulin use 212 36 141 24 81 14 80 14 75 13 <0.001
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Women

Body mass
index, kg/m2

22.3 (1.8) 26.2 (0.8) 28.9 (0.8) 31.8 (0.9) 37.6 (3.7) <0.001

Age, years 56.3 (7.4) 58.1 (6.2) 58.3 (6.3) 58.4 (6.1) 56.9 (6.4) 0.07

Height, cm 162.1 (6.6) 160.8 (6.9) 160.2 (6.2) 160.0 (6.5) 159.8 (6.8) <0.001

Waist
circumference,
cm

76.1 (6.8) 85.5 (6.0) 91.9 (6.3) 98.5 (6.6) 109.3 (8.9) <0.001

Waist/hip ratio 0.81 (0.06) 0.85 (0.06) 0.88 (0.06) 0.89 (0.07) 0.90 (0.07) <0.001

Waist/height ratio 0.47 (0.04) 0.53 (0.04) 0.57 (0.04) 0.62 (0.04) 0.68 (0.06) <0.001

Alcohol intake, g/day 3 0–13 3 0–11 1 0–8 2 0–7 1 0–4 <0.001

Smoking statusc

Never 256 51 272 54 303 60 292 58 292 58 0.01

Former 112 22 116 23 122 24 120 24 132 26 0.14

Current 131 26 114 23 77 15 86 17 75 15 <0.001

Physical activityc

Inactive 139 28 169 34 167 33 174 35 210 42 <0.001

Moderately
inactive

175 35 160 32 165 33 178 36 155 31 0.53

Moderately active 93 19 84 17 94 19 89 18 60 12 0.02

Active 89 18 84 17 71 14 59 12 71 14 0.02

Educational levelc

None 10 2 10 2 28 6 21 4 38 8 <0.001

Primary school 166 33 227 45 248 49 248 50 254 51 <0.001

Technical/
professional
school

171 34 158 31 118 23 129 26 120 24 <0.001

Secondary
school

92 18 67 13 72 14 60 12 51 10 <0.001

Longer (including
university)

59 12 40 8 36 7 40 8 33 7 0.01

History of
myocardial
infarctionc

13 3 17 3 14 3 25 5 24 5 0.02

History of strokec 13 3 15 3 11 2 21 4 18 4 0.19

History of cancerc 18 4 28 6 26 6 20 4 23 5 0.88

Age at diabetes,
years

51 42–57 52 45–58 53 46–57 53 48–58 52 47–57 <0.001

Diabetes duration,
years

5 3–11 5 2–11 5 2–10 4 2–9 4 1–8 <0.001

Insulin use 201 40 123 24 88 17 85 17 99 20 <0.001

Abbreviations: IQR, interquartile range; SD, standard deviation.
a Continuous variables are shown as mean (SD) or median and IQR, and categorical variables are shown as number and percent.
b Ptrend values across quintiles were calculated with a contrast statement in a general linear model.
c Denominator was decreased because of missing values.
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Statistical analyses

All statistical analyses were performed with SAS, version
9.2, software (SAS Institute, Inc., Cary, North Carolina).
Hazard rate ratios and 95% confidence intervals of all-cause
mortality were calculated by using Cox proportional hazard
models separately for men and women (25). The propor-
tional hazard assumption was tested with scaled Schoenfeld
residuals and was not violated. Center and age at enrollment
in 1-year categories were entered as stratum variables to
control for differences in questionnaire design, follow-up
procedures, and other nonmeasured center effects. Partici-
pants were followed from study entry until death, emigra-
tion, withdrawal, or end of the follow-up period. Age was
used as the primary time variable with entry time defined as
the subject’s age in years at recruitment, and exit time was
defined as the subject’s age in years at death or censoring

(lost to follow-up or end of the follow-up period). All
reported P values are 2 sided.

Body mass index, waist circumference, waist/hip ratio,
and waist/height ratio were analyzed in sex-specific quin-
tiles. Median values within quintiles were tested as contin-
uous variables in regression models to test for trend. Models
for waist/height ratio were also calculated for body mass
index strata. Restricted cubic spline regression models with
5 knots defined at the 5th, 25th, 50th, 75th, and 95th per-
centiles of body mass index, waist circumference, waist/hip
ratio, and waist/height ratio were fit to provide further in-
sight into the nature of the observed associations. Restricted
cubic splines are a method of describing dose-response
curves that make no prior assumptions about the shape of
the curve (26). The significance of nonlinear spline terms
was tested with a Wald chi-square test. Cause-specific risks
of death were derived from competing risk models in which

Table 2. Hazard Rate Ratios for All-Cause Mortality AssociatedWith Body Mass Index, Waist Circumference, Waist/Hip Ratio, andWaist/Height

Ratio in 2,926 Men and 2,509 WomenWith Diabetes Mellitus at Baseline in 1992–2000 From the European Prospective Investigation Into Cancer

and Nutrition

Cases, no. Person-Years HRRa 95% CI HRRb 95% CI HRRc 95% CI

Men

Body mass index, kg/m2

�24.9 96 5,322 1 Referent 1 Referent 1 Referent

25.0–27.1 91 5,287 1.02 0.76, 1.39 1.02 0.75, 1.39 0.67 0.45, 0.98

27.2–29.1 74 5,300 0.80 0.58, 1.11 0.81 0.58, 1.13 0.38 0.24, 0.60

29.2–31.8 93 5,314 1.07 0.79, 1.45 1.09 0.79, 1.52 0.39 0.24, 0.65

�31.9 89 5,125 1.20 0.88, 1.63 1.23 0.89, 1.71 0.33 0.19, 0.60

Ptrend
d 0.21 0.15 <0.001

Waist circumference, cm

�91.0 89 5,788 1 Referent 1 Referent 1 Referent

91.1–97.0 77 5,225 1.06 0.77, 1.45 1.07 0.76, 1.49 1.20 0.83, 1.72

97.1–103.0 73 5,021 1.03 0.75, 1.45 0.95 0.68, 1.34 1.24 0.82, 1.87

103.1–109.5 97 5,309 1.30 0.96, 1.76 1.31 0.94, 1.81 1.89 1.17, 3.05

�109.6 107 5,006 1.51 1.11, 2.04 1.46 1.05, 2.01 2.11 1.23, 3.61

Ptrend
d 0.004 0.01 0.01

Waist/hip ratio

�0.92 80 5,407 1 Referent 1 Referent 1 Referent

0.93–0.96 68 6,448 0.75 0.54, 1.05 0.80 0.57, 1.13 0.87 0.61, 1.24

0.97–0.99 87 5,318 1.16 0.84, 1.59 1.11 0.79, 1.55 1.21 0.85, 1.72

1.00–1.03 103 5,155 1.40 1.03, 1.92 1.45 1.05, 2.02 1.64 1.15, 2.35

�1.04 105 4,022 1.72 1.26, 2.35 1.63 1.29, 2.41 1.99 1.36, 2.92

Ptrend
d <0.001 <0.001 <0.001

Waist/height ratio

�0.52 77 5,343 1 Referent 1 Referent 1 Referent

0.53–0.56 78 5,326 1.11 0.80, 1.54 1.09 0.77, 1.54 1.53 1.03, 2.27

0.57–0.59 92 5,286 1.43 1.04, 1.98 1.44 1.02, 2.01 2.74 1.73, 4.34

0.60–0.63 89 5,265 1.43 1.03, 1.98 1.47 1.04, 2.08 3.41 2.01, 5.78

�0.64 107 5,130 1.93 1.40, 2.65 1.88 1.33, 2.65 4.85 2.66, 8.86

Ptrend
d <0.001 <0.001 <0.001

Table continues
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separate regression coefficients for different causes were
compared by using the Wald chi-square test and were
derived from robust estimates of the covariance matrix
(27, 28).

Statistical interaction for sex was tested with a likelihood
ratio test by adding an interaction term and using the median
value within quintiles as the continuous exposure variable.
In addition, we checked whether the association of adiposity
and mortality differed statistically between individuals with
and without diabetes. Within the study population from
EPIC used by Pischon et al. (8), we created sex- and di-
abetes-specific quintiles of anthropometry, used the median
value within those quintiles, added a product term for

diabetes status, and tested for statistical interaction with
a likelihood ratio test.

Multivariate regression models were adjusted for diabetes
duration (years), insulin treatment (yes/no), self-reported his-
tory of myocardial infarction, stroke, or cancer (yes/no/un-
known or missing), smoking status (never/former (quit �10
years ago, 11–20 years ago, >20 years ago)/current (smoking
duration �10 years, 11–20 years, 21–30 years, 31–40
years,>41 years, or unknown;<15, 15–24, or�25 cigarettes
smoked daily/missing), educational level (none/primary
school/technicalorprofessional school/secondaryschool/longer
(including university)/missing), physical activity (inactive/
moderately inactive/moderately active/active/missing), and
alcohol intake (0, >0–6, >6–18, >18–30, >30–60,

Table 2. Continued

Cases, no. Person-Years HRRa 95% CI HRRb 95% CI HRRc 95% CI

Women

Body mass index, kg/m2

�24.7 37 4,678 1 Referent 1 Referent 1 Referent

24.8–27.6 39 4,675 0.89 0.55, 1.45 0.93 0.55, 1.56 0.75 0.40, 1.40

27.7–30.3 32 4,651 0.87 0.52, 1.44 1.04 0.60, 1.79 0.68 0.32, 1.44

30.4–33.5 48 4,523 1.21 0.76, 1.92 1.49 0.90, 2.46 0.75 0.34, 1.67

�33.6 42 4,560 1.34 0.83, 2.14 1.61 0.95, 2.71 0.57 0.23, 1.39

Ptrend
d 0.08 0.02 0.26

Waist circumference, cm

�81.0 39 5,215 1 Referent 1 Referent 1 Referent

81.1–89.0 21 4,219 0.63 0.36, 1.11 0.67 0.36, 1.23 0.75 0.39, 1.45

89.1–95.8 42 4,657 1.06 0.66, 1.70 1.22 0.73, 2.04 1.49 0.76, 2.95

95.9–103.5 44 4,568 1.16 0.73, 1.86 1.46 0.88, 2.43 1.81 0.84, 3.94

�103.6 52 4,428 1.69 1.08, 2.66 1.77 1.08, 2.92 2.19 0.94, 5.15

Ptrend
d 0.003 0.003 0.06

Waist/hip ratio

�0.81 35 5,704 1 Referent 1 Referent 1 Referent

0.82–0.85 38 4,694 1.48 0.90, 2.44 1.48 0.89, 2.48 1.47 0.86, 2.49

0.86–0.88 31 4,015 1.48 0.88, 2.48 1.57 0.91, 2.71 1.63 0.92, 2.90

0.89–0.92 40 4,412 1.52 0.93, 2.48 1.53 0.91, 2.58 1.48 0.85, 2.58

�0.93 54 4,263 2.31 1.45, 3.68 2.30 1.40, 3.76 2.17 1.27, 3.71

Ptrend
d 0.002 0.002 0.01

Waist/height ratio

�0.50 35 4,750 1 Referent 1 Referent 1 Referent

0.51–0.55 31 4,662 1.00 0.59, 1.68 1.00 0.57, 1.74 1.19 0.62, 2.28

0.56–0.60 36 4,542 1.11 0.67, 1.84 1.33 0.78, 2.27 1.71 0.82, 3.58

0.61–0.65 42 4,628 1.18 0.73, 1.92 1.36 0.81, 2.30 1.78 0.79, 4.02

�0.66 54 4,505 2.22 1.39, 3.55 2.46 1.46, 4.14 3.60 1.46, 8.85

Ptrend
d <0.001 <0.001 0.003

Abbreviations: CI, confidence interval; HRR, hazard rate ratio.
a Model 1: Age and center stratified.
b Model 2: Model 1 adjusted for diabetes duration, insulin treatment, prevalent myocardial infarction, stroke, cancer, smoking status, smoking

duration, smoking intensity, educational level, physical activity, and alcohol consumption.
c Model 3: Model 2 additionally adjusted for quintiles of waist/height ratio (when analyzing body mass index) or quintiles of body mass index

(when analyzing waist circumference, waist/hip ratio, and waist/height ratio).
d Ptrend values were calculated by using the median value within quintiles of the anthropometric measurement as a continuous variable.
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>60 g/day). A second model was additionally adjusted for
quintiles of waist/height ratio when analyzing body mass
index and for quintiles of body mass index when analyzing
waist circumference, waist/hip ratio, and waist/height ratio.

To investigate the robustness of the results, we first attemp-
ted to exclude participants with type 1 diabetes by restricting
the study population to participants who did not use insulin
and were diagnosed above the age of 40 (n¼ 1,525 excluded).
Furthermore, because comorbidities can confound the associ-
ation between adiposity and mortality, we excluded partici-
pants who reported prevalent heart disease, stroke, and cancer
at baseline (n ¼ 692 excluded). Moreover, we investigated
whether the difference in waist circumference measurement
protocol influenced the estimates, and last, we excluded on
study center at a time from the models to see whether the
results were driven by a particular one.

RESULTS

At recruitment, participants of this prevalent diabetes co-
hort had a mean age of 57.3 (standard deviation, 6.3) years,
a median diabetes duration of 4.6 (interquartile range, 2.0–
9.8) years, and a mean body mass index of 28.9 (standard
deviation, 4.9), and 22% reported insulin use. During
follow-up (median ¼ 9.3 years, interquartile range, 8.0–10.3),
641 participants died (172 from cardiovascular disease, 133
from cancer, and 150 from other known causes; 186 causes
of deaths were unknown).

General characteristics according to sex-specific quintiles
of body mass index are shown in Table 1. Participants with
a high body mass index were older, less likely to use insulin,
and had a shorter duration of diabetes. They also were
diagnosed at an older age and were less educated and

Figure 1. Adjusted hazard rate ratios of death among 2,926 European men with diabetes mellitus at baseline in 1992–2000 according to body
mass index (A), waist circumference (B), waist/hip ratio (C), and waist/height ratio (D). Solid lines indicate hazard rate ratios, and dashed lines
indicate 95% confidence intervals derived from restricted cubic spline regression, with knots placed at the 5th, 25th, 50th, 75th, and 95th percentiles
of the sex-specific distribution, with the 10th percentile used as reference. Age- and study center-stratified models were adjusted for diabetes
duration, insulin treatment, prevalent myocardial infarction, stroke, cancer, smoking status, smoking duration, smoking intensity, educational level,
physical activity, and alcohol consumption. P values for nonlinearity were derived from a Wald chi-square test and were P ¼ 0.001 for body mass
index, P < 0.0001 for waist circumference, P ¼ 0.003 for waist/hip ratio, and P < 0.0001 for waist/height ratio.
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physically active than participants with a low body mass
index. Men in the highest quintile had a higher alcohol
consumption, whereas women with a high body mass index
had a lower alcohol consumption and were also less likely
to be a current smoker compared with leaner women. The
same trends in baseline characteristics were observed across
quintiles of waist/height ratio (data not shown).

Body mass index was slightly positive but not signifi-
cantly associated with mortality in men: The hazard rate
ratio in the 5th quintile was 1.23 (95% confidence interval
(CI): 0.89, 1.71) (Table 2). All indicators of abdominal ad-
iposity were positively associated with mortality in men.
The strongest association was observed for waist/height ra-
tio: The hazard rate ratio in the highest quintile was 1.88
(95% CI: 1.33, 2.65). After adjustment for waist/height ra-
tio, an inverse relation between body mass index and mor-

tality was observed (in the 5th quintile, the hazard rate ratio
(HRR) ¼ 0.33, 95% CI: 0.19, 0.60). Adjustment of body
mass index in models of waist/height ratio led to a stronger
association with a hazard rate ratio in the 5th quintile of 4.85
(95% CI: 2.66, 8.86) compared with the lowest. Wald
chi-square tests for nonlinearity were significant (P < 0.001)
for all anthropometric measurements in men (Figure 1).
Figure 1 shows restricted cubic spline regression curves
for the associations, which were not linear, but showed
S-shaped curves.

Among women, there was a trend suggesting that body
mass index was associated with mortality; however, the
hazard rate ratios were not significant (Table 2). The pattern
observed for measures of abdominal adiposity was similar
to the one seen for men, although associations in general
tended to be slightly weaker. The strongest association was

Figure 2. Adjusted hazard rate ratios of death among 2,509 European women with diabetes mellitus at baseline in 1992–2000 according to body
mass index (A), waist circumference (B), waist/hip ratio (C), and waist/height ratio (D). Solid lines indicate hazard rate ratios, and dashed lines
indicate 95% confidence intervals derived from restricted cubic spline regression, with knots placed at the 5th, 25th, 50th, 75th, and 95th percentiles
of the sex-specific distribution, with the 10th percentile used as reference. Age- and study center-stratified models were adjusted for diabetes
duration, insulin treatment, prevalent myocardial infarction, stroke, cancer, smoking status, smoking duration, smoking intensity, educational level,
physical activity, and alcohol consumption. P values for nonlinearity were derived from a Wald chi-square test and were P ¼ 0.46 for body mass
index, P ¼ 0.86 for waist circumference, P ¼ 0.56 for waist/hip ratio, and P ¼ 0.61 for waist/height ratio.
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observed for waist/height ratio: The hazard rate ratio be-
tween the extreme quintiles was 2.46 (95% CI: 1.46,
4.14). Adjustment for body mass index led to a hazard rate
ratio of 3.60 (95% CI: 1.46, 8.85) for comparison of extreme
quintiles. In contrast to men, mutual adjustment did not
strengthen but attenuated the associations of body mass
index, waist circumference, and mortality. The restricted
cubic spline regression curves did not give evidence for
nonlinear relations among women (Figure 2).

Table 3 confirms that the associations of waist/height
ratio and mortality were independent from body mass index:
Men and women with a low waist/height ratio did not have
increased mortality risk, irrespective of their body mass
index stratum.

In cause-specific mortality analyses, strong associations
for waist/height ratio and cardiovascular mortality and mor-
tality due to noncardiovascular disease/noncancer causes
were observed among men (Table 4). Furthermore, waist
circumference was related to increased cancer mortality
and waist/hip ratio to a higher risk of death due to other
known causes. P values for differences between causes of
death derived from the competing risk model did not show
significant differences.

No statistical interaction was found between measures of
adiposity and sex. When probable type 1 diabetes patients
and participants with comorbidities were excluded, the ob-
served associations for the measures of abdominal adiposity
largely remained. When women who were probable type 1
cases were excluded, an inverse relation was seen between
body mass index and mortality when adjusted for waist/
height ratio (in the 5th quintile, HRR ¼ 0.28, 95% CI:
0.09, 0.92). Furthermore, when those women with comor-
bidities at baseline were excluded, a high body mass index
was associated with an increased risk of death without ad-
justment (in the 5th quintile, HRR ¼ 2.25, 95% CI: 1.23,
4.12). The difference in waist circumference measurement
protocol between study centers did not lead to a different
conclusion (data not shown). Excluding one study center at
a time hardly affected the findings (data not shown).

No statistical interaction was found between adiposity
and diabetes status in relation to mortality. Respectively

for men and women, Pinteraction values were 0.22 and 0.09
for body mass index, 0.36 and 0.10 for waist circumference,
0.13 and 0.24 for waist/hip ratio, and 0.32 and 0.07 for
waist/height ratio.

DISCUSSION

In men and women with diabetes mellitus, indicators of
abdominal obesity, that is, waist circumference, waist/hip
ratio, and waist/height ratio, were positively associated with
mortality. These associations seemed to be independent
from general obesity and were nonlinear for men. Compared
with other measurements, waist/height ratio showed the
strongest association with mortality. Body mass index, as
an indicator of general obesity, was not independently
positive associated with mortality in men or women with
diabetes. Detailed analyses did not show stronger associa-
tions for cardiovascular disease mortality compared with
death due to other causes.

The strongest associations were observed for waist/height
ratio. Waist/height ratio has not been investigated as an in-
dicator for abdominal obesity as often as waist circumfer-
ence and waist/hip ratio, but it has been shown to carry more
information than the other anthropometric indices in
predicting cardiovascular risk factors and mortality in the
general population (29–32). Waist/height ratio comprises 2
measurements: Waist circumference reflects the amount of
abdominal fat, and height is also associated with adverse
outcomes (22, 32). Furthermore, it has been shown that
individuals with a shorter stature have a higher percentage
of body fat compared with people of the same body mass
index (33). Moreover, height is inversely related to overall
mortality (34). Therefore, waist/height ratio is suggested
to be a relevant measurement of relative fat distribution
among participants of different ages and statures (22). In 2
cross-sectional studies in persons with diabetes, waist/
height ratio suggested the strongest association with cor-
onary artery disease (35) and adverse cardiorenal out-
comes (36) compared with body mass index, waist
circumference, and waist/hip ratio. To our knowledge, this
is the first prospective study investigating the relation

Table 3. Hazard Rate Ratios for All-Cause Mortality for Strata of Body Mass Index and Waist/Height Ratio in

5,435 European Men and Women with Diabetes Mellitus at Baseline in 1992–2000

Body Mass Index,
kg/m2

Waist/Height Ratio, £0.57 Waist/Height Ratio, ‡0.58

Cases,
no.

HRRa 95% CI
Cases,
no.

HRRa 95% CI

Men

�28.1 183 1 Referent 43 1.51 1.05, 2.17

�28.2 21 0.77 0.48, 1.25 196 1.24 0.98, 1.56

Women

�28.8 79 1 Referent 19 1.49 0.83, 2.67

�28.9 7 0.90 0.38, 2.11 93 1.43 1.01, 2.02

Abbreviations: CI, confidence interval; HRR, hazard rate ratio.
a Age and center stratified and adjusted for sex, diabetes duration, insulin treatment, prevalent myocardial

infarction, stroke, cancer, smoking status, smoking duration, smoking intensity, educational level, physical activity,

and alcohol consumption.
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between waist/height ratio and mortality in individuals
with diabetes.

Pischon et al. (8) investigated the association between
general and abdominal obesity and risk of death in the
overall EPIC study population (n ¼ 359,387). Participants
in the lower and upper body mass index categories had an
increased risk of death, and abdominal obesity as measured
by waist circumference and waist/hip ratio was strongly

associated with mortality after adjustment for body mass
index. In contrast to the general population, results of the
present study suggest that abdominal obesity plays a more
important role than general adiposity for mortality in per-
sons with diabetes. This can be due to the fact that obesity
is strongly related to development of diabetes mellitus type
2 (37), and heterogeneity of body mass index might be
lower than heterogeneity in measures of abdominal obesity

Table 4. Hazard Rate Ratiosa for Cause-specific Mortality Associated With Body Mass Index, Waist Circumference, Waist/Hip Ratio, and Waist/

Height Ratio in 5,249 European Men and Women With Diabetes Mellitus at Baseline in 1992–2000

Cardiovascular Disease Cancer Other Known Causes

Cases, no. HRRb 95% CI Cases, no. HRRb 95% CI Cases, no. HRRb 95% CI

Men

Body mass index, kg/m2

�26.4 42 1 Referent 24 1 Referent 41 1 Referent

26.5–29.9 35 0.76 0.45, 1.28 32 1.30 0.71, 2.40 28 0.94 0.54, 1.61

�30.0 47 1.09 0.66, 1.80 27 1.35 0.70, 2.58 37 1.68 0.96, 2.94

Waist circumference, cm

�95.1 39 1 Referent 16 1 Referent 35 1 Referent

95.2–104.5 31 0.78 0.45, 1.35 39 3.38 1.67, 6.83 31 1.18 0.68, 2.05

�104.6 54 1.16 0.71, 1.89 28 2.79 1.31, 5.95 40 1.70 0.98, 2.94

Waist/hip ratio

�0.95 37 1 Referent 25 1 Referent 32 1 Referent

0.96–1.00 36 0.87 0.51, 1.50 28 1.52 0.81, 2.85 28 1.13 0.64, 2.01

�1.01 51 1.56 0.94, 2.57 30 1.77 0.95, 3.31 46 2.03 1.19, 3.44

Waist/height ratio

�0.55 33 1 Referent 22 1 Referent 36 1 Referent

0.56–0.61 32 0.93 0.53, 1.62 34 1.63 0.87, 3.05 27 1.02 0.58, 1.78

�0.62 59 1.72 1.02, 2.90 27 1.70 0.86, 3.36 43 2.13 1.23, 3.70

Women

Body mass index, kg/m2

�26.6 14 1 Referent 14 1 Referent 16 1 Referent

26.7–31.2 16 1.31 0.51, 3.39 19 1.18 0.52, 2.69 10 0.86 0.30, 2.48

�31.3 18 1.68 0.65, 4.33 17 1.46 0.63, 3.40 18 2.63 0.98, 7.05

Waist circumference, cm

�86.5 12 1 Referent 12 1 Referent 15 1 Referent

86.6–98.0 19 2.05 0.75, 5.60 14 0.82 0.35, 1.96 10 0.65 0.21, 1.98

�98.1 17 2.70 0.94, 7.75 24 2.07 0.92, 4.62 19 1.86 0.74, 4.66

Waist/hip ratio

�0.83 8 1 Referent 17 1 Referent 13 1 Referent

0.84–0.89 16 2.41 0.75, 7.78 11 0.42 0.17, 1.03 19 1.96 0.71, 5.41

�0.90 24 4.63 1.47, 14.57 22 1.04 0.48, 2.22 12 1.29 0.44, 3.78

Waist/height ratio

�0.54 12 1 Referent 16 1 Referent 14 1 Referent

0.55–0.61 16 1.99 0.71, 5.54 15 0.82 0.36, 1.86 12 1.19 0.41, 3.48

�0.62 20 2.48 0.89, 6.91 19 1.00 0.44, 2.28 18 1.90 0.73, 4.93

Abbreviations: CI, confidence interval; HRR, hazard rate ratio.
a Participants with unknown cause of death were not included.
b Age and center stratified and adjusted for diabetes duration, insulin treatment, prevalent myocardial infarction, stroke, cancer, smoking status,

duration, and intensity, educational level, physical activity, and alcohol consumption.
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in this population. However, investigating the question if
associations differed for individuals with or without dia-
betes, no statistical interaction for diabetes status was
found. Therefore, associations were not different for dia-
betic individuals compared with nondiabetic individuals
when analyzed irrespective of the absolute value of the
anthropometric measurement, because the quintiles were
diabetes specific. This indicates that the differences in as-
sociations that we have observed between diabetics and
nondiabetics are probably caused by differences in abso-
lute levels of adiposity.

Prospective studies into the relation between body mass
index and mortality in individuals with diabetes mellitus
have shown heterogeneous results. Some investigations ob-
served an inverse association between body mass index and
mortality (9–12). Two other cohort studies demonstrated
that a high body mass index was related to increased mor-
tality (14, 18) and coronary heart disease (13). Body mass
index was not associated with risk of death in 2 other studies
when the level of exercise capacity was taken into account
(15, 19), and 2 investigations found a U- or J-shaped relation
between body mass index and mortality (16, 17). In the
EURODIAB Prospective Complications Study, waist/hip ratio
was negatively associated with overall, cardiovascular disease,
and noncardiovascular disease mortality, whereas no associa-
tion was observed for body mass index (21). However, this
study population was restricted to persons with type 1 diabe-
tes. Moreover, Sone et al. (20) observed that waist circumfer-
ence was not associated with cardiovascular disease incidence
in Japanese diabetes patients. Of note, associations in these
studies were not adjusted for other anthropometric measure-
ments. Finally, these inconsistent results and our findings sug-
gest that body mass index alone is not an adequately sufficient
measure when investigating the association between adiposity
and mortality in individuals with diabetes.

The observed associations between measures of abdomi-
nal adiposity and mortality tended to be stronger in men
than in women after adjustment for body mass index. This
can be due to gender differences in body fat distribution. In
men, fat tissue tends to accumulate in the abdominal area,
whereas in women gluteofemoral obesity is more common
(38). This is underlined by the fact that the associations
between waist/hip ratio and mortality were most similar
for both sexes compared with the other measurements.
Furthermore, a higher body mass index—independent of
waist/height ratio—was associated with decreased mortality
in men. When waist circumference is held constant, body
mass index may indicate lean body mass, whereas waist
measurements, independent of body mass index, are indices
of abdominal fat mass (39). Adjusting the relation of waist
circumference and mortality for body mass index means the
modeling of waist circumference when body mass index
and, thus, body weight are kept constant. An increase in
the waist circumference, without an increase in weight,
would, therefore, indicate an increase in peripheral fat mass
and a decrease in muscle mass.

The subjects with low body mass index might have been
more severe cases of diabetes, because the proportion of
insulin users was higher and the median diabetes duration
was longer. We examined the influence of prevalent cardio-

vascular disease and cancer in sensitivity analyses. These
showed that women who were ill at baseline or were more
severe diabetes cases confounded the association between
body mass index and mortality. Severe illness will lead to
a decrease in fat mass as well as muscle mass and will,
therefore, be more reflected in body mass index. Moreover,
women with a higher body mass index probably benefited
from their energy stores (40). This can explain why some
studies observed that a high body mass index was related to
a decreased mortality risk (9–12). Thus, reverse causality
from other prevalent and/or subclinical diseases might have
influenced our estimates (41).

The percentage of cardiovascular disease deaths was rel-
atively low (3), and cause-specific analyses were hampered
by small numbers in our study. Diabetes has been predom-
inantly associated with increased cardiovascular disease
mortality (3, 4), but we also found increased risks for cancer
in men and death due to other (noncancer/noncardiovascular
disease) known causes (5, 42). In our study, most cancers
were due to cancer of the lung, pancreas, and breast. These
may have developed as a consequence of the diabetes status
(42), but obesity too is associated with cancer risk (43).

Our study had some limitations that should be considered
when interpreting the results. First, self-reports of diabetes at
baseline were confirmed with a second information source,
but when no additional information source was available, we
were unable to discriminate true- from false-positive case
classifications, which might have introduced selection bias
into our study. Furthermore, although a few false negative
cases were found, no systematic screening for them was con-
ducted. Therefore, this cohort of prevalent diabetic individ-
uals can best be considered as a convenience subsample.
Second, there is debate whether or not to include mutual
adjustments of anthropometric measurements. Because the
measurements were highly correlated in this study popula-
tion, adjustment may induce collinearity. However, modeling
the residual variables of the measurements as a method to
overcome this high correlation did not change the results.

In conclusion, measurements of abdominal but not gen-
eral adiposity were associated with increased risk of death in
diabetic men and women. The waist/height ratio showed the
strongest association. Further investigation is needed to an-
alyze its value in mortality risk prediction models in
individuals with diabetes.
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