
The relationship of adiposity and
mortality among people with diabetes
in the US general population:
a prospective cohort study

Andy Menke,1 Sarah S Casagrande,1 Catherine C Cowie2

To cite: Menke A,
Casagrande SS, Cowie CC.
The relationship of adiposity
and mortality among people
with diabetes in the US
general population:
a prospective cohort study.
BMJ Open 2014;4:e005671.
doi:10.1136/bmjopen-2014-
005671

▸ Prepublication history and
additional material is
available. To view please visit
the journal (http://dx.doi.org/
10.1136/bmjopen-2014-
005671).

Received 9 May 2014
Revised 10 October 2014
Accepted 30 October 2014

1Social & Scientific Systems,
Inc, Silver Spring, Maryland,
USA
2National Institute of Diabetes
and Digestive and Kidney
Diseases, National Institutes
of Health, Bethesda,
Maryland, USA

Correspondence to
Dr Andy Menke;
amenke@s-3.com

ABSTRACT
Objective: Several studies have found a U-shaped
association between body mass index (BMI) and
mortality in the general population. In similar studies
among people with diabetes, the shape of the association
is inconsistent. We investigated the relationship of BMI
and waist circumference with mortality among people
with diabetes.
Setting: The Third National Health and Nutrition
Examination Survey (NHANES III) and the 1999–2004
NHANES Mortality Studies were designed to be
representative of the US general population. Baseline data
were collected in 1988–2004.
Participants: 2607 adults ≥20 years of age with
diabetes.
Primary Outcome Measure: Participants were
followed through 31 December 2006 for mortality
(n=668 deaths).
Results: Compared with people with a BMI
18.5–24.9 kg/m2, the HRs (95% CI) of mortality were
0.85 (0.60 to 1.21) for 25–29.9 kg/m2, 0.87 (0.57 to
1.33) for 30–34.9 kg/m2 and 1.05 (0.72 to 1.53) for
≥35 kg/m2 after adjustment for age, sex, race-ethnicity,
smoking status, education, income and diabetes
duration. Compared with people in the lowest sex-
specific quartile of waist circumference, the adjusted HRs
(95% CI) of mortality were 1.03 (0.77 to 1.37) for the
second quartile, 1.02 (0.73 to 1.42) for the third quartile
and 1.12 (0.77 to 1.61) for the highest quartile of waist
circumference. When modelled as a restricted quadratic
spline with knots at the 10th, 50th and 90th centiles,
BMI and waist circumference were not associated with
mortality. Several sensitivity analyses were conducted
and most found no significant association between
measures of adiposity and mortality, but there were
significant results suggesting a U-shaped association
among people in the highest tertile of glycated
haemoglobin (≥7.1%), and there was an inverse
association between BMI and mortality among people
20–44 years of age.
Conclusions: In a nationally representative sample of
the non-institutionalised US population with diabetes,
BMI and waist circumference were not associated with
risk of mortality.

INTRODUCTION
Several studies have found a U-shaped associ-
ation between body mass index (BMI) and
mortality in the general population, with
underweight and obese people having a
higher risk of mortality than those of normal
weight.1 2 Conversely, among people with
certain chronic diseases, such as heart
disease and kidney disease, studies suggest
an obesity paradox may occur, whereby the
risk of mortality is lower for obese than non-
obese people.3–7 However, previous studies
on the relationship between obesity and mor-
tality among those with diabetes have been
inconsistent. Large studies of people with
diabetes from Scotland8 and Ukraine9 found
a U-shaped association with the lowest risk of
mortality in the range of 25–35 kg/m2.
Among diabetic participants of the Nurses’
Health Study and Health Professionals’

Strengths and limitations of this study

▪ This study used multiple biomarkers of adiposity
to investigate the association between adiposity
and mortality among people with diabetes. Body
mass index and waist circumference were mea-
sured in participants by trained technicians using
standardised protocols.

▪ Participants included people with diagnosed as
well as undiagnosed diabetes from a large
nationally representative sample.

▪ About 60% of the study participants were previ-
ously diagnosed with diabetes. Weight gain or
loss may have occurred during the course of dia-
betes as a result of changes in lifestyle, medica-
tion use or diabetes disease progression.

▪ Mortality is the only outcome data we have for
the participants since they were not actively fol-
lowed for comorbidity. Therefore, our results
cannot be generalised to non-fatal events or
other diabetes complications.
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Follow-up Study, BMI had a J-shaped or direct linear
relationship with mortality depending on smoking
status.10 In the National Health Interview Survey11 and
in a pooled analysis of five cohort studies,12 participants
with diabetes who were overweight or obese had a lower
risk of mortality than participants with diabetes who
were of normal weight. Several other studies failed to
find an association between BMI and mortality among
people with diabetes.13–16 Few studies have examined
the relationship between other measures of adiposity
and mortality among people with diabetes. One study
found that waist circumference was positively associated
with risk of mortality.12

The purpose of our analysis was to characterise the
relationship of BMI and waist circumference with mortal-
ity among people with diabetes. To do so, we analysed
data from diabetic participants of the Third National
Health and Nutrition Examination Survey (NHANES
III), and the 1999–2004 NHANES Mortality Studies,
cohort studies based on nationally representative samples
of US adults in which baseline data, including BMI and
waist circumference, were collected in 1988–2004, and
participants were followed for mortality through 31
December 2006.

METHODS
Study population
NHANES III and the 1999–2004 NHANES were stratified,
multistage probability samples of the non-institutionalised,
civilian US population that were conducted by the
National Center for Health Statistics of the Centers for
Disease Control and Prevention (CDC).17 18 We used a
prospective cohort design to evaluate the association of
BMI and waist circumference measured in adult partici-
pants with diabetes in 1988–2004 with mortality deter-
mined through 31 December 2006. Baseline data
collected consisted of an in-home interview and a subse-
quent visit to a mobile examination centre. There were
2109 participants in NHANES III and 1841 participants in
1999–2004 NHANES ≥20 years of age with diabetes, which
we defined as a self-reported previous diagnosis, or previ-
ously undiagnosed diabetes based on the American
Diabetes Association19 criteria of a glycated haemoglobin
(HbA1c) ≥6.5%, a fasting plasma glucose ≥126 mg/dL or
a 2 h plasma glucose (following a 75 g oral glucose toler-
ance test) ≥200 mg/dL. We excluded participants with a
history of cardiovascular disease (n=846) or cancer
(n=235), pregnant women (n=22), participants with likely
type 1 diabetes (n=38; defined as having all 3 of the follow-
ing criteria: previous diagnosis before 30 years of age,
current insulin use and first insulin use within 1 year of
diagnosis), participants with BMI<18.5 kg/m2 (n=15), par-
ticipants who died in the first 2 years of follow-up (n=129)
and participants missing BMI and waist circumference
data (n=58). After these exclusions, we included a total of
2607 NHANES participants in our analysis. All participants
gave written informed consent.

Baseline data collection
During the NHANES in-home interview, a standardised
questionnaire was used to collect demographic informa-
tion on age, race-ethnicity and sex. Additional information
collected included education, income, smoking status, dia-
betes duration and use of antihypertensive medication.
Participants had their blood pressure measured up to

six times and all blood pressure measurements for each
participant were averaged. Hypertension was defined as
systolic blood pressure ≥140 mm Hg, or diastolic blood
pressure ≥90 mm Hg, or current use of antihypertensive
medication. During the examination, a blood specimen
was drawn from participants’ antecubital vein by trained
phlebotomists using a standardised protocol. Total
serum cholesterol was measured enzymatically.17 18

During the examination, weight was measured using a
digital scale to the nearest 0.01 kg and height was mea-
sured using a stadiometer to the nearest 0.1 cm. BMI
was calculated as weight in kilograms divided by height
in metres squared. Waist circumference was measured at
the iliac crest to the nearest 0.1 cm.

Mortality follow-up
Study participants were passively followed for mortality
through 31 December 2006 via linkage to the National
Death Index. Participants were linked using probabilistic
matching based on 12 identifiers (eg, Social Security
number, sex, date of birth) to determine vital status and
cause of death. To validate the probabilistic matching
methodology, identical matching methodology was
applied to the NHANES I Epidemiological Follow-up
Study (which included active follow-up) and 96.1% of
deceased participants and 99.4% of living participants
were correctly classified.20

Cause of death was determined using The International
Statistical Classification of Diseases and Related Health
Problems (ICD), Ninth Revision, for deaths between 1988
and 1998 (codes 390–434 and 436–459), and ICD,
Tenth Revision, for deaths between 1999 and 2006 (codes
I00–I99). Cause-specific mortality was ascertained for car-
diovascular disease (Ninth Revision codes 390–434 and
436–459; Tenth Revision codes I00–I99), cancer (Ninth
Revision codes 140–208; Tenth Revision codes C00–C97)
and respiratory issues (Ninth Revision codes 466, 480–487,
490–494, 496; Tenth Revision codes J10–J18, J20–J22,
J40–J47) using the underlying cause of death. We were
also interested in deaths in which diabetes played any role
leading to death; to investigate this, diabetes mortality
(Ninth Revision codes 250; Tenth Revision codes
E10–E14) was defined using any cause of death listed on
the death certificates (among the underlying cause and
up to 20 contributing causes; the most common under-
lying causes of death among these participants were dia-
betes, heart disease, stroke and pneumonia).

Statistical methods
We calculated means and percentages of baseline levels
of study characteristics by BMI category (18.5–24.9 ,
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25–29.9, 30–34.9 and ≥35 kg/m2). For risk analyses, we
excluded the first 2 years of follow-up to reduce the pos-
sibility that unidentified illness at baseline caused weight
loss prior to causing death. We used Cox proportional
hazards regression to estimate the HRs and 95% CIs for
all-cause, cardiovascular, cancer, diabetes and respiratory
mortality associated with BMI category. Next, we calcu-
lated HRs and 95% CI for all-cause, cardiovascular,
cancer, diabetes and respiratory mortality associated with
sex-specific quartiles of the weighted waist circumference
distributions; sex-specific cut points were used due to sig-
nificantly different waist circumference distributions. To
better characterise the shape of the association between
BMI and all-cause mortality, we used restricted quadratic
splines with knots at 25, 30 and 35 kg/m2. For waist cir-
cumference, we stratified by sex and used restricted
quadratic splines with knots at the 10th, 50th and 90th
centiles of the sex-specific waist circumference distribu-
tions (90.6, 105.9 and 124.8 cm for men; 84.5, 101.8 and
125.2 cm for women). For all analyses, initial models
were unadjusted and subsequent models were adjusted
for age (continuous), race-ethnicity (non-Hispanic
white, non-Hispanic black, Mexican-American, other),
sex, smoking (current ≥2 pack/day, current 1–2 packs/
day, current <1 pack/day, former ≥2 pack/day, former
1–2 packs/day, former <1 pack/day, never), education
(<high school, high school, >high school), income
(<US$20 000, ≥US$20 000) and diabetes duration
(undiagnosed, <5, 5–9, 10–14, 15–19, ≥20 years).
We calculated the association between BMI category and

all-cause mortality after stratifying by important covariates
including diagnosed versus undiagnosed diabetes, HbA1c
level, diabetes medication usage, hypertension status, chol-
esterol level, age and smoking category. Finally, we con-
ducted a sensitivity analysis without excluding people with
a history of cardiovascular disease or cancer, people with
likely type 1 diabetes and the first 2 years of follow-up.
Also, we calculated the risk of all-cause mortality associated
with combined BMI and waist circumference, using previ-
ously described21 combined risk categories (lowest risk:
BMI 18.5–24.9 kg/m2; increased risk: 25–29.9 kg/m2 and
low waist circumference; high risk: 25–29.9 kg/m2 and
high waist circumference or 30–34.9 kg/m2 and low waist
circumference; very high risk: 30–34.9 kg/m2 and high
waist circumference or 35–39.9 kg/m2 and low waist cir-
cumference; extremely high risk: BMI ≥40 kg/m2; high
waist circumference defined as >102 cm for men and
>88 cm for women).
Data were analysed using SUDAAN software (V.10;

Research Triangle Institute, Research Triangle Park,
North Carolina, USA) to account for the complex sam-
pling design used in NHANES III.

RESULTS
Baseline characteristics
At baseline, 59.7% of participants had previously diag-
nosed diabetes and 40.3% had undiagnosed diabetes.

Among participants, 23% had a BMI of 18.5–
24.9 kg/m2, 35% had 25–29.9, 25% had 30–34.9 and
17% had ≥35 kg/m2. Compared to participants with a
lower BMI, those with a higher BMI were younger and
more likely to be women, to be non-Hispanic black, to
be never smokers, to be in the lowest category of dia-
betes duration, to take oral medications (without
insulin), to have hypertension and to have a larger
waist circumference; they were less likely to be in the
lowest tertile of HbA1c and less likely to take no diabetes
medication (table 1). The correlation between BMI and
waist circumference was 0.923 for men and 0.893 for
women.

BMI and mortality
The mean follow-up for participants was 6.5 years
(maximum 16 years), during which 668 participants
died. The mortality rates (SE) were 41 (5.6), 32 (3.4), 26
(3.4) and 19 (2.8) per 1000 person-years for participants
with a BMI of 18.5–24.9, 25–29.9, 30–34.9 and
≥35 kg/m2, respectively (table 2). Compared to partici-
pants with a BMI of 18.5–24.9 kg/m2, the unadjusted
HRs (95% CI) for all-cause mortality were 0.79 (0.58 to
1.07), 0.64 (0.46 to 0.90) and 0.48 (0.33 to 0.69) for a
BMI of 25–29.9, 30–34.9 and ≥35 kg/m2, respectively.
After multivariable adjustment, the HRs (95% CI) for
all-cause mortality were 0.85 (0.60 to 1.21), 0.87 (0.57 to
1.33) and 1.05 (0.72 to 1.53) for a BMI of 25–29.9,
30–34.92 and ≥35 kg/m2, respectively. The multivariable
adjusted relative hazard of all-cause mortality associated
with BMI is shown in figure 1; the curve was a shallow
U-shape, but there were no significant differences along
the distribution of BMI. When stratified by sex, the asso-
ciation among men had a deeper U shape in which
men with a BMI of approximately 28–33 kg/m2 had a
significantly lower risk of mortality than those with a
BMI of 25 kg/m2 (online supplementary figure S1).
There was no evidence of a U-shaped association among
women and no significant differences along the distribu-
tion of BMI (online supplementary figure S2). The HRs
for cardiovascular, cancer, diabetes and respiratory mor-
tality were not significantly associated with BMI category
after multivariable adjustment (table 2).
Further analyses of the association between BMI and

all-cause mortality after stratifying by previous diabetes
diagnosis (online supplementary table S1), HbA1c level
(online supplementary table S2), diabetes medication
usage (online supplementary table S3), hypertension
status (online supplementary table S4), cholesterol level
(online supplementary table S5), age (online supple-
mentary table S6) and smoking category (online supple-
mentary table S7) resulted in only two significant
associations after multivariable adjustment. Among parti-
cipants in the higher tertile of HbA1c (≥7.1%), those
with a BMI of 25–29.9 kg/m2 had a significantly lower
risk of mortality than those with a BMI of 18.5–
24.9 kg/m2. Although there were very few deaths among
participants 20–44 years of age, those with a BMI
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≥25 kg/m2 had a significantly lower risk of mortality
than those with a BMI of 18.5–24.9 kg/m2. Interaction
terms for all stratified analyses were not significant,
except for analyses stratified by HbA1c (p=0.003) in
which the HRs for the highest tertile of HbA1c were
lower than the HRs for the lower tertiles of HbA1c. In a
sensitivity analysis including only never smokers
without a previous diabetes diagnosis, BMI was not sig-
nificantly associated with mortality (online supplemen-
tary table S8). Results were similar in a sensitivity analysis
when people with a history of cardiovascular disease or
cancer, people with likely type 1 diabetes, and the first
2 years of follow-up were included (online supplemen-
tary table S9). Finally, the results were similar when we
additionally adjusted for exercise and dietary variables
(calories consumed and per cent of calories from satur-
ation fat; data not shown).

Waist circumference and mortality
The mortality rates (SE) were 29 (3.5), 31 (4.0), 28 (3.5)
and 23 (3.0) per 1000 person-years for waist circumfer-
ence quartiles 1, 2, 3 and 4, respectively (table 3).
Compared with participants in the first quartile of waist
circumference, the unadjusted HRs (95% CI) for all-
cause mortality were 1.11 (0.86 to 1.43), 0.99 (0.71 to
1.39) and 0.84 (0.61 to 1.17) for quartiles 2, 3 and 4,
respectively (table 3). After multivariable adjustment,
the HRs (95% CI) for all-cause mortality were 1.03
(0.77 to 1.37), 1.02 (0.73 to 1.42) and 1.12 (0.77 to
1.61) for quartiles 2, 3 and 4, respectively. The multivari-
able adjusted relative hazard of all-cause mortality asso-
ciated with waist circumference is shown in figure 2.
For men (figure 2A) and women (figure 2B), there
were no significant differences along the distribution of
waist circumference. The HRs for cardiovascular, cancer,

Table 1 Means or percentages (SEs) of baseline participant characteristics by body mass index category

18.5–24.9 kg/m2

N=394

25–29.9 kg/m2

N=925

30–34.9 kg/m2

N=659

≥35 kg/m2

N=565 p-Trend

Age, years 60.4 (1.17) 59.4 (0.74) 56.1 (0.68) 51.3 (0.64) <0.01

Non-Hispanic white, % 62.6 (4.20) 63.7 (2.57) 68.5 (2.53) 66.6 (2.65) 0.27

Non-Hispanic black, % 11.2 (1.58) 15.0 (1.45) 12.9 (1.27) 18.8 (2.03) <0.01

Mexican-American, % 11.7 (2.59) 12.5 (1.73) 13.9 (2.02) 9.6 (1.49) 0.29

Women, % 51.5 (3.68) 44.0 (2.44) 43.6 (2.90) 63.1 (3.18) <0.01

Current smoker, % 26.8 (3.25) 18.3 (2.03) 20.8 (2.47) 17.4 (2.29) 0.09

Former smoker, % 30.8 (3.43) 40.1 (2.71) 36.8 (3.09) 31.5 (3.16) 0.35

Never smoker, % 42.4 (3.99) 41.6 (2.53) 42.4 (2.83) 51.1 (2.85) 0.01

<High school education, % 32.8 (3.41) 38.2 (2.53) 35.4 (2.78) 35.5 (2.76) 0.97

High school education, % 26.5 (3.72) 29.4 (2.91) 31.4 (2.38) 32.7 (3.37) 0.19

>High school education, % 40.7 (4.15) 32.4 (2.46) 33.2 (2.98) 31.8 (3.29) 0.20

Income <US$20 000, % 41.6 (4.08) 39.1 (2.22) 31.8 (2.71) 36.9 (2.78) 0.22

Previously diagnosed diabetes, % 60.7 (4.03) 59.6 (2.58) 50.5 (2.60) 60.8 (3.37) 0.93

Undiagnosed diabetes, % 39.4 (4.03) 40.4 (2.58) 49.5 (2.60) 39.2 (3.37) 0.93

Diabetes duration*, years 10.6 (0.74) 9.6 (0.72) 9.1 (0.79) 8.8 (0.83) 0.13

Duration <5 years, % 24.3 (3.16) 27.3 (2.16) 22.3 (2.33) 32.0 (3.00) 0.04

Duration 5–9 years, % 15.2 (2.45) 10.7 (1.23) 12.8 (1.53) 10.7 (1.51) 0.27

Duration 10–14 years, % 7.8 (1.50) 9.2 (1.19) 5.9 (1.29) 7.4 (1.46) 0.49

Duration 15–19 years, % 3.5 (1.07)* 5.7 (1.08) 4.3 (1.01) 2.9 (1.04)* 0.24

Duration ≥20 years, % 10.0 (1.61) 6.7 (1.13) 5.2 (1.13) 7.8 (1.49) 0.61

No exercise, % 39.7 (5.17) 36.7 (4.04) 36.5 (4.73) 44.6 (4.73) 0.39

Exercise 1–3 times/week, % 44.2 (5.49) 48.3 (4.57) 44.8 (5.07) 27.6 (5.03) 0.01

Exercise ≥3 times/week, % 16.1 (4.18) 15.0 (2.23) 18.8 (3.20) 27.8 (3.62) 0.02

Calories†, kcal 1718 (100.1) 1855 (65.0) 1987 (87.6) 2011 (128.0) 0.08

Calories from saturated fat†, mean % 10.5 (0.37) 11.1 (0.26) 11.5 (0.52) 12.2 (0.48) 0.01

Mean HbA1c, mean % 7.1 (0.18) 7.1 (0.08) 7.3 (0.11) 7.2 (0.10) 0.48

HbA1c<5.9%, % 40.0 (3.75) 32.5 (2.44) 28.3 (2.98) 26.3 (3.10) <0.01

HbA1c 5.9–7.0%, % 22.7 (2.83) 34.4 (2.60) 36.8 (2.93) 39.0 (3.10) <0.01

HbA1c ≥7.1%, % 37.3 (3.42) 33.1 (2.35) 34.9 (2.71) 34.7 (2.68) 0.86

Not taking medication, % 61.8 (3.49) 57.1 (2.28) 60.5 (2.90) 51.6 (3.14) 0.05

Taking oral medications only, % 25.0 (2.75) 31.4 (2.13) 27.7 (2.74) 36.7 (2.94) 0.01

Taking insulin, % 13.2 (2.58) 11.5 (1.37) 11.8 (1.50) 11.7 (1.51) 0.70

Hypertension, % 44.2 (4.15) 56.7 (2.39) 57.7 (3.19) 64.0 (3.27) <0.01

Total cholesterol, mg/dL 218.7 (6.06) 217.5 (2.48) 215.6 (3.08) 210.1 (3.20) 0.08

Waist circumference, cm 87.8 (0.51) 99.6 (0.36) 109.0 (0.44) 125.0 (1.03) <0.01

*Among participants with previously diagnosed diabetes.
†Based on a 24 h dietary recall.
HbA1c, glycated haemoglobin.
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Table 2 HR (95% CI) of all-cause and cause-specific mortality associated with body mass index category

18.5–24.9 kg/m2 25–29.9 kg/m2 30–34.9 kg/m2 ≥35 kg/m2

All-cause mortality

Number of deaths 151 267 151 99

Mortality rate (SE)* 41 (5.6) 32 (3.4) 26 (3.4) 19 (2.8)

HRs

Unadjusted 1.00 0.79 (0.58 to 1.07) 0.64 (0.46 to 0.90) 0.48 (0.33 to 0.69)

Multivariable adjusted 1† 1.00 0.75 (0.53 to 1.08) 0.76 (0.51 to 1.12) 0.85 (0.56 to 1.31)

Multivariable adjusted 2‡ 1.00 0.85 (0.60 to 1.21) 0.87 (0.57 to 1.33) 1.05 (0.72 to 1.53)

Cardiovascular mortality

Number of deaths 66 102 57 34

Mortality rate (SE)* 15 (2.9) 12 (2.1) 6 (1.3) 6 (1.5)

HRs

Unadjusted 1.00 0.78 (0.49 to 1.24) 0.44 (0.25 to 0.75) 0.40 (0.22 to 0.74)

Multivariable adjusted 1† 1.00 0.79 (0.47 to 1.32) 0.59 (0.31 to 1.10) 0.86 (0.46 to 1.63)

Multivariable adjusted 2‡ 1.00 0.96 (0.56 to 1.64) 0.76 (0.40 to 1.46) 1.06 (0.56 to 2.00)

Cancer mortality

Number of deaths 19 64 30 19

Mortality rate (SE)* 6 (2.9) 9 (1.7) 9 (2.5) 3 (1.2)

HRs

Unadjusted 1.00 1.50 (0.52 to 4.36) 1.52 (0.52 to 4.46) 0.57 (0.14 to 2.38)

Multivariable adjusted 1† 1.00 1.41 (0.47 to 4.18) 1.74 (0.60 to 5.05) 0.98 (0.23 to 4.12)

Multivariable adjusted 2‡ 1.00 1.73 (0.54 to 5.60) 1.90 (0.61 to 5.90) 1.39 (0.32 to 5.99)

Diabetes mortality

Number of deaths 63 107 56 31

Mortality rate (SE)* 18 (4.4) 12 (1.7) 8 (1.3) 5 (1.3)

HRs

Unadjusted 1.00 0.65 (0.38 to 1.13) 0.43 (0.25 to 0.74) 0.28 (0.13 to 0.59)

Multivariable adjusted 1† 1.00 0.64 (0.36 to 1.14) 0.50 (0.27 to 0.91) 0.43 (0.20 to 0.93)

Multivariable adjusted 2‡ 1.00 0.72 (0.40 to 1.30) 0.67 (0.37 to 1.21) 0.57 (0.25 to 1.30)

Respiratory mortality

Number of deaths 12 14 13 7

Mortality rate (SE)* 2 (0.4) 4 (1.3) 3 (0.9) 2 (0.8)

HRs

Unadjusted 1.00 0.47 (0.15 to 1.43) 0.78 (0.35 to 1.76) 0.38 (0.11 to 1.30)

Multivariable adjusted 1† 1.00 0.45 (0.14 to 1.45) 1.01 (0.42 to 2.45) 0.89 (0.27 to 2.90)

Multivariable adjusted 2‡ 1.00 0.32 (0.08 to 1.34) 0.89 (0.34 to 2.36) 0.85 (0.19 to 3.89)

*Per 1000 person-years.
†Adjusted for age, race-ethnicity and sex.
‡Adjusted for age, race-ethnicity, sex, smoking status, education, income and diabetes duration.

Figure 1 Adjusted relative

hazard of all-cause mortality

associated with body mass index

(BMI). Grey shading represents

95% CI; tick marks indicate

deaths; background histogram of

BMI displayed on the right axis.
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diabetes and respiratory mortality were not significantly
associated with quartile of waist circumference after mul-
tivariable adjustment (table 3). After stratifying by sex,
quartiles of waist circumference were not significantly
associated with mortality among men or women (online
supplementary table S10). Using previously described
combined BMI and waist circumference categories,
higher levels of adiposity were not significantly asso-
ciated with all-cause mortality (online supplementary
table S11).

DISCUSSION
In contrast to the U-shaped association observed in
general population studies, our population-based pro-
spective study of people with diabetes at baseline found
that BMI and waist circumference were not significantly
associated with risk of mortality. In sensitivity analyses in

which we stratify the analysis by important character-
istics, there were significant results suggesting a
U-shaped association between BMI and mortality among
men and among people in the highest tertile of HbA1c
(≥7.1%); among people 20–44 years of age, those with a
healthy weight based on BMI had a higher risk of mor-
tality than those with higher BMI. However, the majority
of our sensitivity analyses found no significant associ-
ation between measures of adiposity and mortality.
Our findings in the overall diabetes population

showing no association between BMI and mortality are
consistent with several previous studies including a study
of 8334 people with diabetes14 and two other smaller
studies13 15 that did not find an association between BMI
and mortality among people with diabetes. Conversely,
other studies investigating this relationship have had
inconsistent results. In a study of medical records from
over 100 000 people with diabetes in Scotland, there was

Table 3 HR (95% CI) of all-cause and cause-specific mortality associated with sex-specific* quartile of waist circumference

Quartile 1 Quartile 2 Quartile 3 Quartile 4

All-cause mortality

Number of deaths 173 185 150 111

Mortality rate (SE)† 29 (3.5) 31 (4.0) 28 (3.5) 23 (3.0)

HRs

Unadjusted 1.00 1.11 (0.86 to 1.43) 0.99 (0.71 to 1.39) 0.84 (0.61 to 1.17)

Multivariable adjusted 1‡ 1.00 0.92 (0.69 to 1.25) 0.87 (0.61 to 1.25) 1.04 (0.69 to 1.55)

Multivariable adjusted 2§ 1.00 1.03 (0.77 to 1.37) 1.02 (0.73 to 1.42) 1.12 (0.77 to 1.61)

Cardiovascular mortality

Number of deaths 75 63 60 36

Mortality rate (SE)† 10 (1.7) 11 (2.6) 9 (1.6) 7 (1.6)

HRs

Unadjusted 1.00 1.20 (0.70 to 2.07) 0.91 (0.57 to 1.45) 0.72 (0.40 to 1.31)

Multivariable adjusted 1‡ 1.00 1.00 (0.56 to 1.78) 0.80 (0.49 to 1.33) 1.09 (0.61 to 1.97)

Multivariable adjusted 2§ 1.00 1.17 (0.66 to 2.10) 0.94 (0.59 to 1.50) 1.13 (0.64 to 2.00)

Cancer mortality

Number of deaths 31 46 26 24

Mortality rate (SE)† 7 (2.2) 7 (2.3) 8 (2.2) 5 (1.4)

HRs

Unadjusted 1.00 1.07 (0.46 to 2.47) 1.22 (0.58 to 2.55) 0.67 (0.27 to 1.65)

Multivariable adjusted 1‡ 1.00 0.89 (0.39 to 2.04) 1.04 (0.48 to 2.26) 0.78 (0.33 to 1.85)

Multivariable adjusted 2§ 1.00 0.92 (0.44 to 1.90) 1.27 (0.57 to 2.82) 0.84 (0.34 to 2.08)

Diabetes mortality

Number of deaths 68 78 54 34

Mortality rate (SE)† 12 (2.7) 13 (2.3) 8 (1.4) 6 (1.4)

HRs

Unadjusted 1.00 1.12 (0.62 to 2.00) 0.68 (0.37 to 1.25) 0.55 (0.30 to 1.00)

Multivariable adjusted 1‡ 1.00 0.90 (0.49 to 1.66) 0.58 (0.31 to 1.08) 0.64 (0.34 to 1.18)

Multivariable adjusted 2§ 1.00 1.14 (0.58 to 2.22) 0.81 (0.41 to 1.59) 0.78 (0.42 to 1.46)

Respiratory mortality

Number of deaths 12 13 9 9

Mortality rate (SE)† 3 (1.1) 3 (1.0) 2 (0.8) 2 (1.0)

HRs

Unadjusted 1.00 1.21 (0.40 to 3.62) 0.71 (0.21 to 2.39) 0.87 (0.25 to 3.00)

Multivariable adjusted 1‡ 1.00 1.03 (0.35 to 2.98) 0.63 (0.18 to 2.24) 1.15 (0.35 to 3.76)

Multivariable adjusted 2§ 1.00 0.76 (0.22 to 2.62) 0.72 (0.18 to 2.90) 0.99 (0.28 to 3.54)

*For men: <98.0, 98.0–105.1, 105.2–113.8 and ≥113.9 cm; for women: <90.4, 90.4–100.8, 100.9–111.5 and ≥111.6 cm.
†Per 1000 person-years.
‡Adjusted for age, race-ethnicity and sex.
§Adjusted for age, race-ethnicity, sex, smoking status, education, income and diabetes duration.
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a U-shaped association and people with a BMI between
25 and 35 kg/m2 had the lowest risk of mortality.8

Similarly, among over 89 000 Ukrainian people in a
population-based diabetes registry, there was a U-shaped
association and people with a BMI between 25 and
30 kg/m2 had the lowest risk of mortality.9 Among 8970
participants of the Nurses’ Health Study and 2457 parti-
cipants of the Health Professionals’ Follow-up Study with
diabetes, the shape of the BMI–mortality association
depended on the smoking status of participants, with a
J-shaped relationship among ever smokers and a positive
linear relationship among never smokers.10 In a study of
13 087 people in the Swedish National Diabetes Registry,
BMI categories were positively related to risk of mortal-
ity.22 Among 4740 diabetic participants of the National
Health Interview Survey, there was a monotonic decrease
in risk of all-cause mortality associated with higher quin-
tiles of self-reported BMI among never smokers and ever
smokers.11 In a pooled analysis of five cohort studies
including 2625 people with diabetes,12 BMI was dichoto-
mised and those ≥25 kg/m2 had a lower risk of mortality
than those with a BMI of 18.5–24.9 kg/m2. These studies
vary in terms of location, population, BMI categorisa-
tion, BMI assessment and timing of BMI measurement
relative to diabetes diagnosis, but it is unclear why they
are inconsistent.

The authors of a previous study suggested that collider
bias may play a role in the inverse BMI–mortality associ-
ation found in some previous studies of people with dia-
betes; they used NHANES data to investigate the issue,
finding an inverse association between BMI and mortal-
ity only among smokers, an association that was attenu-
ated and not significant after introducing restrictions
aimed at reducing the intensity of reverse causal path-
ways.16 Our study similarly excluded participants to limit
the impact of reverse causal pathways and we found no
association between multiple measures of adiposity and
mortality. The non-significant positive association among
never smokers suggests the possibility that there are
some residual biases in our analysis of the overall popu-
lation and completely eliminating the biases may result
in a positive association between adiposity and mortality.
There are other possible explanations for why the

association between adiposity and mortality may differ in
persons with diabetes compared with the general popu-
lation. Since type 2 diabetes is an obesity-related
disease,19 people with normal weight who develop dia-
betes may have additional risk factors for diabetes that
also increase risk of mortality, or they may have a more
aggressive pathophysiology. It is also possible that people
with normal weight and diabetes are screened less vigor-
ously for cardiovascular disease and cancer, offsetting

Figure 2 Adjusted relative

hazard of all-cause mortality

associated with waist

circumference among men (A)

and women (B). Grey shading

represents 95% CI; tick marks

indicate deaths; background

histogram of waist circumference

displayed on the right axis.
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any benefit of having less adipose tissue. It is important
to note that our results do not provide any insight into
whether gaining or losing weight affects risk of mortality
among people with diabetes, because clinical character-
istics were only obtained at baseline.23

Waist circumference is an important measure of adi-
posity, as it has been shown to be more strongly asso-
ciated with obesity-related comorbidities than BMI.24–27

Muscle mass does not substantially affect waist circumfer-
ence measurement, unlike BMI, which may be lower
due to loss of lean body mass among the frail or among
those with chronic ailments such as cardiovascular
disease and cancer.28 We were only able to identify one
previous study investigating the association between waist
circumference and mortality among people with dia-
betes. In a pooled analysis of five cohort studies includ-
ing 2625 participants, waist circumference modelled as a
continuous variable was found to be positively associated
with risk of mortality after multivariable adjustment.12 In
contrast, waist circumference was not associated with
mortality in our study.
In studies of adiposity and mortality among people

with diabetes, the timing of when BMI or waist circum-
ference is measured relative to diagnosis of diabetes may
be important. In our study, about 60% of the partici-
pants were previously diagnosed with diabetes. Weight
gain or loss may have occurred during the course of dia-
betes as a result of changes in lifestyle, medication use
or diabetes disease progression. However, when stratified
by previous diabetes diagnosis, the BMI–mortality associ-
ation was similar and not significant for those previously
diagnosed and those who were undiagnosed at baseline.
The diagnostic criteria and treatment regimens com-
monly used in the USA may have changed since the
baseline of our study, which may affect the generalisabil-
ity of our results to people who currently have diabetes.
Additionally, comorbid conditions that increase the risk
of mortality and cause weight loss could make obesity
appear to have a relatively lower mortality risk compared
with normal weight individuals. In our study, we
attempted to prevent this by excluding people with a
history of cardiovascular disease or cancer as well as
those with undiagnosed conditions who died during the
first 2 years of follow-up; however, some participants may
have had undiagnosed diseases at baseline, which
affected their adiposity measurements and increased
their risk of mortality more than 2 years after baseline.
Another potential limitation is that the adiposity–mortal-
ity relationship may differ between people with type 1
and type 2 diabetes. We excluded participants with likely
type 1 diabetes; although we may not have identified
every case of type 1 diabetes, there is not likely to be
enough unidentified cases to have a substantial impact
on our results. Also, some of our participants may have
had other forms of diabetes, such as latent autoimmune
diabetes in adults, which we were not able to identify,
but these forms of diabetes are not common. Another
limitation was the limited power to detect associations in

some analyses of cause-specific mortality and in some
sensitivity analyses in which we stratified results. Finally,
mortality is the only outcome data we have for NHANES
participants since they were not actively followed for
comorbidity. Therefore, our results cannot be general-
ised to non-fatal events or other diabetes complications.
Despite our limitations, our study maintained a

number of strengths. Our study included a large nation-
ally representative sample of the non-institutionalised
population with diabetes in the USA, and we were able
to include people with diagnosed and undiagnosed dia-
betes. Also, multiple markers of adiposity, including BMI
and waist circumference, were measured by NHANES
staff using rigorous study protocols with extensive quality
control procedures that changed minimally over time.
Our results were consistent in that we found similar
results for both markers of adiposity.
In conclusion, measures of adiposity were generally

not associated with mortality in a nationally representa-
tive sample of people with prevalent and incident dia-
betes. However, BMI had a U-shaped association with
mortality among men when modelled as a spline.
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