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BACKGROUND: Previous studies found normal weight
compared to overweight/obese adults with type 2
diabetes had a higher mortality risk, and body-mass
index (BMI)-mortality studies do not typically account
for baseline diabetes status.

OBJECTIVE: To determine if diabetes influences the
BMI-mortality relationship.

DESIGN: Using a prospective study design, we analyzed
data from a nationally representative sample of US
adults participating in the National Health Interview
Survey from 1997 to 2002, and followed for mortality
through 2006.

PARTICIPANTS: Excluding those with heart disease or
cancer, our final analytic sample included 74,710
(34,805 never smoker) adults.

MAIN MEASURES: BMI was calculated from self-
reported height and weight. Diabetes status was based
on self-reported diagnosis from a health professional.
We used direct age standardization to calculate all-
cause mortality rates and adjusted Cox models for all-
cause mortality hazard ratios by BMI quintile; this was
done separately for adults with diabetes and without
diabetes.

KEY RESULTS: Among never smokers, mean age was
50.1 years and 43 % were men. Mean BMI was 27.4 kg/m?,
26 % were obese, and 2,035 (5 %) reported diagnosed
diabetes. After 9 years, there were 4,355 deaths (754 of
4,740 with diabetes; 3,601 of 69,970 without) among
74,710 participants, and 1,238 (247 of 2,035 with diabetes;
991 of 32,770 without) among 34,805 never smokers. We
observed a qualitative interaction with diabetes on the BMI-
mortality relationship (p=0.002). Death rates were sub-
stantially higher among participants with diabetes com-
pared to those without diabetes across all BMI quintiles.
However, death rates in participants with diabetes fell with
increasing BMI quintile, while rates followed a J-shaped
curve among those without diabetes. In adjusted Cox
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models, BMI was positively associated with mortality in
adults without diabetes, but inversely associated with
mortality among participants with diabetes.
CONCLUSIONS: Mortality increased with increasing BMI
in adults without diabetes, but decreased with increasing
BMI among their counterparts with diabetes. Future
studies need to be better designed to answer the question
of whether normal weight adults with diabetes have a
higher risk of mortality, by minimizing the possibility of
reverse causation. Future studies should also account for
prevalent diabetes in all investigations of the BMI-mor-
tality relationship.
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INTRODUCTION

The prevalence of overweight and obesity in the United States
has increased at an alarming rate over the past several
decades,'~ and is considered a public health crisis. Although
obesity is a well-established risk factor for a host of serious
and costly health conditions, including cardiovascular disease
(CVD), type 2 diabetes (T2DM), and certain cancers, the
relationship between body-mass index (BMI) and mortality in
sub-groups defined by demographics or comorbid disease
remains controversial.”’

T2DM is strongly related to both BMI and mortality risk, but
it is not typically taken into account by studies of the BMI-
mortality risk relationship. Most studies of BMI and mortality
exclude individuals with a history of CVD or cancer, since both
conditions lead to both weight loss and mortality. Smokers are
excluded for the same reason. In contrast, individuals with
diabetes are generally not excluded, under the presumption that
the BMI-mortality relationship in people with diabetes parallels
the relationship in their counterparts without diabetes. This
presumption, however, is not often empirically tested. The
importance of demonstrating the threat posed by disease-related
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weight loss as a source of bias in observational studies of body
weight and mortality has recently been underscored.® There-
fore, our objective was to determine the extent to which
diabetes influences the BMI-mortality relationship. We hy-
pothesized that diabetes would appreciably modify the rela-
tionship between BMI and mortality.

METHODS
The National Health Interview Survey

‘We used nationally representative survey data from the National
Health Interview Survey (NHIS). NHIS uses a three-stage
stratified cluster probability sampling design to conduct annual
face-to-face health interviews of non-institutionalized US civil-
ians. A complete description of NHIS procedures is available
elsewhere.”

The survey interviews were conducted using computer-
assisted personal interviewing (CAPI). Within each family in a
household, one child (not included in this analysis) and one
adult (the focus of this analysis) were randomly selected to
provide more extensive health-related information. We used
NHIS data pooled from 1997 to 2002 by the Integrated Health
Interview Series with links to the National Death Index (NDI)
up to 31 December 2006.'% The average response rate for the
randomly sampled adults over the study period was 73.7 %
(range: 71.1-78.1 %).

Our study was approved by the Institutional Review
Board’s Committee on Human Research at the Harvard
School of Public Health, and the NHIS received informed
consent from each participant.

Study Participants

Our sample included participants who were between 35 and
75 years old and who were Non-Hispanic White or Non-
Hispanic Black (henceforth, White or Black), based on self-
report. We excluded individuals if they met any of the
following conditions: 1) were born outside the US; 2)
reported a prior history of cancer and/or heart disease (to
minimize the influence of reverse causation); 3) were
pregnant at time of interview; 4) had missing data on
height, weight, mortality, heart disease, cancer, or smoking
status; 5) had an extreme BMI of < 15 or > 55 kg/m?; or 6)
had their diabetes diagnosed at < 25 years age and were
treated with insulin. After exclusions, our final sample
consisted of 74,710 participants (see Supplemental
Figure 1, available online). We compared analysis-
eligible participants with complete data with their
counterparts with missing data, and found no signifi-
cant differences in age, sex, race, health status, poverty
status, or household size.
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Figure 1. a) Age standardized death rates and b) adjusted hazard
ratios for mortality among never smoking adults with and without
diabetes by BMI quintile, National Health Interview Survey, 1997—
2002, followed through 2006. BMI quintiles: 1) 15.02-22.83 kg/mz; 2)
22.84-25.09 kg/m?; 3) 25.1-27.46 kg/m?; 4) 27.47-31.02 kg/m?; 5)
31.03-54.92 kg/mz; Reference: Quintile 2. a) Age-standardization by
the direct method with 2000 US Census as the standard population;
error bars represent upper confidence intervals. b) HR=hazard ratio.
Adjusted for age, race, education, marital status, alcohol consump-
tion, leisure-time physical activity, as well as diabetes medications and
duration among participants with diabetes; error bars represent
upper and lower confidence intervals; p value indicates p for trend
from BMI quintiles 2 to 5.

Measures

All-Cause Mortality. Our main outcome of interest was all-
cause mortality. Deaths were identified by linking NHIS to
the NDI, and were classified according to International
Classification of Disease (ICD)-10 codes.

Body-Mass Index. Using the entire analytic sample of
participant-reported heights and weights, we classified
participants into BMI quintiles, rounded to the nearest 0.5
BMI unit. Quintile 1 represented BMI 15.0-22.9 kg/m?;
quintile 2: BMI 23.0-24.9 kg/m*; quintile 3: BMI 25.0—
27.4 kg/m?; quintile 4: BMI 27.5-30.9 kg/m?; and quintile
5: BMI 31.0-55.0 kg/m>. We chose to use both
standardized and data-driven categories based on the
distribution of our study sample.
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Diabetes. Participants were asked, “Have you EVER been
told by a doctor or other health professional that you have
diabetes or sugar diabetes?” For women, the question was
preceded by the phrase, “Other than during pregnancy” to
exclude cases of gestational diabetes. Participants
categorized as having borderline diabetes were included as
not having diabetes (n=818). Participants < 25 years who
reported taking insulin for diabetes were excluded from the
analysis to increase the likelihood of including only those
with T2DM. Diabetes duration was estimated by subtracting
current age from reported age at diabetes diagnosis.

Covariates. Cigarette smoking status was categorized as ever
or never, based on whether or not a participant smoked 100
cigarettes over their lifetime, and alcohol consumption was
classified as current (1+ drinks in the past year), former (no
drinks in the past year) or never (< 12 drinks in life). Leisure-
time physical activity was categorized as none/unable, low, or
high, based on bouts of how often participants engaged in
light/moderate leisure-time or vigorous physical activities for
at least 10 min. Activity bouts were classified as either “low”
or “high” using the median (i.e. > 9 bouts of moderate and > 5
bouts of vigorous activity) as the cut point. Educational
attainment was categorized as<high school (<HS) (no high
school diploma), high school (HS) (high school or general
equivalency diploma), and>high school (>*HS) (any education
beyond high school). Marital status was categorized as either
married; divorced, widowed, or separated; or never married.

Statistical Analysis

We incorporated sampling weights for all analyses to account
for the unequal probabilities of selection resulting from the
sample design, from non-response to the NHIS, and from
planned oversampling of racial/ethnic minorities and the
elderly (>65 years). Standard errors or variance estimations
were calculated using Taylor series linearization."' A two-
sided p value<0.05 was considered statistically significant.

We compared participant sociodemographic characteristics,
clinical parameters, and health behaviors overall, according to
both diabetes status and BMI quintile. Continuous variables
were expressed as means=their respective standard errors (SE),
whereas categorical variables were presented as absolute values
with corresponding percentages. To test for differences in pre-
specified sociodemographic, clinical, and behavioral character-
istics between diabetes status and by BMI quintile, we used the
Rao-Scott second-order corrected Pearson statistic.'”

We used direct age standardization to calculate all-cause
mortality rates in adults with versus without diabetes by BMI
quintile. Cox proportional hazard models were used to estimate
hazard ratios and corresponding 95 % confidence intervals
across BMI quintiles and by diabetes status, with adjustments

for age (as the timescale), race, education, marital status, alcohol
consumption, leisure-time physical activity, and general health
status among those without diabetes."” We further adjusted for
self-reported diabetes medication (i.e. pills, insulin) use and
diabetes duration among individuals with diabetes. Follow-up
time was counted from age at enrollment to either age of death
or, if classified as alive, age at the end of the study period (31
December 2006), or age 75—whichever came first. The
proportional hazards assumption of the model, tested using
Schoenfield residuals, was met.

We calculated adjusted hazard ratios for all-cause mortality
by BMI quintile separately in adults with diabetes and without
diabetes with a one-year time lag. We tested for an interaction
with diabetes and BMI for men and women separately, to
determine if the BMI-mortality relationship differed between
those with and without diabetes by sex. We also tested for
interactions with age for the BMI-mortality relationship
among those with and without diabetes in separate models,
in addition to a three-way interaction with age, BMI and
diabetes. We stratified all mortality analyses by smoking status
(ever vs. never), since smoking is well known to increase
mortality risk while decreasing body weight. For that reason,
we focused our main results on never smokers.

To test the robustness of our results, we conducted several
separate pre-specified subgroup analyses, excluding those, at
baseline, with: 1) CVD and cancer; 2) CVD only; 3) cancer
only; and 4) neither CVD nor cancer. We also conducted an
analysis among participants classified as ever smokers.

RESULTS
Characteristics of the Study Population

Sociodemographic, clinical and behavioral characteristics of
the 34,805 NHIS study participants who were considered
never smokers are shown by diabetes status and BMI
quintile in Table 1. The mean age was 50.1£0.1 years, and
43 % were men. Forty-seven percent of all participants were
never smokers, 26 % never consumed alcohol, and 33 %
reported never engaging in leisure-time physical activity.
The mean BMI was 27.4+0.04 kg/m?, 26 % of participants
were obese, 25 % had hypertension, 5 % had diabetes, and
8 % (6 % without diabetes; 35 % with diabetes) reported
fair or poor general health status. Among those with
diabetes, the proportion of Black women, individuals who
never married, those who never or were unable to engage in
physical activity, and participants with hypertension in-
creased with increasing BMI quintile. Diabetes duration
was 8.7+8.2 years, and decreased with increasing BMI
quintile. Among those with diabetes, age increased with
increasing BMI quintile for individuals 35-49 years old, but
decreased with increasing BMI quintile for individuals aged
> 65 years.
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Table 1. A Comparison of Sociodemographic Characteristics and Health Behaviors Among Never-Smoking NHIS Participants by Diabetes
Status, 1997-2002, Followed Through 2006 (N=34,805)

No diabetes Diabetes Overall
BMI (kg/m?) BMI (kg/m?)
15.02— 22.84- 25.1- 27.47- 31.03- 15.02— 22.84— 25.1- 27.47- 31.03-

22.83 25.09 27.46 31.02 54.92 22.83 25.09 27.46 31.02 54.92

Sample size, n (%) 6,560(20) 6,614(21) 6,698(21) 6,444(20) 6,454(19) 99(5) 1939)  279(14) 484 (25) 980(48) 34,805
Age, year£SE  47.940.15 48.9+0.15 49.5+0.16 49.0+0.15 48.4+0.13 60.4+1.69 61.1+0.86 59.3+0.62 58.3£0.62 55.0+0.40 50.10.05

Age group, (%)
3549

65 61 57 59 61 17 17 19 25 34 55

50-64 24 27 30 29 30 39 36 45 39 42 32

> 65 11 12 13 12 9 43 47 36 36 24 13
Men, % 20 46 54 54 43 32 43 44 46 36 43

Race/Ethnicity, %

Non-Hispanic 18 43 49 47 37 27 33 37 37 32 39
White men

Non-Hispanic 2 4 5 7 7 5 11 7 10 5 5
Black men

Non-Hispanic 75 47 40 38 43 55 45 44 35 42 48
White women

Non-Hispanic 5 6 6 8 13 13 11 12 18 21 8

Black women

Educational attainment, %

< High school 26 30 31 32 35 48 37 35 35 37 31

High school 5 5 7 8 11 21 20 22 21 22 8
graduate

Some college 26 26 27 28 30 14 23 22 26 26 28

> College 43 39 35 31 24 17 20 21 18 15 33

Marital Status, %

Married 73 73 74 74 67 67 66 68 66 62 72
Divorced/ 17 18 18 17 20 28 30 27 26 28 18
separated/
widowed
Never married 10 9 8 9 13 5 4 5 8 11 10
Living in Poverty, % 5 4 5 5 8 11 17 10 11 12 6

Health Behaviors, %
Alcohol consumption

Never 24 22 24 25 29 55 42 42 43 40 26
Current 10 12 13 13 15 21 25 25 23 28 13
Former 66 66 63 62 56 23 33 33 33 32 61

Leisure-time
physical activity

Never/unable 28 29 32 33 42 49 49 41 50 52 33
Low 35 34 34 35 31 25 24 28 26 23 33
High 38 37 34 2 37 25 27 31 24 24 33

Clinical Characteristics
BMIO(g/mZiSE) 21.04£0.02 24.0+0.01 26.4+0.01 29.2+0.01 35.5+£0.06 21.1£0.19 24.1+£0.05 26.4+£0.04 29.3£0.05 37.0+£0.20 27.4+0.04

Hypertension 11 16 21 28 39 46 50 56 62 68 25
(yes), %
Diabetes (yes), %o — — — — — 11.5+10.3 10.5£9.2 9.4+79 8.8+8.1 7.6+7.5 8.7+8.2

General Health Status, %

Excellent/Very 82 79 76 71 57 35 31 31 29 24 71
Good
Good 14 17 19 23 31 26 37 41 38 38 21

Fair/Poor 4 4 5 6 12 39 33 28 33 38 8
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Table 1. (continued)

No diabetes Diabetes Overall
BMI (kg/m?) BMI (kg/m?)
15.02— 22.84— 25.1- 27.47- 31.03- 15.02— 22.84— 25.1- 27.47- 31.03-
22.83 25.09 27.46 31.02 54.92 22.83 25.09 27.46 31.02 54.92
Region of Country, %
Northeast 20 19 18 17 16 20 17 15 15 13 18
Midwest 25 27 27 29 29 28 21 23 26 27 27
South 37 36 37 38 40 41 41 49 42 48 38
West 19 18 18 16 15 11 21 14 16 12 17

SE standard error

During the 9-year follow-up, there were 4,355 deaths (754
of 4,740 with diabetes; 3,601 of 69,970 without) among all
74,710 participants, and 1,238 (247 of 2,035 with diabetes;
991 of 32,770 without) among 34,805 never smokers.

Impact of Diabetes on BMI-Mortality
Relationship

We observed qualitative interaction (p=0.002) where both the
magnitude and direction of the BMI-mortality relationship
depended on diabetes, indicating that interaction was present
on both the additive and multiplicative scales. Death rates were
substantially higher among participants with diabetes com-
pared to those without diabetes across all BMI quintiles. Death
rates in participants with diabetes, however, fell with increasing
BMI quintile, while rates followed a J-shaped curve among
those without diabetes (Fig. 1a). Death rates (per 1,000 person
years) by BMI quintiles among participants with diabetes were
176.2 for quintile 1, 101.3 for quintile 2, 84.1 for quintile 3,
81.3 for quintile 4, and 79.3 for quintile 5; while death rates
among individuals without diabetes were 39.3 for quintile 1,
28.9 for quintile 2, 31.3 for quintile 3, 33.7 for quintile 4, and
46.8 for quintile 5.

In adjusted Cox models, BMI was positively associated with
mortality in adults without diabetes, but inversely associated
among participants with diabetes (Fig. 1b). Among individuals
with diabetes, the hazard ratios (HR) for all-cause mortality
using BMI quintile 2 as the reference category were as follows:
HR = 1.09 (95 % Confidence Interval [CI]: 0.52-2.27) for BMI
quintile 1; HR=0.63 (95 % CI: 0.33-1.20) for BMI quintile 3;
HR=0.58 (95 % CI: 0.33-1.01) for BMI quintile 4; and HR=
0.52 (95 % CI: 0.31-0.86) for BMI quintile 5. There was,
however, a positive association between increasing BMI and
mortality among individuals without diagnosed diabetes.

Our subgroup analyses, excluding participants at baseline
with: 1) CVD or cancer, 2) CVD only, 3) cancer only, and 4)
neither CVD nor cancer, yielded the same inferences as our main
results in that BMI remained positively associated with mortality
in adults without diabetes, but inversely associated in individuals
with diabetes (see Table 2). The positive association between

BMI and mortality among those without diabetes was stronger
for individuals < 65 years compared to those > 65 years. The
inverse relationship for those with diabetes was weaker for
individuals > 65 years. Age interactions were significant for the
BMI-mortality relationship among both individuals without (6=
0.9969; p<0.0001) and with diabetes (3=0.9986; p=0.006). The
three-way interaction between continuous age, BMI and diabetes
was also significant (5=0.9992; p<0.0001) (data not shown).
Although the sample sizes in the lowest and highest
categories were too low to provide stable estimates, the use
of standard BMI categories did not alter the interpretation of
results (see Supplemental Table 3, available online).

DISCUSSION

In our study, the BMI-mortality relationship was found to
be substantially different in adults with versus those without
prevalent diabetes. In adults with diagnosed diabetes, the
relationship of BMI to mortality appeared to be inverse.
This inverse relationship was strong, fairly graded, and
independent of smoking, CVD, cancer, and a range of other
potential confounders. BMI remained positively associated
with mortality in adults without diabetes, but inversely
associated in their counterparts with diabetes. This qualita-
tive interaction indicates that prevalent diabetes modifies
the BMI-mortality relationship on both the additive and
multiplicative scales. As the additive scale is most relevant
to public health, clinicians and investigators should keep in
mind that individuals with diabetes have a higher risk of
mortality at all levels of BMI compared to their counterparts
without diagnosed diabetes.

Excess adiposity (especially beyond a BMI of 35) in the
general, healthy population is an established risk factor for
mortality,"* but its relationship to mortality is unclear in
diseased populations like those with diabetes, as recent data
suggest individuals who have a normal weight at diabetes
diagnosis may be at an increased mortality risk compared to
their overweight/obese counterparts.'” Investigators increas-
ingly reference an obesity paradox among individuals with
chronic diseases, whereby obese persons have higher
survival rates compared to non-obese individuals.'®**
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Table 2. Adjusted Hazard Ratios (95 % ClIs) for All-Cause Mortality by Diabetes Status and BMI Quintile, National Health Interview
Survey, 1997-2002, Followed Through 2006

BMI (kg/m?)

15.02-22.83 22.84-25.09 25.1-27.46 27.47-31.02 31.03-54.92
Participants, NF 6,659 6,807 6,977 6,928 7,434
All-Cause Mortality" 221 207 227 251 332
Diabetes Cases 99 193 279 484 980
All-Cause Mortality, 23 34 33 55 102
Diabetes
All Never Smokers* N
No Diabetes 32,770 1.32 (0.97-1.79) 1 (ref) 1.11 (0.83-1.48) 1.26 (0.97-1.64) 1.48 (1.15-1.92)
Diabetes 2,035 1.09 (0.52-2.27) 1 (ref) 0.63 (0.33-1.20) 0.58 (0.33-1.01) 0.52 (0.31-0.86)
Never Smoking
Whites*
No Diabetes 25,581 1.34 (0.95-1.88) 1 (ref) 1.27 (0.92-1.77) 0 (1.05-1.86) 1.77 (1.32-2.37)
Diabetes 1,208 1.03 (0.45-2.39) 1 (ref) 0.76 (0.37-1.56) 1 (0.32-1.16) 0.56 (0.32-1.16)
Never Smoking
Blacks*
No Diabetes 5,115 1.39 (0.72-1.88) 1 (ref) 0.56 (0.30-1.05) 0.80 (0.44-1.47) 0.79 (0.51-1.22)
Diabetes 580 1.20 (0.26-5.42) 1 (ref) 0.17 (0.02-1.36) 0.49 (0.16-1.48) 0.41 (0.17-0.97)
Never Smokers,
< 65 Years Old*
No Diabetes 28,199 8 (0.74-1.88) 1 (ref) 1.28 (0.83-1.97) 1.48 (1.01-2.15) 1.73 (1.20-2.50)
Diabetes 1,318 2 (0.33-4.50) 1 (ref) 0.45 (0.15-1.39) 0.46 (0.17-1.22) 0.42 (0.17-1.01)
Never Smokers,
Age 65+*
No Diabetes 4,571 1.42 (0.99-2.04) 1 (ref) 0 (0.68-1.38) 1.08 (0.75-1.57) 1.27 (0.87-1.86)
Diabetes 717 1.17 (0.49-2.77) 1 (ref) 8 (0.34-1.78) 0.59 (0.29-1.21) 0.53 (0.28-1.00)
Never Smokers
with Diabetes
< 10 Years*
Diabetes 1,226 1.28 (0.32-5.01) 1 (ref) 0.78 (0.27-2.24) 0.59 (0.23-1.46) 0.55 (0.22-1.37)
Never Smokers
with Diabetes 10+
Years*
Diabetes 782 1.05 (0.44-2.49) 1 (ref) 0.58 (0.26-1.28) 0.61 (0.30-1.25) 0.53 (0.29-0.96)
Never Smokers
with Diabetes Using
No Pills/Insulin*
Diabetes — - 1 (ref) — - —
Never Smokers with
Diabetes Using Pills
Only*
Diabetes 1,158 0.98 (0.37-2.61) 1 (ref) 0.70 (0.32-1.55) 0.52 (0.26-1.06) 0.39 (0.19-0.79)
Never Smokers with
Diabetes Using Insulin*
Diabetes 577 1.25 (0.36-4.39) 1 (ref) 0.62 (0.20-1.88) 0.56 (0.20-1.61) 0.61 (0.23-1.60)
All Ever Smokers*
No Diabetes 32,200 1.27 (1.12-1.46) 1 (ref) 0.90 (0.78-1.04) 0.80 (0.69-0.93) 0.85 (0.72-1.00)
Diabetes 2,705 1.16 (0.76-1.78) 1 (ref) 0.56 (0.36-0.86) 0.52 (0.36-0.74) 0.51 (0.36-0.73)
Never Smokers,
No Fair/Poor Health*
No Diabetes 63,106 1.13 (0.96-1.32) 1 (ref) 0 (0.75-1.06) 0.79 (0.67-0.94) 0.83 (0.68-1.01)
Diabetes 2,845 1.69 (0.76-1.78) 1 (ref) 9 (0.56-1.77) 0.88 (0.49-1.60) 1.00 (0.56-1.78)
Never Smokers,
No Respiratory or
Neurodegenerative
Mortality*
No Diabetes 69,916 1.25 (1.09-1.43) 1 (ref) 0.91 (0.79-1.06) 0.80 (0.69-0.93) 0.87 (0.73-1.02)
Diabetes 4,728 1.41 (0.90-2.20) 1 (ref) 0.68 (0.45-1.05) 0.71 (0.49-1.03) 0.79 (0.55-1.14)
Never Smokers,
No Exclusion for
CVD or Cancer
No Diabetes 97,915 1.09 (0.86-1.38) 1 (ref) 0.94 (0.76-1.17) 1.16 (0.95-1.40) 1.26 (1.05-1.53)
Diabetes 5,447 1.78 (1.05-3.04) 1 (ref) 1.05 (0.64-1.72) 0.82 (0.52-1.28) 1.00 (0.64—1.55)
Never Smokers,
No CVD
(Cancer Included)
No Diabetes 93,532 1.16 (0.90-1.49) 1 (ref) 0.94 (0.75-1.19) 1.20 (0.98-1.48) 1.37 (1.12-1.68)
Diabetes 4,924 2.19 (1.22-3.94) 1 (ref) 1.08 (0.62-1.87) 0.82 (0.51-1.34) 1.06 (0.66—1.70)
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Table 2. (continued)

BMI (kg/m%)

15.02-22.83 22.84-25.09 25.1-27.46 27.47-31.02 31.03-54.92
Never Smokers,
No Cancer
(CVD Included)
No Diabetes 92,797 1.06 (0.82-1.37) 1 (ref) 0.91 (0.72-1.15) 1.20 (0.98-1.47) 1.27 (1.04-1.56)
Diabetes 4,619 1.41 (0.78-2.55) 1 (ref) 0.99 (0.57-1.71) 0.82 (0.49-1.36) 0.79 (0.49-1.27)

Adjusted model: age (four categories), marital status, smoking status, leisure-time physical activity, alcohol consumption, poor income, region of

country, and self-reported general health status

= among never smokers only

"Models exclude individuals with heart disease and cancer

Cls confidence intervals, ref reference; CVD cardiovascular disease

Mechanisms for this obesity paradox are not fully under-
stood, but proposed explanations include: 1) sick individ-
uals lose weight and become frail as a result of underlying
illnesses that cause wasting;*> 2) obese, sick individuals
may have greater cardiorespiratory fitness (a proxy for
physical wellness) than non-obese individuals who are also
sick, but more likely to be frail and unfit,®® which is
supported by a “surplus calorie theory” hypothesizing that
the obese have increased calorie reserves resulting in higher
serum lipid levels, less protein/muscle breakdown and less
uremia;”’ 3) healthy individuals without major disease or
injuries experience monotonically increasing mortality risk
from excess adiposity, and individuals with major diseases
or injuries experience monotonically decreasing mortality
risk from excess adiposity; ***° 4) older obese individuals
receive more aggressive treatment that may lead to a
potentially false appearance that obesity is protective; and
5) methodological concerns related to residual confounding,
survivor bias, and lead-time bias.?>*°3?

Regarding diabetes, it is widely acknowledged that body
weight can be influenced by disease duration and weight
loss (both intentional and unintentional) following diabetes
development/diagnosis. Other common comorbidities such
as CVD and cancer may also result in unhealthy weight loss
and increased risk of mortality. Depletion of individuals
most susceptible to the ill effects of diabetes may also
contribute to these findings, as the most unhealthy obese
individuals with diabetes may have died before becoming
eligible to participate in research studies.

Many prior studies included individuals with prevalent
diabetes™>° and did not take baseline diabetes status into
account.”’”*' Numerous previous studies, therefore, should
be interpreted with caution, because adiposity can be affected
by the disease state and may lead to reverse causation.
Individuals with poorly controlled, advanced prevalent diabe-
tes may have a low BMI at the time of data collection due to
the advanced disease state and an increased risk of mortality,

which may give rise to the likely erroneous appearance that a
higher BMI among those with diabetes is protective.

A recent study sought to address this concern by using BMI
measurements taken within a year of diabetes diagnosis to
investigate mortality risk associated with higher BMIs, and
found a U-shaped relationship between BMI and mortality,
where overweight individuals had the lowest risk.** This
study, however, should also be interpreted with caution due to
both low statistical power and insufficient accounting for
potential bias related to reverse causation. Our results also
suggest weight in adults with diabetes may be associated with
different impacts on mortality than are observed in the general
population. However, our ability to determine optimal weight
among adults with diabetes is precluded by both 1) the cross-
sectional nature of our data that produced BMI measurements
among participants with prevalent and not the more informa-
tive incident diabetes (or BMI at diabetes diagnosis), and 2)
our inability to address the potential for reverse causation,
where the presence of preexisting illnesses are associated with
weight loss or wasting.

We have additional limitations. Our data are based on
self-report, including heights and weights used to calculate
BMIs. Studies have, however, shown that BMI values based
on self-report largely produce the same risk estimates as
those based on measurements.”’***** We also relied on
self-reported diabetes, and as many as 27 % of individuals
with diabetes are undiagnosed.* Due to data collection
procedure, we were unable to separate participants with
type 1 and type 2 diabetes to exclude participants with type
1 diabetes from the group reporting diabetes status. We
were, however, able to exclude those who reported a
diabetes diagnosis associated with insulin use prior to
25 years of age. Nonetheless, type 1 diabetes represents
5 % of those with diabetes, making it reasonable to assume
that most cases were type 2. Lastly, the higher risk among
those in the lowest BMI quintile may be due to under-
treatment, poor diabetes control, type 1 diabetes due to
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longer duration of diabetes and higher rates of compli-
cations, and/or poor health conditions that lead to
wasting; however, we did not have the information
necessary to assess these conditions.

Despite the limitations, our study had important strengths, as
our data were based on: 1) a nationally representative cohort
with results that are generalizable to the US population; 2) a
large sample size; 3) a large number of deaths overall and from
diabetes; 4) comparable data for those with and without
diabetes that allowed a direct comparison of risk patterns; and
5) recently collected data.

As the BMI-mortality relationship appears inverse among
adults with diagnosed prevalent diabetes, our study suggests
diabetes status should be taken into account, much like heart
disease and cancer, in future BMI-mortality studies, to obtain
valid estimates. In terms of public health and clinical
implications, data derived from the previously described types
of study designs—due to potential design and methodological
limitations—should be interpreted with caution when devel-
oping or employing treatment recommendations/strategies for
diabetes. As it is established that BMI is positively associated
with increased risk of morbidity and poorer health-related
quality of life,*® achieving and maintaining a healthy weight
should continue to be recommended for both individuals with
and without diabetes.
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