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Aims The association of body weight and weight change with mortality and cardiovascular (CV) outcome in patients
with diabetes mellitus (DM) is not clearly established. We assessed the relationship between weight, weight change,
and outcomes in patients with established CV risk factors and type 2 DM or pre-diabetes.

...................................................................................................................................................................................................
Methods
and results

A total of 12 521 participants from the ORIGIN trial were grouped in BMI categories of low body weight [body
mass index (BMI) < 22 kg/m2] normal (22–24.9), overweight (25–29.9), obesity Grades 1–3 (30–34.9, 35–39.9,
>_40 kg/m2, respectively). Outcome variables included total and CV mortality and composite outcomes of CV
death, non-fatal stroke, or myocardial infarction plus revascularization or heart failure hospitalization. Follow-up
was 6.2 years (interquartile range 5.8–6.7 years). After multivariable adjustment, lowest risks were seen in patients
with overweight and mild obesity for total mortality [overweight: hazard ratio (HR) 0.80 (95% confidence interval
(CI) 0.69–0.91); obesity Grade 1: HR 0.82 (0.71–0.95), both P < 0.01)] and CV mortality [overweight: HR 0.79
(0.66–0.94); obesity Grade 1: 0.79 (0.65–0.95), all compared to patients with normal BMI, P < 0.05]. Obesity of any
severity was not associated with higher mortality. Low body weight was related to higher mortality [HR 1.28
(1.02–1.61); CV mortality: HR 1.34 (1.01–1.79), P < 0.05]. A continued 2-year weight loss was associated with
higher risk of mortality [HR 1.32 (1.18–1.46), P < 0.0001] and CV mortality [HR 1.18 (1.02–1.35), compared to
patients without weight loss, P < 0.05]. In turn, weight gain was not related to any adverse outcome.

...................................................................................................................................................................................................
Conclusion Obesity in patients with DM or pre-diabetes and CV risk profile was not associated with higher mortality or ad-

verse CV outcome. The lowest mortality risk was seen in patients with overweight and moderate obesity (BMI 25–
35 kg/m2). Weight loss was an independent risk factor for higher mortality compared to no weight loss.
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Introduction

Overweight and obesity are established risk factors for cardiovascu-
lar (CV) disease1–3 which is the leading cause of death in modern

society.4 Excessive body weight as a key component of the metabolic
syndrome predisposes to insulin resistance and promotes develop-
ment of type 2 diabetes mellitus (DM) which, too, is a risk factor for
CV disease. Weight control is therefore widely promoted as a major
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..preventive measure to reduce the burden of diabetes and subse-
quent CV disease. In accord with this concept, current guidelines for
prevention and treatment of DM5 and of CV disease6 recommend
weight reduction irrespective of CV comorbidity to improve disease
status and outcome.

The impact of obesity on mortality in patients with established
type 2 DM or at high risk of DM and with a prevalent CV risk profile
is, however, less clear. It appears that with increasing age the opti-
mum (or ideal) body weight is shifting towards a higher body mass
index (BMI) range compared to the WHO-defined ‘ideal BMI’ of
18.5–25 kg/m2.7,8 Increasing evidence demonstrates a survival benefit
with overweight and mild obesity in patients at risk or with estab-
lished CV disease.9 Previous registry data suggest a survival benefit in
overweight patients with DM without CV disease compared to nor-
mal weight.10 While most clinical data on body weight and outcome
report on a single-time assessment of body weight, prospective evi-
dence on weight change affecting outcome is limited and not sup-
portive of a beneficial effect of weight reduction. The LOOK-
AHEAD trial applied a comprehensive lifestyle intervention program
to overweight patients with type 2DM.11 A reduction of body weight
and of subsequent surrogate markers of the metabolic syndrome
was indeed achieved. Yet, the study showed that this weight reduc-
tion did not improve any of the outcome variables on mortality or
morbidity. A 19-year follow-up study of patients with intentional
weight loss of the randomized clinical trial ‘Diabetes Care in General
Practice’ (DCGP) showed that weight loss in obese patients regard-
less of intention did not improve outcome but was an independent
risk factor for increased all-cause mortality.12

The LOOK-AHEAD trial included 5145 relatively healthy patients
with DM (14% with CV comorbidity), and the DCGP study was a
population based cohort study in 1381 patients with newly diagnosed
type 2 DM and a moderate CV risk profile (26–30% macrovascular
comorbidity). In contrast, the ORIGIN trial investigated 12 537
patients with type 2 DM or pre-diabetes with 100% prevalent CV
risk factors.13 The aim of this analysis from the ORIGIN trial data is to
assess the relationship between body weight, weight change, and CV
outcome in this cohort at high risk of CV events.

Methods

Previous publications describe the design and the results of the
ORIGIN trial (ClinicalTrials.gov number, NCT00069784, funded by
Sanofi).13,14 In this randomized, controlled trial, patients with CV risk
factors and either pre-diabetes or type 2 DM were allocated to re-
ceive insulin therapy or standard care and to receive n-3 fatty acids
or placebo in a 2 � 2 factorial design. A total of 12 537 participants
were enrolled in 573 clinical sites in 40 countries. Mean follow-up
was 6.2 years (interquartile range 5.8–6.7 years). Body weight and
height were assessed at baseline and weight was assessed at 2-month
and at yearly follow-up throughout the trial. The primary outcome
was a composite endpoint of CV death, non-fatal myocardial infarc-
tion (MI), or non-fatal stroke. Further outcome measures were indi-
vidual components of the primary endpoint, all-cause mortality, total
stroke, and total MI. The ORIGIN trial complies with the Declaration
of Helsinki and was approved by the Ethical Committee at each site
and each participant provided written informed consent.

Body weight and weight change assessment
Body mass index was assessed as ratio of body weight and height squared
and was categorized according to the WHO criteria as underweight
(BMI < 18.5 kg/m2), normal weight (18.5–<25 kg/m2), overweight (25–
<30 kg/m2), obesity Grade 1 (30–<35 kg/m2), Grade 2 (35–<40 kg/m2)
and Grade 3 (>_40 kg/m2). Due to the low number of participants with a
BMI below 18.5 kg/m2, we expanded in this analyses the category of low
body weight to all participants with a BMI below 22 kg/m2. Accordingly
and in line with accumulating epidemiologic evidence, we used as refer-
ence group (normal weight) patients with a BMI 22–<25 kg/m2.3

Weight change was assessed as % weight change from baseline.
Sustained weight gain was defined as continued weight gain of >_1.0 kg/
year over 2 years with no intervening weight loss of >_0.5 kg. Sustained
weight loss was assessed as continued weight loss of >_1 kg/year over 2
years with no intervening weight gain of >_0.5 kg.

Outcomes
The primary outcome for this analysis was all-cause mortality. We further
investigated the two composite outcomes of the ORIGIN protocol com-
prising: (a) primary composite endpoint of first occurrence of CV death,
non-fatal MI, or non-fatal stroke; and (b) expanded composite endpoint
of first occurrence of these three outcomes or revascularization or hospi-
talization for heart failure (HF). Further analyses included individual com-
ponents of these composites and further outcomes such as total MI and
total stroke.

Statistical analyses
Data analysis followed a prospectively designed analysis plan and used
SAS software (version 9.4 for Solaris). Clinical characteristics are pre-
sented as means (± standard deviation) for continuous variables and by
frequency (percentage) for categorical variables.

For comparison of baseline characteristics between BMI groups, ana-
lysis of variance (ANOVA) for continuous variables and v2 test for cat-
egorical variables were used. Event rates between groups were analysed
by adjusted Cox regression model. Time to event curves for BMI sub-
groups were constructed for outcome variables with the use of adjusted
survival curves. Hazard ratios (HR) and 95% confidence intervals (95%
CI) for each outcome according to BMI group were calculated using the
BMI category 22–<25 kg/m2 as reference in Cox regression models
adjusted (a) for age and sex (minimum adjustment) and (b) for age, sex,
smoking status, previous CV events, duration of DM, waist circumfer-
ence, systolic blood pressure, medication with ACE or ARB, beta-blocker
medication, statin, LDL level, HbA1c level, eGFR, allocation to treatment
arm glargine, and allocation to treatment arm n-3 fatty acid (full adjust-
ment model). Previous CV events were defined according to the
ORIGIN protocol as a history of MI, stroke, or revascularization.14 Heart
failure was an exclusion criterion for the trial. Weight change analyses
were performed using a multivariate adjusted Cox models that included
weight gain and weight loss as time varying variables. A nominal P-value of
0.05 was used to indicate statistical significance.

Results

A total of 12 521 participants with baseline BMI measurements
(mean age 63.5 years, 35% female) were included in this analysis
(99.9% of the total study population). During a median follow-up of
6.2 years (interquartile range 5.8–6.7 years), these individuals suffered
1910 deaths (15.3%) of which 1153 (9.2%) were CV deaths. Clinical
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..characteristics and medications in BMI subgroups are shown in
Table 1. Overweight and obese participants were younger, had a
higher prevalence of hypertension, and a higher blood pressure and
LDL cholesterol than the normal weight participants. Obese partici-
pants also had a lower prevalence of prior CV events than normal
weight participants at the time of randomization. No linear trends
across BMI categories were seen for smoking status, previously
known type 2 DM, or newly diagnosed DM at baseline.

The distribution of BMI within the study population is shown in
Figure 1. The majority of participants were overweight (40.3%) and

mildly obese (28.8%) while only 12.5% had normal weight. Absolute
event numbers for all outcomes and composite endpoints are shown
in Table 2. For total mortality, CV mortality, and for the primary com-
posite endpoint a consistent inverse relation of event rates and BMI
categories was observed with lowest event rates in severely obese
or obese Grade 2 (CV mortality) patients (all P < 0.01).

Time to event curves for total mortality and for CV mortality as
well as for primary composite endpoint are shown in Figure 2A–C.

Hazard ratios for outcomes in BMI subgroups after adjustment for
age and sex and after full adjustment for all available covariables are

BMI

[%
]

Figure 1 Frequency distribution of body mass index in the ORIGIN study population. The body mass index range 22–24.9 kg/m2 is considered as
normal body mass index (square bracket*).

.................. .................... .................... .................... .................... ..................

....................................................................................................................................................................................................................

Table 2 Incidence of events event for all outcomes and composite endpoints in BMI categories in absolute numbers
and percent per BMI subgroup

BMI <22

(n 5 478)

22–24.9

(n 5 1561)

25–29.9

(n 5 5044)

30–34.9

(n 5 3600)

35–39.9

(n 5 1300)

�40

(n 5 538)

Outcomes n % n % n % n % n % n % P-value

All-cause mortality 107 22.4 289 18.5 763 15.1 507 14.1 175 13.5 69 12.8 <0.0001

CV mortality 69 14.4 181 11.6 467 9.3 303 8.4 93 7.2 40 7.4 0.0004

Primary composite endpointa 100 20.9 304 19.5 867 17.2 528 14.7 184 14.2 67 12.5 0.0024

Expanded composite endpointb 129 27.0 463 29.7 1468 29.1 1007 28.0 334 25.7 113 21.0 0.7444

Non-fatal MI 27 5.6 77 4.9 253 5.0 164 4.6 64 4.9 16 3.0 0.5437

Non-fatal Stroke 20 4.2 86 5.5 243 4.8 129 3.6 42 3.2 16 3.0 0.0608

Total MI 30 6.3 84 5.4 283 5.6 176 4.9 71 5.5 17 3.2 0.3661

Total stroke 27 5.6 101 6.5 292 5.8 157 4.4 54 4.2 18 3.3 0.0618

Revascularization 43 9.0 198 12.7 777 15.4 555 15.4 153 11.8 40 7.4 0.0005

HF hospitalization 20 4.2 75 4.8 232 4.6 215 6.0 74 5.7 36 6.7 <0.0001

P-values for differences between BMI groups, adjusted Cox regression model (type 3).
aPrimary composite endpoint: composite of first occurrence of cardiovascular death, non-fatal myocardial infarction, or non-fatal stroke.
bExpanded composite endpoint: composite of first occurrence of these three outcomes or revascularization or heart failure hospitalization.

Body weight and outcome in type 2 DM 2671



Figure 2 Time to event curves for outcomes in body mass index categories of the ORIGIN study population. Unadjusted (left) and multivariate
adjusted (right) models. (A) All-cause mortality, (B) cardiovascular mortality, (C) primary composite endpoint.
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shown in Table 3. Adjusted risk models show that patients with over-
weight and with mild to moderate obesity have a significant lower
risk of all-cause mortality, CV mortality, and for the primary compos-
ite endpoint compared to the reference group (Table 3 and Take
home figure). Outcomes for non-fatal endpoints are shown in

Supplementary material online, Table S1. None of the mortality end-
points or the composite outcomes showed a higher risk in CV out-
comes with higher BMI. In contrast, patients with low body weight
had a higher risk of all-cause mortality and of CV mortality (Table 3).
A sensitivity analysis further subdivided the low BMI subgroup into
tertiles and showed a heterogeneous distribution of outcome across
tertiles. This suggests that the adverse outcomes in this subgroup
were not driven exclusively by a subset of patients with extremely
low BMI (Supplementary material online, Table S2).

Weight change analyses
Weight gain and weight loss (% of body weight) during the first year
of follow-up was assessed in multivariable adjusted models (Table 4).
Weight gain was related to lower mortality (all-cause and CV mortal-
ity) and to better outcome (composite outcomes, stroke, revascula-
rization, or HF hospitalization) in comparison to patients with no
weight gain. In contrast, weight loss was related to higher risk of
death, and to worse outcome compared to patients with no weight
loss.

Sustained weight gain over 2 years with no weight loss during these
2 years was observed in 2863 patients and sustained weight loss over
2 years was observed in 1755 patients. Sustained weight gain did not
relate to a higher risk for any of the assessed outcome variables in
comparison to patients without weight gain. In turn, sustained weight
loss was related to worse outcome for all-cause mortality and for CV
mortality (Table 5) compared to no weight loss. Patients who
remained at stable weight had a better mortality outcome compared
to patients with sustained loss or gain of body weight.

Discussion

The analysis showed that in patients with CV risk factors and with ei-
ther type 2 DM or prediabetes, people who were overweight and
mildly obese had a lower all-cause and CV mortality, as well as a
fewer composite CV outcomes (non-fatal MI, non-fatal stroke, or CV
death) than people whose BMI was 22–25 kg/m2. It also showed
higher mortality and CV outcomes in those patients with BMI below
this threshold.

The relation of body weight and outcome is reported in most ob-
servational studies based on single-time assessment of body weight.
Our study extends the present knowledge as we report on weight
change in relation to outcome in these patients with DM or prediabe-
tes. Weight loss but not weight gain was associated with worse out-
comes compared to those with stable body weight. This is in line
with recent data in patients with coronary artery disease, where fluc-
tuation in body weight was associated with higher mortality and
higher rate of CV events.15

Our findings are in line with previous reports on an inverse rela-
tion of body weight and outcome across a wide range of CV disease
settings9 and in multiple population-based cohort studies.7 This find-
ing was initially termed ‘obesity paradox’ as it is counterintuitive to
the setting of primary prevention where excessive body weight is
clearly established as a risk factor for CV disease. The reproducibility
of these findings and recent pathophysiologic insights that suggest a
benefit of excessive energy stores in the context of disease related

Take home figure Outcome in body mass index categories,
multivariable adjusted Cox regression models (hazard ratio, 95%
confidence intervals), body mass index category 22–24.9 kg/m2 as
reference category. *P < 0.05; **P < 0.01.
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..catabolic conditions led to challenge the terminology of a paradox
(i.e. unexpected and unexplained).16

In patients with DM two meta-analyses including 18 longitudinal
clinical trials and registries17 and 16 cohort studies18 report the low-
est mortality in overweight and mildly obese patients. Registry data
from 10 568 patients with DM and no CV disease10 and data from
the DIAMOND prospective cohort registry in 1192 patients with
DM after acute MI19 showed a lower all-cause mortality in over-
weight patients (BMI > 25 kg/m2) compared to non-obese patients. A
prospective cohort study including 11 449 Chinese adults with DM

showed lowest mortality in obese patients and significantly lower risk
of death in overweight patients compared to patients with normal
weight.20

Cardiovascular death is the most common cause of death in dia-
betic patients and the prevalent CV risk profile in the cohort of the
ORIGIN study may contribute to explain the observed association of
body weight and outcome in these patients. This is supported by a re-
cent report on over 170 000 patients from 14 prospective studies.21

All participants in the ORIGIN trial had a CV comorbidity. In contrast,
in a recent study in patients with incident type 2 DM who were free

................................................ ................................................ ................................................

....................................................................................................................................................................................................................

Table 5 Outcomes for subgroups with 2-year sustained weight gain, weight loss, or stable weight during the first 2
years of the follow-up (HR, 95% confidence intervals)

Sustained weight gain Sustained weight loss Stable weight

Outcomes HR 95% CI P-value HR 95% CI P-value HR 95% CI P-value

All-cause mortality 1.000 0.896–1.115 0.996 1.315 1.182–1.463 <0.0001 0.824 0.751–0.904 <0.0001

CV mortality 1.109 0.968–1.272 0.136 1.175 1.020–1.353 0.025 0.828 0.734–0.933 0.0019

Primary composite endpointa 1.040 0.939–1.152 0.453 1.049 0.942–1.168 0.385 0.940 0.859–1.028 0.172

Secondary composite endpointb 0.983 0.909–1.064 0.676 1.122 1.036–1.216 0.0046 0.933 0.871–0.999 0.0460

Total stroke 1.036 0.864–1.243 0.699 0.918 0.754–1.119 0.397 1.030 0.878–1.208 0.717

Non-fatal stroke 0.983 0.804–1.202 0.868 0.876 0.704–1.090 0.235 1.106 0.928–1.318 0.259

Total MI 0.945 0.787–1.134 0.543 1.005 0.832–1.214 0.958 1.040 0.888–1.217 0.626

Non-fatal MI 0.904 0.745–1.096 0.304 1.014 0.832–1.236 0.892 1.068 0.906–1.260 0.432

Revascularization 0.944 0.845–1.054 0.304 1.195 1.070–1.335 0.0017 0.919 0.834–1.012 0.0858

HF hospitalization 1.024 0.853–1.228 0.801 1.196 0.995–1.437 0.0563 0.865 0.748–1.013 0.0725

Weight gain, weight loss, and stable weight were treated as time varying covariables in multivariable adjusted models (Cox regression model adjusted for age, sex, ever smoker,
previous cardiovascular event, previous diabetes, LDL, HbA1c, eGFR, allocation to glargine, and allocation to omega 3 fatty acid.). HR’s compare the category vs. all subjects
outside the category.
aPrimary composite endpoint: composite of first occurrence of cardiovascular death, non-fatal myocardial infarction, or non-fatal stroke.
bExpanded composite endpoint: composite of first occurrence of these three outcomes or revascularization or heart failure hospitalization.

...................................................................... ......................................................................

....................................................................................................................................................................................................................

Table 4 Outcome analyses for subgroups with weight gain and weight loss (per 5% of body weight change) during the
first year of follow (Cox proportional hazard analyses (HR, 95% confidence intervals)

Weight gain (% body weight) Weight loss (% body weight)

Outcome variables HR 95% CI P-value HR 95% CI P-value

All-cause mortality 0.857 0.827–0.887 <0.0001 1.167 1.127–1.208 <0.0001

CV mortality 0.917 0.874–0.962 0.0004 1.091 1.039–1.144 0.0004

Primary composite endpointa 0.910 0.878–0.944 <0.0001 1.099 1.060–1.140 <0.0001

Secondary composite endpointb 0.898 0.873–0.924 <0.0001 1.113 1.083–1.145 <0.0001

Total stroke 0.897 0.841–0.958 0.0012 1.114 1.044–1.190 0.0012

Non-fatal stroke 0.914 0.850–0.983 0.0160 1.094 1.017–1.176 0.0160

Total MI 0.956 0.897–1.018 0.1588 1.047 0.982–1.115 0.1588

Non-fatal MI 0.935 0.875–0.999 0.0460 1.070 1.001–1.143 0.0460

Revascularization 0.901 0.868–0.936 <0.0001 1.110 1.068–1.152 <0.0001

HF hospitalization 0.859 0.809–0.912 <0.0001 1.164 1.097–1.236 <0.0001

Weight gain and weight loss were treated as time varying covariables in multivariable adjusted models (Cox regression model adjusted for age, sex, ever smoker, previous car-
diovascular event, LDL, HbA1c, eGFR, allocation to glargine, allocation to omega 3 fatty acid, duration of DM, waist circumference, systolic blood pressure, ACE or ARB medi-
cation, beta blocker medication, statin medication. Hip circumference, hypertension, and diastolic blood pressure were not included in the model because of collinearity.). HR’s
compare the category vs. all subjects outside the category.
aPrimary composite endpoint: composite of first occurrence of cardiovascular death, non-fatal myocardial infarction, or non-fatal stroke.
bExpanded composite endpoint: composite of first occurrence of these three outcomes or revascularization or heart failure hospitalization.
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..of CV disease, overweight, and obesity were not associated with
improved outcome.22 In the latter study, self-reported measures
were used to calculate BMI. Notably, a systematic bias in self-
reported weight data has repeatedly been observed leading to over-
estimation of the association of obesity with worse outcome.23 The
present study used measured values instead of self-reported date for
the calculation of BMI thus avoiding the potential bias from self-
reported BMI values.

Notably, in patients with DM a range of body weight at BMI near
30 kg/m2 is the commonly observed average weight distribution.
Hence, lower body weight may per se indicate some underlying
problem associated with illness or metabolic imbalance which may
contribute to explain the observed findings. Cancer related death is
often discussed to account for higher mortality in underweight sub-
ject. In the ORIGIN cohort, however, the proportion of CV death
was higher (64%) in the subgroup of low body weight as in all other
BMI subgroups (Table 2). It was shown previously in the ORIGIN
population that mean BMI was not different between patients with
vs. without cancer (BMI 29.9 ± 4.8 vs. 29.8 ± 5.3 kg/m2, P = 0.68) and
that body weight was not associated with cancer mortality in multi-
variate analysis.24 Cancer mortality is therefore unlikely to account
for the higher mortality rate in patients with low body weight in this
cohort study. We cannot exclude that diseases which were not
recorded in the ORIGIN dataset were more prevalent among
patients with low body weight. However, a range of comorbidities
and clinical variables with known impact on CV outcome were
recorded and were included in our analyses (Table 1). Smoking is a
commonly discussed factor to explain higher mortality among sub-
jects with lower body weight. Smoking status was assessed in the
ORIGIN study, and it was shown that smoking history was lowest in
subjects with low body weight and was highest in patients with over-
weight and mild obesity. The multivariable outcome analyses included
adjustment for smoking status. However, smoking status was self-
reported and a reporting bias cannot be full excluded.

Limitations
Our study is a post hoc analysis of a large clinical trial database and lim-
itations of such analysis apply. Despite multivariate adjustments,
some baseline differences may still be unaccounted for, thus definite
conclusions may only be possible from a prospective randomized
trial on weight management. From the observed associations, no
causal interaction can be concluded. Our study cannot answer the
question of potential benefits from intentional weight reduction as
the ORIGIN study protocol did not include any weight change advice
or any intervention towards weight modification. The randomized
controlled LOOK-AHEAD trial investigated prospectively a compre-
hensive weight reduction program in patients with type 2 DM and a
significant weight reduction was achieved. This intentional weight re-
duction, however, did not translate into improved total or CV sur-
vival of the patients. A post hoc analysis of the LOOK AHEAD Study
has shown that if intentional weight reduction of more than 10%
within 1 year can be achieved than a 20% lower CV disease risk can
be observed (for composite of non-fatal acute MI or stroke, hospital-
ized angina, or CV death HR 0.8, 95% CI 0.65–0.99).25 A smaller
weight reduction was, however, not effective. A lack of survival bene-
fit from intentional weight loss was also reported in a long-term

cohort study of 19 years follow-up in overweight patients with DM.12

The current study may not allow conclusions on more advanced
obesity. A recent report from a retrospective observations study
showed that in more advanced obesity (mean BMI 45.1 kg/m2) weight
reduction by gastrointestinal surgery resulted in improved mortality
and CV event rates.26 This retrospective reports warrants confirm-
ation in randomized clinical trials.

In the ORIGIN study, no intervention on body weight and no
weight change advice were given within the study protocol.
Therefore, the observed weight change in the study is either unin-
tended or may result from individual weight loss attempts of patients
at their own initiative. Other observational studies on weight change
in DM without intentional weight management strategies could not
show a benefit of weight reduction for improved prognosis. An ana-
lysis from the Veterans Health Administration (VHA) including
145 198 patients treated with oral antidiabetic therapy showed that
weight loss of >5% body weight but not weight gain was consistently
associated with higher risk of 5-year mortality.27 We have previously
reported on weight change in patients with DM and CV comorbidity
of the PROactive study.28 In this patient cohort, weight loss was asso-
ciated with higher mortality compared to patients with no weight
loss while weight gain had no negative effect. A nationwide longitu-
dinal study in more than 11 million South Korean subjects showed
that weight loss across all BMI categories was associated with
increased mortality.29

Taken together, interventional and observational studies in
patients with DM and CV comorbidity did repeatedly not show a
benefit for survival from intended weight reduction and suggest a
higher risk associated with unintended weight loss. The widely held
weight management recommendation is to promote weight reduc-
tion in any patient with BMI >25 kg/m2 and irrespective of any CV
comorbidity. Further research is needed to clarify if recommenda-
tions on weight management should differentiate more clearly be-
tween primary prevention and patients with established disease and
advanced CV risk profiles.

The discussion is ongoing that other anthropometric measures
such as waist circumference may yield better signals than BMI to as-
sess CV risk. Combined models have shown that within BMI groups
waist circumference can further subdivide patients for CV risk.30

However, BMI is the most widely used measure with well-defined
categories and is strongly implemented in body weight management
in both the medical and public domain. Therefore, the data on BMI in
this representative patient population may be helpful to inform on
individualized weight management.

Conclusions

Our investigation showed that in patients with type 2 DM and preva-
lent CV risk profile overweight and mild obesity are associated with
lower all-cause mortality and CV mortality compared to patients
with normal body weight (BMI 22–<25 kg/m2). In turn, patients with
low body weight have a higher mortality. Weight loss was related to
higher all-cause and CV mortality compared to no weight loss while
weight gain was not. These findings are in contrast to conventional
considerations on body weight in primary prevention.

2676 W. Doehner et al.
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