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Aims/Hypothesis: There is controversy on whether an obesity paradox exists in type 2

diabetes, ie, that mortality is lowest in overweight or obesity. We examined the role of

potential biases in the obesity paradox.

Methods: From two regional population-based German cohort studies – the Heinz Nixdorf

Recall Study and the Study of Health in Pomerania (baseline examinations 2000–2003/1997–

2001) – 1187 persons with diabetes at baseline were included (mean age 62.6 years, 60.9%

males). Diabetes was ascertained by self-report of physician’s diagnosis, antidiabetic med-

ication, fasting/random glucose or haemoglobin A1c. Mortality data were assessed for up to

17.7 years. We used restricted cubic splines and Cox regression models to assess associations

between body mass index (BMI) and mortality. Sensitivity analyses addressed, inter alia,

exclusion of early death cases, of persons with cancer, kidney disease or with history of

cardiovascular diseases, and of ever smokers. Furthermore, we examined the role of treat-

ment bias and collider bias for the obesity paradox.

Results: In spline models, mortality risk was lowest for BMI at about 31 kg/m2. Sensitivity

analyses carried out one after another had hardly any impact on this result. In our cohort,

persons with diabetes and BMI ≥30 kg/m2 did not have better treatment than non-obese

patients, and we found that collider bias played only a minor role in the obesity paradox.

Conclusion: In a cohort of 1187 persons with diabetes, mortality risk was lowest in persons

with moderate obesity. We cannot explain this result by a variety of sensitivity analyses.

Keywords: collider bias, diabetes, mortality, obesity paradox, overweight

Introduction
There is still controversy on the obesity paradox, which means that mortality is lowest

in overweight or obese persons. In a meta-analysis of 97 prospective studies with

2.9 million participants, Flegal et al found that in the general population all-cause

mortality was lowest in overweight and class I obesity (HR=0.94, 95%CI: 0.91–0.96;

and HR=0.95, 95% CI: 0.88–1.01, compared to normal weight), whereas mortality

was increased in obesity class II and III (HR=1.29, 95% CI: 1.18–1.41).1 However,

other authors claimed that the obesity paradox was due to methodical limitations like

residual confounding due to smoking.2,3 In a meta-analysis of 239 prospective studies

with individual data of almost four million never-smokers without chronic diseases at

recruitment, all-cause mortality was lowest in 20.0 to 25.0 kg/m2.2
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The same controversy has come up on the question

whether there is an obesity paradox in persons with

diabetes.4 In recent large meta-analyses on persons with

diabetes, U-shaped associations between body mass index

(BMI) and all-cause mortality were reported with nadirs in

the range of overweight or mild obesity.5–7 From 24 cohort

studies, Zaccardi et al found that the optimal BMI (kg/m2)

was 31–35 in men, and 28–31 in women, and from 16

cohort studies, Chang et al observed that hazard ratios

were lowest for overweight and class I obesity (HR=0.86

(95% CI: 0.78 to 0.96), and HR=0.88 (95% CI: 0.78 to

1.00), respectively, compared to BMI 18.5–24.9).5,6 In

a recent study using data of the UK Biobank, the obesity

paradox was reported to be even stronger in persons with

than in persons without diabetes.8 In the Korean

KOMERIT study, the optimal BMI depended on the state

of glycemia, and the poorer the state of glycemia was, the

larger the optimal BMI (kg/m2) was (23.5–27.9 in normo-

glycemia, 25–27.9 in impaired fasting glucose, 26.5–29.4

in prevalent diabetes).9

In many studies on patients with diabetes, a U-shaped

associations between BMI and mortality was found, and

mortality was lowest for overweight or obesity.10–15 In

other studies, different results were found: inverse associa-

tions (mortality decreases with increasing BMI),16–18 or

a linear increase (mortality increases with rising BMI).19

In a study of incident diabetes, Tobias et al reported

a U-shaped association with the lowest mortality for

22.5–24.9 kg/m2,20 and in a subsequent paper, Tobias and

Manson stated that

the obesity paradox is likely an artefact of biases, and once

these are accounted for, it is evident that compared with

normal body weight, excess body weight is associated

with a greater mortality risk.21

Other authors assume that BMI is not an appropriate

anthropometric measure to assess whether the obesity

paradox is real.22,23

This brought us to estimate hazard ratios for the asso-

ciation between BMI and waist circumference (WC),

respectively, and all-cause mortality, and to rigorously

carry out several sensitivity analyses accounting for poten-

tial biases as suggested by Tobias et al and Standl et al.21,24

These biases refer to coexisting comorbidities and early

death from comorbidities, overadjustment for mediators

like hypertension, lack of adjustment for diabetes duration,

unintentional weight loss, residual confounding due to

smoking, and better treatment of diabetes patients with

obesity. Moreover, some epidemiologists state that the

obesity paradox can be explained away by collider bias,

which results from conditioning on prevalent diabetes.16,25

Our aim is to use data from two German cohort studies

(the population based Heinz-Nixdorf Recall (HNR) Study

and the population based Study of Health in Pomerania

(SHIP)) to address the aforementioned potential biases.

Methods
Study Population
The prospective population-based HNR cohort study was

carried out in three large German cities (Mülheim, Essen,

Bochum) in the Ruhr district. Details of the aims and the

design of the study have been published earlier.26

Participants were invited to the study center for the first

time between 2000 and 2003 (T0), and 4814 persons in the

age range between 45 to 75 years (49.8% males) partici-

pated in the baseline examinations. The next visits to the

study center took place between 2005 and 2008 (T1), and

between 2011 and 2015 (T2), respectively. The median

time between T0 and T1 was 5.1 years, and 5.2 years

between T1 and T2. During the examinations in the

study center, participants filled in questionnaires, took

part in face-to-face interviews and underwent physical

examinations including extensive laboratory tests. Seven

hundred and thirty-three persons with diabetes at baseline

were included in the present study (cf. flow-chart,

Figure 1).

SHIP is a population-based cohort study sampled in

West Pomerania, a rural area in the Northeast of Germany.

Details of the aims and design of SHIP have been

described earlier.27,28 Baseline visits to the study center

took place between 1997 and 2001 (SHIP-0). 4308 sub-

jects (69% of all eligible persons) took part in the baseline

examinations. After 5, 11 and 17 years participants were

invited again to the study center for further examinations

(SHIP-1, SHIP-2, SHIP-3). Examinations included medi-

cal and oral health examinations, computer-assisted inter-

views and self-administered questionnaires. Four hundred

and fifty-four persons with diabetes at baseline were

included in the present study (cf. flow-chart, Figure 1).

26 persons (5.7%) were younger than 45 years.

Both studies were approved by the responsive ethics

committees at the Medical Faculties of the University

Clinic Essen and of the University of Greifswald, respec-

tively. All participants in the studies provided written

informed consent.
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The pooled data for the present analyses included

1187 persons with diabetes and with BMI > 18.5 kg/m2.

Persons with type-1 diabetes were still included, but

excluded in later sensitivity analyses.

Assessment of Diabetes
In both cohorts, participants were diagnosed with diabetes if

one of the following conditions were fulfilled: (1) partici-

pants reported that a physician had told them that they had

diabetes; (2) participants took antidiabetic drugs (Anatomical

Therapeutic Chemical (ATC) Code A10); (3) participants

had an overnight fast of ≥ 8 hours and a glucose concentra-

tion of > 125 mg/dl, or participants without an overnight fast

had a glucose concentration ≥ 200 mg/dl; (4) haemoglobin

(Hb)A1c was ≥ 6.5%. Diabetes was considered as previously

known if condition (1) or (2) was fulfilled.

Assessment of Anthropometric Measures
For the HNR Study and for SHIP, details of the measure-

ment of weight and waist circumference have been given

elsewhere.29,30 BMI was calculated as (weight [kg])/(height

[m]2). Fat-free mass (FFM) was estimated using a formula

by Kuch et al which had been validated in SHIP: FFM=5.1

x (height [m]1.14) x (weight [kg]0.41) for men, FFM=5.34

x (height [m]1.47) x (weight [kg]0.33) for women.31,32 Fat

mass (kg) was calculated as body weighted minus FFM.

Assessment of Vital Status
In the HNR study, all death certificates of the participating

cities were checked regularly. For the present study, mortality

data were assessed until September 30, 2018. Person time

was calculated for all study participants from the date of the

first visit to the study centre. In SHIP, mortality data were

collected annually from population registries.

For assessment of covariates and development of the

diabetes genetic risk score in the HNR Study cf.

Supplementary Material.

Statistical Analyses
Baseline characteristics (proportions (%), means (standard

deviations (SD))) were calculated separately for the two

cohorts and for categories of BMI.

We used Cox proportional hazards models to estimate

hazard ratios (HR) with 95% confidence intervals (CI) for

mortality across categories of BMI. We added interaction

terms of the exposure variable and survival time to the

model to check whether the proportional hazards assumption

wasmet (alpha level = 0.1). In themain analyses, we adjusted

for age, sex, educational years (total years of formal educa-

tion and vocational training), living together with a partner,

physical activity, smoking, hypertension, history of myocar-

dial infarction or stroke at baseline, cancer not in full remis-

sion at baseline, and study center. The following categories of

BMI (kg/m2) were used as exposure variables: 18.5 - < 25.0,

25.0 - < 30.0, 30.0 - < 35.0, ≥ 35.0. Associations between

BMI and mortality were also assessed using restricted cubic

splines, with 3 knots defined at the 10th, the 50th, and the

90th percentile of BMI.

Starting from the main analyses, the following sensitivity

analyses were done: Sensitivity analysis 1: exclusion of

1187 persons in 

pooled data set

4814 

at baseline (HNR Study)

752 

with diabetes at baseline

4062 without 

diabetes at baseline

733 selected for data 

analysis set

19 with missings for 

variables of the 

adjustment set

4308 

at baseline (SHIP)

3835 without 

diabetes at baseline

473 

with diabetes at baseline

454 selected for data 

analysis set

1 with BMI < 18.5, 

18 with missings for 

variables of the 

adjustment set

Figure 1 Flow-chart of persons entering the data analysis set.
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persons with diagnosis of diabetes before the age of

30. Sensitivity analysis 2: adjustment for diabetes duration.

Sensitivity analysis 3: no adjustment for hypertension.

Sensitivity analysis 4: exclusion of death cases during the

first two years of follow-up. Sensitivity analysis 5: exclusion

of participants with cancer not in full remission/history of

stroke or myocardial infarction/chronic kidney disease.

Participants with heart failure were only excluded for partici-

pants of the Recall Study, because heart failure was not

assessed in SHIP. Sensitivity analysis 6: exclusion of ever

smokers.

To look for treatment bias, characteristics of diabetes

treatment (age at diagnosis, diabetes duration, diabetes

therapy, HbA1c, lipids) in persons with previously

known diabetes were assessed separately for categories

of BMI (≥ 30 versus < 30; ≥ 27.5 versus < 27.5).

To look for collider bias, we calculated proportions (%)

and means (± SD), respectively, of risk factors for type 2

diabetes by BMI category (< 27.5 versus ≥ 27.5) sepa-

rately for the whole HNR population and for persons with

type 2 diabetes in the HNR Study. Fitting a log-linear

model with a Poisson working likelihood and robust stan-

dard errors, we estimated prevalence ratios with 95%

confidence intervals to compare the prevalence of

a given diabetes risk factor in persons with lower BMI

(< 27.5) to the prevalence of this risk factor in persons

with higher BMI (≥ 27.5).

Four additional analyses were done:

With HNR data, the date of T1 was used as baseline, and

BMI measured about 5 years earlier at T0 was used as the

exposure variable. Fat-free mass was added to the models

mentioned above to assess whether this potentially mediating

variable has an impact on the strength of the BMI mortality

association. We used WC (cm) instead of BMI as exposure

variable with the following categories proposed by

Leitzmann et al:33 < 94, 94 - < 102, 102 - < 118, ≥ 118 for

men, < 80, 80 - < 88, 88 - < 96, ≥ 96 for women. These

categories include cut-points of 80 and 88 cm for women, and

94 and 102 cm for men, respectively, used by the WHO to

define increased and substantially increased obesity.34

Furthermore, we additionally adjusted for WC in the main

analysis.

All statistical analyses were performed using SAS ver-

sion 9.4.

Results
In the pooled cohorts of diabetes patients, 45.5% of the

participants were obese, 41.4% were overweight, and

13.1% had normal weight. The prevalence of previously

known diabetes was around 60% in all four BMI cate-

gories, and with 56 mmol/mol (7.3%), HbA1c was highest

in BMI ≥ 35 kg/m2 (Table 1). Furthermore, in BMI ≥
35 kg/m2, the prevalence of hypertension was higher, and

the lipid concentrations were less favourable than in

patients with lower BMI. In SHIP, diabetes control was

poorer than in the HNR cohort (HbA1c 55 mmol/mol

(7.2%) versus 50 mmol/mol (6.7%)), SHIP participants

had higher values of blood pressure and, moreover, SHIP

participants had three years of education less than HNR

participants (Supplementary Table 1). In the pooled data

set, person times ranged from 0.05 to 17.75 years.

With covariable adjustment of the main analysis, the

restricted cubic spline regression shows a U-shaped asso-

ciation between BMI and mortality with the lowest mor-

tality risk at around 30–32 kg/m2 (Figure 2A). When the

sensitivity analyses 1–5 were done, the shape of the curve

hardly changed (Figure 2B).

In the main analysis with all participants of both cohorts

combined, all-cause mortality was highest for BMI < 25

(HR=1.22 (95% CI: 0.90–1.66)) and BMI ≥ 35 (HR=1.22

(0.91–1.63)), and lowest for the reference category (BMI 30

- < 35) (Table 2). The sensitivity analyses 1–5 hardly changed

this pattern. Confining the analysis to never smokers, the

mortality risk for BMI ≥ 35 increased (HR=1.89 (1.08–3.32)).

Additional adjustment for fat-freemass had little impact on the

hazard ratios (eg, HR=1.10 (0.79–1.54) for BMI < 25,

HR=0.99 (0.78–1.26) for BMI 25 - <30, and HR=1.28 (0.95–-

1.73) for BMI ≥ 35 in the main analysis). Likewise, additional

adjustment for waist circumference had only little influence on

the hazard ratios (eg, HR=1.30 (0.86–1.95) for BMI < 25,

HR=1.07 (0.82–1.40) for BMI 25 - <30, and HR=1.17 (0.84–-

1.63) for BMI ≥ 35 in the main analysis).

When the main analysis was done separately for 710

(59.8%) persons with previously known and 477 (40.2%)

persons with newly detected diabetes, results were unchanged.

For previously known diabetes, the adjusted hazard ratios

were 1.27 (95% CI: 0.88–1.83), 0.94 (0.71–1.25), 1 (refer-

ence), and 1.09 (0.76–1.56) for BMI 18.5 -<25, 25- <30,

30-<35, and ≥ 35, respectively. For persons with newly

detected diabetes, the corresponding HRs were 1.16 (0.65–-

2.05), 1.17 (0.78–1.76), 1 (reference), and 1.41 (0.84–2.35).

The U-shaped pattern was even more pronounced

when the analyses were replicated with participants from

the HNR study who had diabetes at T1: HR was 1.92

(1.17–3.14) for BMI < 25, and HR was 1.65 (1.07–2.55)

for BMI ≥ 35 (Table 3). When this analysis was repeated
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with BMI measured at T0 instead of BMI measured at T1,

the U-shaped association persisted (HR=1.65 (0.96–2.84)

for BMI < 25, and HR=2.10 (1.35–3.28) for BMI ≥ 35).

After carrying out the first five sensitivity analyses with

BMI measured at T0 and participants with diabetes at T1,

the results hardly changed; for BMI ≥ 35, the mortality

risk was even stronger (HR=2.39 (1.39–4.12)).

Obese persons (BMI ≥ 30 kg/m2) with previously

known diabetes did not differ from non-obese persons

(BMI < 30 kg/m2) with regard to age at diagnosis of

diabetes (53.1 versus 53.7 years) (Supplementary Table 2).

In addition, the proportion of participants with previously

known diabetes was about the same in both BMI categories

(58.7 versus 60.7%); the same is true for the proportion of

persons receiving diabetes therapy with pills and/or insulin

(81.4 versus 82.9%). However, diabetes control as measured

by HbA1c was worse in obese persons (7.3 versus 7.0%).

Results were similar when 27.5 kg/m2 was used as BMI

cut-off.

Fromprevalences of diabetes risk factors inBMI< 27.5 kg/

m2 and in BMI ≥ 27.5 kg/m2, prevalence ratioswere calculated

with BMI ≥ 27.5 kg/m2 as reference category. For all risk

factors of diabetes, these prevalence ratios were larger in

persons with diabetes than in the whole study population

(Table 4). In persons with diabetes, the number of diabetes

risk alleles was slightly larger in BMI < 27.5 kg/m2 as com-

pared with BMI ≥ 27.5 kg/m2 (difference in number of risk

alleles = 1.0, 95%CI: 0.1 to 2.0). In the whole study group, the

corresponding difference was 0.3 (95% CI: −0.1 to 0.6).
With WC as anthropometric measure instead of BMI,

an increased mortality was observed in none of the three

higher WC categories (≥ 94cm in men, ≥ 80 cm in

women) in the main and in the sensitivity analyses 1–5

(Supplementary Table 3).

Table 1 Baseline Characteristics of Participants with Diabetes Mellitus by Category of BMI: Pooled Data of the Heinz Nixdorf Recall

Study and SHIP

BMI ≥ 18.5, < 25 kg/m2 BMI ≥ 25, < 30 kg/m2 BMI ≥ 30, < 35 kg/m2 BMI ≥ 35 kg/m2

N 155 492 347 193

Age (years) 62.8 ± 11.4 63.2 ± 9.2 62.2 ± 8.6 61.5 ± 8.5

Sex (males (%)) 47.7 70.5 61.1 46.6

Years of education (ISCED) 12.8 ± 3.3 12.7 ± 2.9 12.6 ± 3.2 12.0 ± 3.2

Living with a partner (%) 70.3 80.9 74.9 72.5

BMI (kg/m2) 23.2 ± 1.4 27.7 ± 1.4 32.2 ± 1.5 38.9 ± 3.9

HbA1c (mmol/mol) 51 ± 16 51 ± 15 52 ± 14 56 ± 17

HbA1c (%) 6.8 ± 1.5 6.8 ± 1.4 6.9 ± 1.3 7.3 ± 1.6

Diabetes duration (years) 7.6 ± 10.4 5.9 ± 8.7 5.4 ± 8.6 5.3 ± 8.4

Known diabetes (%) 61.3 60.6 56.8 62.2

Systolic blood pressure (mm Hg) 138.4 ± 23.7 146.1 ± 21.2 144.7 ± 21.4 143.6 ± 22.0

Diastolic blood pressure (mm Hg) 79.0 ± 9.7 83.9 ± 12.0 84.2 ± 11.7 83.6 ± 11.1

Hypertension (%) 60.7 79.9 85.6 90.7

LDL cholesterol (mg/dl) 137.5 ± 39.0 139.9 ± 41.0 139.9 ± 37.4 145.4 ± 39.6

HDL cholesterol (mg/dl) 58.2 ± 18.6 49.7 ± 15.0 48.2 ± 14.0 46.4 ± 12.2

Triglycerides (mg/dl) 128 (89; 189) 163 (111; 243) 177 (125; 243) 186 (142; 261)

Smoking (%) Current 28.4 20.9 17.9 15.5

Former 27.1 46.8 47.0 37.3

Never 44.5 32.3 35.2 47.2

Physically active (yes) (%) 25.8 25.6 23.3 23.3

Estimated fat mass (% 26.6 ± 5.3 32.4 ± 5.0 39.1 ± 4.9 46.4 ± 12.2

Cancer (%)a 0 1.0 0.6 1.0

History of stroke (%) 5.8 4.7 4.9 3.6

History of myocardial infarction (%) 5.8 6.1 11.2 10.4

Follow-up time (years) 12.3 ± 4.8b 12.6 ± 4.5c 12.9 ± 4.4d 13.1 ± 3.7e

Notes: Values are expressed as mean ± standard deviation, median (first quartile, third quartile), or proportion (%). aUnder treatment in the last 12 months (SHIP) OR

cancer not in full remission (HNR Study). bRange 0.1–17.7; cRange 0.2–17.7; dRange 0.4–17.7; eRange 1.6–17.7.

Abbreviation: ISCED, International Standard Classification of Education.
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Discussion
In our main analyses of participants with diabetes, we

confirmed the U-shaped association between BMI and

mortality with lowest mortality at moderate obesity. We

did several sensitivity analyses to address potential biases

which were discussed by some authors as potential reasons

why no excess mortality was observed in overweight or

obese persons with diabetes. All these sensitivity analyses

led to virtually unchanged results.

The Role of Reverse Causation, Smoking

and Overadjustment
Reverse causation bias is one of the main arguments brought

forward against the obesity paradox.21,24 Prevalent major

comorbidity at baseline may lead to unintentional weight

loss, and thus be a confounding condition for the association

between BMI and all-cause mortality. We addressed this

potential bias in three ways. Excluding persons with history

of myocardial infarction or stroke or with cancer not in full

remission or with kidney diseases, and additional exclusion of

death cases during the first two years of follow-up had hardly

any impact on the effect estimates of mortality rate. In an

additional analysis, we used BMI measured about five years

prior to the date from which person-time was calculated, but

again results hardly differed from the main analyses.

Smoking is a strong confounder of the association between

BMI and mortality, and residual confounding may be a strong

reason for the occurrence of bias. Therefore, adjusting for

smoking and restricting the analyses to non-smokers may not

lead to equivalent results. Using data of the US Biobank,

Jenkins et al observed an obesity paradox in participants

with type 2 diabetes.35 This U-shaped relationship with lowest

mortality in class I obesity was modified by smoking status: It

was strongest in current smokers, and less pronounced, but

still present in never smokers. In the present study, the mor-

tality risk increased in the strongly obese (HR=1.89, 95% CI:

1.08 to 3.32 for BMI ≥ 35 versus BMI 30 - < 35) after

exclusion of ever smokers but this result needs confirmation

in a larger subpopulation of never-smokers.

Tobias and Manson suggested that inappropriate

adjustment for potential mediators like hypertension, cho-

lesterol levels and severity of diabetes may to lead to

underestimates of mortality in the obese.21 Our final mod-

els included none of these potential mediators but still

results remained virtually the same.

Appropriateness of BMI as Measure of

Obesity
BMI poorly reflects fat mass and fat distribution whereas

waist circumference mirrors the amount of abdominal

fat.22,23 In 5435 participants of the EPIC study with
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Figure 2 Hazard ratios (95% CI) for all-cause mortality associated with BMI in persons with diabetes at baseline: Pooled data of the Heinz Nixdorf Recall Study and SHIP.

(A) Main analysis with adjustment for age, sex, educational years, living together with a partner, physical activity, hypertension, smoking (never, ever, current), cardiovascular

disease (coronary heart disease, stroke) at baseline, cancer at baseline, study center (N=1187). (B) Hazards ratios after sensitivity analyses 1–5 (cf. methods section).
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diabetes, measures of abdominal obesity showed stronger

associations with mortality than BMI.36 However, when

WC categories were used instead of BMI categories,

hazard ratios only slightly deviated from the null in the

main analysis and in the sensitivity analyses 1–5 (refer-

ence: WC < 94cm (males), < 80cm (females)). Only after

Table 2 Hazard Ratios of All-Cause Mortality by BMI Category in Persons with Diabetes at Baseline: Pooled Data of the Heinz

Nixdorf Recall Study and SHIP

N Deaths Person Years Mortality Rate

(per 1000 py)

HR Crude (95% CI) HR Adjusted (95% CI)

All (N=1187)

BMI 18.5–< 25 155 67 (43.3%) 1912 35.0 1.32 (0.98–1.78) 1.22a (0.90–1.66)

BMI 25–< 30 492 190 (38.6%) 6197 30.7 1.15 (0.91–1.44) 1.04a (0.82–1.31)

BMI 30–< 35 347 120 (34.6%) 4484 26.8 1 1

BMI ≥ 35 193 74 (38.3%) 2537 29.2 1.09 (0.81–1.45) 1.22a (0.91–1.63)

In addition: Exclusion of diagnosis of diabetes before the age of 30 (N=1157)

BMI 18.5–< 25 146 63 (43.2%) 1806 34.9 1.30 (0.95–1.76) 1.18 (0.86–1.61)

BMI 25– < 30 481 188 (39.1%) 6045 31.1 1.15 (0.92–1.45) 1.04 (0.82–1.31)

BMI 30– < 35 341 119 (34.9%) 4394 27.1 1 1

BMI ≥ 35 189 73 (38.6%) 2481 29.4 1.08 (0.81–1.45) 1.22 (0.91–1.63)

In addition: Adjustment for diabetes duration (N=1143)

BMI 18.5–< 25 145 63 1791 35.2 1.32 (0.97–1.80) 1.16 (0.84–1.59)

BMI 25–< 30 477 187 5993 31.2 1.17 (0.93–1.48) 1.03 (0.81–1.30)

BMI 30–< 35 334 115 4304 26.7 1 1

BMI ≥ 35 187 73 2450 29.8 1.11 (0.83–1.49) 1.24 (0.92–1.67)

In addition: No adjustment for hypertension (N=1143)

BMI 18.5–< 25 145 63 1791 35.2 1.32 (0.97–1.80) 1.14 (0.83–1.56)

BMI 25– < 30 477 187 5993 31.2 1.17 (0.93–1.48) 1.02 (0.81–1.30)

BMI 30– < 35 334 115 4304 26.7 1 1

BMI ≥ 35 187 73 2450 29.8 1.11 (0.83–1.49) 1.26 (0.94–1.70)

In addition: Exclusion of death cases during the first two years of follow-up (N=1112)

BMI 18.5– < 25 138 56 (40.6%) 1785 31.4 1.27 (0.92–1.75) 1.08 (0.78–1.50)

BMI 25–< 30 462 172 (37.2%) 5879 28.8 1.16 (0.91–1.48) 1.01 (0.79–1.30)

BMI 30–< 35 326 107 (32.8%) 4294 24.9 1 1

BMI ≥ 35 186 72 (38.7%) 2448 29.4 1.18 (0.87–1.59) 1.34 (0.99–1.80)

In addition: Exclusion of participants with known cancer/CVD/kidney disease (N=867)

BMI 18.5–< 25 114 42 (36.8%) 1527 27.5 1.27 (0.87–1.87) 1.04 (0.70–1.54)

BMI 25–< 30 371 125 (33.7%) 4882 25.6 1.19 (0.89–1.59) 1.01 (0.75–1.36)

BMI 30–< 35 242 70 (28.9%) 3233 21.7 1 1

BMI ≥ 35 140 52 (37.1%) 1858 28.0 1.29 (0.90–1.85) 1.51 (1.05–2.16)

In addition: Exclusion of ever smokers (N=333)

BMI 18.5–< 25 53 19 (35.9%) 685 27.7 1.56 (0.84–2.88) 1.05 (0.56–1.98)

BMI 25–< 30 123 33 (26.8%) 1653 20.0 1.11 (0.65–1.91) 0.90 (0.52–1.57)

BMI 30–< 35 88 22 (25.0%) 1224 18.0 1 1

BMI ≥ 35 69 28 (40.6%) 906 30.9 1.73 (0.99–3.03) 1.89 (1.08–3.32)

Notes: aAdjusted for age, sex, education, living together with a partner, physical activity, hypertension, smoking, history of myocardial infarction or stroke, cancer not in full

remission, study center.

Abbreviations: HR, hazard ratio; CI, confidence interval; CVD, cardiovascular disease.
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exclusion of never smokers, there was an indication that

hazard ratios became higher with increasing WC.

However, due to the small number of never smokers,

confidence intervals were wide, and further studies with

a larger sample of never smokers are warranted.

Other authors recommend measurement of body com-

position: Murphy et al also found that in patients with type

2 diabetes, mortality risk was largest in normal weight

(HR=1.72 (1.12 to 2.64) for comparison of BMI

18.4–24.9 versus 25.0–29.9), but this effect was strongly

attenuated when the authors included thigh muscle size

into the model (HR=1.36 (0.87 to 2.11)).37 Thus, if indi-

viduals with high BMI have not only elevated fat mass,

but also elevated lean mass, the latter may explain the

reduction in mortality; high BMI is less protective when

muscle mass is low.22,37 However, adding estimated FFM

as a potential mediator to our regression models led to

only slight changes of HRs.

For analyses of associations between adiposity and

death in the general population, Pischon et al suggested

that measures of both general and abdominal adiposity

should be included.38 When WC was additionally adjusted

for in the main analysis, the hazard ratio was still lowest

for BMI 25.0–29.9. Therefore, the obesity paradox was not

due to lack of adjustment for measures of abdominal

obesity in our study.

Treatment Bias
Several authors assumed that lower mortality in obesity

may result from a better treatment of obese persons with

diabetes.24 However, our data did not provide evidence that

overweight or obese persons are given privileged medical

care. In our pooled cohort, diabetes was not diagnosed ear-

lier in the obese, the proportion of unknown diabetes was

about the same in obese and non-obese, and, moreover, the

proportion of persons receiving diabetes therapy was simi-

lar in obese and non-obese. In addition, at baseline, persons

with BMI ≥ 30.0 kg/m2 exhibited higher HbA1c values, less

favourable levels of lipids and higher values of blood pres-

sure than persons with BMI < 30.0 kg/m2.

Collider Bias
Lajous et al found an obesity paradox in women with

diabetes, but not in women without diabetes, and they

concluded that the paradox in persons with diabetes can

be “explained away” by the collider bias.16 In our study,

Table 3 Hazard Ratios of All-Cause Mortality by BMI Category in Persons with Diabetes at T1: The Heinz Nixdorf Recall Studya

N Deaths Person Years Mortality Rate

(per 1000 py)

HR Crude (95% CI) HR Adjusted (95% CI)

All (N=777): BMI taken from T1

BMI 18.5 - < 25 101 27 (26.7%) 963 28.0 1.62 (1.00–2.62) 1.92b (1.17–3.14)

BMI 25 - < 30 298 64 (21.5%) 2964 21.6 1.24 (0.85–1.83) 1.14b (0.77–1.68)

BMI 30 - < 35 243 43 (17.7%) 2476 17.4 1 1

BMI ≥ 35 135 42 (31.1%) 1273 33.0 1.90 (1.24–2.90) 1.65b (1.07–2.55)

All (N=777): BMI taken from T0

BMI 18.5 - < 25 92 20 (21.7%) 922 21.7 1.37 (0.80–2.33) 1.65b (0.96–2.84)

BMI 25 - < 30 315 75 (23.8%) 3051 24.6 1.55 (1.06–2.27) 1.43b (0.97–2.11)

BMI 30 - < 35 250 41 (16.4%) 2581 15.9 1 1

BMI ≥ 35 120 40 (33.3%) 1122 35.6 2.24 (1.45–3.46) 2.10b (1.35–3.28)

BMI taken from T0 Exclusion of diagnosis of diabetes before the age of 30, adjustment for diabetes duration, no adjustment for

hypertension, exclusion of death cases during the first two years of follow-up, exclusion of persons with history of stroke or

myocardial infarction/with cancer under treatment (N=646)

BMI 18.5 - < 25 76 12 (15.8%) 793 15.1 1.30 (0.66–2.57) 1.41 (0.70–2.84)

BMI 25 - < 30 251 42 (16.7%) 2593 16.2 1.40 (0.86–2.27) 1.29 (0.79–2.11)

BMI 30 - < 35 218 27 (12.4%) 2315 11.7 1 1

BMI ≥ 35 101 28 (27.7%) 1002 27.9 2.43 (1.43–4.13) 2.39 (1.39–4.12)

Notes: aIn the analyses presented in this table the second visit to the study center (T1, between 2005 and 2008) was chosen as baseline. In one analysis, BMI measured at T1

was used, in the other BMI measured five years earlier (at T0, between 2000 and 2003) was used. bAdjusted for age, sex, education, living together with a partner, physical

activity, hypertension, smoking, history of myocardial infarction or stroke, cancer not in full remission.

Abbreviations: HR, hazard ratio; CI, confidence interval.
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restricting the analyses to persons with diabetes may cause

a collider bias because non-obese persons who developed

diabetes are likely to exhibit more often risk factors for

diabetes other than obesity. Thus, in a population of per-

sons with diabetes, non-obese persons are more likely to

smoke, and to have more risk alleles for diabetes than

obese persons, and, thus, may have an increased mortality

risk. Such an inverse association is an artefact and occurs

only upon conditioning on diabetes but not in the whole

population.

In our study, collider bias was present. For the whole

population, we calculated prevalence ratios for low educa-

tion, smoking, and hypertension comparing BMI < 27.5 to

BMI ≥ 27.5. According to the idea of the collider bias,

these prevalence ratios were slightly larger when calcu-

lated for the subgroup with diabetes. Eg, in persons with

diabetes, the prevalence of smoking was 1.52 times larger

in BMI < 27.5 than in BMI ≥ 27.5, but in the whole

population, the prevalence of smoking was only 1.35

times larger in BMI < 27.5 than in BMI ≥ 27.5.

However, this does not mean that the lack of an increased

mortality in the obese is due to the collider bias: the excess

prevalence of these risk factors in the non-obese persons

with diabetes was small, and, moreover, except for dia-

betes risk alleles, we adjusted for all these risk factors

other than obesity in our multivariable models. Among

persons with diabetes, the mean number of diabetes risk

alleles was 80.6 for BMI < 27.5, and 79.6 for BMI ≥ 27.5.

This tiny difference is unlikely to cause the lack of excess

mortality in persons with larger BMI.

Comparison with Other Studies
In few other studies with diabetes populations, careful

sensitivity analyses had also been carried out. Tobias

et al found a U-shaped association between BMI and

mortality with an optimum in normal BMI.20 After exclu-

sion of ever smokers, the shape of the curve and the

position of the nadir remained unchanged, but hazard

ratios for overweight and obese persons were slightly

larger. Dhalwani et al reported a strong obesity paradox

in persons with diabetes, and results were almost the same

after excluding persons with cardiovascular or cancer dis-

ease at baseline, and after excluding persons who died

within the first two years after baseline.8

Limitations and Strengths
Our study has several limitations. First, the oral glucose

tolerance test was not done in the two cohort studies, and

thus, some persons with diabetes might have been missed

in our analyses. Second, we only addressed all-cause mor-

tality but not cardiovascular or cancer mortality. Third, the

number of never smokers was small so that our estimates

of mortality in never smokers with diabetes were rather

imprecise. Fourth, we did not have data on BMI in earlier

lifetime so that we could not compare persons with late-

onset obesity to persons with early-onset obesity. Fifth,

Table 4 Distribution of Risk Factors for Type 2 Diabetes by BMI Category Separately for the Whole Study Group and for Persons

with Type 2 Diabetes: The Heinz Nixdorf Recall Study

Whole Study Group Persons with Type 2 Diabetes

BMI < 27.5 BMI ≥ 27.5 (Ref) PR (95% CI) BMI < 27.5 BMI ≥ 27.5 (Ref) PR (95% CI)

N 2459 2326 214 502

Educational years ≤ 13 1571 (64.0%) 1631 (70.4%) 0.90a,e (0.87–0.94) 144 (67.3%) 340 (67.7%) 0.99a (0.89–1.10)

Educational years > 13 (ref) 885 (36.0%) 687 (29.6%) 70 (32.7%) 162 (32.3%)

Smoking (yes) 672 (27.3%) 449 (19.4%) 1.35b (1.22–1.50) 61 (28.5%) 95 (18.9%) 1.52b (1.16–1.99)

Smoking (no) (ref) 1787 (72.7%) 1872 (80.7%) 153 (71.5%) 407 (81.1%)

Hypertension (yes) 1109 (45.1%) 1564 (67.4%) 0.72b (0.69–0.76) 143 (66.8%) 419 (83.5%) 0.80b (0.73–0.89)

Hypertension (no) (ref) 1347 (54.9%) 755 (32.6%) 71 (33.2%) 83 (16.5%)

Male sex 1148 (46.7%) 1233 (53.0%) 0.88c (0.83–0.93) 134 (62.6%) 323 (64.3%) 0.97c (0.86–1.10)

Female sex (ref) 1311 (53.3%) 1093 (47.0%) 80 (37.4%) 179 (35.7%)

BMI < 27.5 BMI ≥ 27.5 (ref) ß (95% CI) BMI < 27.5 BMI ≥ 27.5 (ref) ß (95% CI)

Age (years), 58.7 ± 7.8 60.6 ± 7.7 −1.91c (−2.35; -1.47) 62.0 ± 8.0 62.2 ± 7.4 −0.23c (−1.44; 0.98)

Risk allelesd 79.0 ± 5.4 78.7 ± 5.3 0.26c (−0.08; 0.60) 80.6 ± 5.4 79.6 ± 5.3 1.04c (0.09; 2.00)

Notes: aAdjusted for age and sex; bAdjusted for age, sex, and education; cNo further adjustment; dN=4785 for the whole group, and 716 persons with diabetes (cf. methods

section). eFor example, in the whole study group, PR=0.90 is the age-sex adjusted ratio of the prevalence of educational years ≤ 13 years in BMI < 27.5 and the prevalence of

educational years ≤ 13 years in BMI ≥ 27.5.

Abbreviations: PR, prevalence ratio; CI, confidence interval; ß, regression coefficient of the linear regression model.
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body composition was not measured, and we used waist

circumference as a marker of abdominal obesity.

Strengths of our study are the use of data from two

population-based cohort studies with well characterized

subjects, and with long follow-up times up to 18 years.

Moreover, in our sensitivity analyses, we took into account

several points of view rarely addressed in other studies: we

used not only BMI, but also WC as anthropometric mea-

sure; we also used BMI values measured several years

prior to baseline; we assessed the presence of treatment

bias and of collider bias.

Conclusion
Obesity is a strong risk factor for diabetes, and, thus, it is

striking that moderate obesity reduces the mortality risk in

people with diabetes. This brings up the idea that artefacts

might be involved when mortality is found to be lowest for

overweight or obesity. In our middle-aged to older study

population with diabetes, the risk of all-cause mortality was

lowest in moderate obesity. Our results remained stable when

sensitivity analyses to remove several biases were done.

Moreover, the obesity paradox could not be explained by

treatment bias or collider bias. Nevertheless, residual con-

founding of smokingmight contribute to the obesity paradox.

Our analyses gave an indication that mortality risk is

increased in never smokers with BMI ≥ 35. Therefore, larger

cohorts of never smokers are desirable. Moreover, studies

with anthropometric measures other than BMI or WC might

lead to different results, and there is still a lack of cohort

studies with measurement of body composition.
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