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Abstract
Background  Non-obese patients with diabetes mellitus (DM) are becoming more prevalent, but their cardiovascular risk 
(CV) especially when accompanied with cardio-renal-metabolic co-morbidities (hypertension, chronic kidney disease, hyper-
lipidemia) is not well characterised. The aim of the study was to assess the CV risk among patients with DM in relation to 
obesity and cardio-renal-metabolic co-morbidities.
Materials and methods  This was a cohort study of all patients with DM without a history of major adverse cardiovascular 
event who were hospitalized for any reason in France in 2013 with at least 5 years of follow-up. They were categorized by 
the presence of obesity vs no obesity, as well as three cardio–renal–metabolic co-morbidities: hypertension, chronic kidney 
disease, hyperlipidemia. ‘Extremely unhealthy’ patients with DM were defined as those having all 3 co-morbidities.
Results  There were 196,112 patients (mean age 65.7 (SD 13.7) years; 54.3% males) included into the analysis. During a 
mean follow-up of 4.69 ± 1.79 years, when adjusted for multiple covariates, the non-obese and ‘extremely unhealthy’ obese 
patients had the highest risk of CV death [aHR 1.40 (95% CI, 1.22–1.61) and 1.48 (95% CI, 1.25–1.75), respectively]. The 
‘extremely unhealthy’ obese had the highest risk of MACE-HF [aHR 1.84 (95% CI, 1.72–1.97)] and new-onset AF [aHR 
1.64 (95% CI, 1.47–1.83)].
Conclusion  Both non-obese and obese patients with DM with associated cardio-renal-metabolic co-morbidities are an 
‘extremely unhealthy’ phenotype with the highest risk of CV death and CV events.
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Introduction

During the last decades, cardiovascular disease (CVD) risk 
is increased in obese patients with diabetes mellitus (DM) 
[1]. However, nowadays, there is an increasing prevalence 
of type 2 DM (T2DM) with lean/normal body mass index 
(BMI), which was for decades thought to be the minor-
ity of patients with DM [2]. In a recent study from the 
United States, ‘lean’ populations showed an approximately 
ninefold higher growth in the prevalence of DM over 
the last 5 years, when compared with overweight/obese 
populations [3]. Indeed, the metabolically obese normal 
weight (MONW) phenotype was first described more than 
40 years ago [4], yet T2DM with normal weight remains 
an understudied DM phenotype.

There is the so-called ‘obesity paradox’ indicating 
that there is reduced mortality or incidence of CV events 
in patients with obesity comparing to the ones who are 
not obese [5–8]. The obesity paradox may be present 
in patients with DM [9–13], but not all the studies have 
reported the same outcomes [14, 15]. However, the impact 
of obesity in DM may not be binary (i.e. yes/no), given the 
comorbidities associated with DM. Indeed, the contradic-
tory results in relation to the obesity paradox in patients 
with DM may be linked to different populations studied 
and those with and without coronary artery disease. In 
addition, the CV risk in obesity vs no obesity may be 
intimately linked to cardio-renal-metabolic co-morbidi-
ties i.e. hypertension, chronic kidney disease (CKD) and 
hyperlipidemia.

In this longitudinal nationwide French cohort study, 
we aimed to evaluate CV risks in patients with DM in 
relation to the presence of obesity vs no obesity, as well 
as the presence of one or more concomitant cardio-renal-
metabolic co-morbidities.

Research design and methods

Study design

This was a longitudinal cohort study based on the database 
of national hospitalization which covered hospital care 
for the entire French population. The details of this study 
population was described elsewhere [16]. In brief, the data 
was collected from the national administrative Programme 
de Médicalisation des Systèmes d’Information (PMSI) for 
all patients admitted to French hospitals for any reason 
in the year 2013 with at least 5 years of complete follow-
up (unless death). The following data has been collected: 
demographics, diabetes mellitus (DM), obesity and any 

other co-morbidities, medical history and events during 
hospitalization and follow up. Each diagnosis was iden-
tified with International Classification of Diseases tenth 
revision (ICD-10) codes. Diabetes was identified with the 
following ICD-10 codes: E10 for diabetes type 1 (T1DM), 
E11 for diabetes type 2 (T2DM), E13 and E14 for other 
types of DM, and obesity was identified with ICD-10 code 
E65. Exclusion criteria were as follows: age < 18 years, 
previous hospitalization for myocardial infarction (MI), 
ischemic stroke (IS) or new-onset HF (major adverse car-
diac event [MACE]-HF) as well as atrial fibrillation (AF) 
recorded during 2010–2013, or underweight and malnu-
trition (identified with the following ICD-10 codes: E41, 
E43, E44, E46, F50.8, K91.2 and R63.6), and those with-
out DM.

Cardio‑reno‑metabolic phenotypes

We divided the cohort into eight groups depending on the 
presence of obese/non-obese phenotype, and the number of 
cardio-renal-metabolic comorbidities defined as hyperten-
sion (HA) and/or CKD and/or hyperlipidemia with their 
respective ICD-10 codes (Supplementary Table 1). CKD 
was incorporated as a cardio-renal-metabolic comorbid-
ity alongside hypertension and hyperlipidemia, to offer a 
comprehensive understanding of CV risks. This inclusion 
is predicated on CKD being considered a modifiable risk 
factor, as its progression and associated CV risks can be 
mitigated through targeted pharmacological interventions. 
Group 1, group 2  and group 3 consisted of non-obese 
patients with DM and zero, one or two other cardio-reno-
metabolic comorbidities (ie. hypertension, CKD, hyperlipi-
demia) respectively; Group 4 was categorised as “non-obese 
extremely unhealthy” consisting of non-obese patients with 
DM and 3 additional cardio–renal–metabolic co-morbidities. 
Group 5, group 6 and group 7 consisted of patients with 
obesity, DM and 0, 1 or 2 other cardio-renal-metabolic co-
morbidities respectively. Group 8 were “extremely unhealthy 
obese” consisting of obese patients with DM plus 3 addi-
tional cardio-reno-metabolic comorbidities.

Outcomes

The primary outcome was the occurrence of all-cause death, 
MACE-HF (CV death, MI, IS, new-onset HF) and new-onset 
AF during follow up. We identified these outcomes with 
their respective ICD-10 codes. The patients were followed 
from the first hospitalization in 2013 till 31 December 2019 
or until death.

Information on outcomes during the follow-up was 
obtained by analyzing the PMSI codes for each patient. The 
mode of death (CV or non-CV) was identified based on the 
main diagnosis during hospitalization resulting in in-hospital 
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death. Patients were also analyzed according to number of 
cardio–renal–metabolic comorbidities namely patients with 
zero additional abnormalities were those with DM (obese 
or non-obese) excluding hypertension, CKD and hyperlipi-
demia after which, we investigated DM patients with 1, 2 or 
3 additional comorbidities.

Ethics

The medical information used in the database was 
anonymized, and the analysis was conducted retrospectively. 
Therefore, neither patient consent nor ethics committee 
approval was required for this study. The study was however 
approved by the institutional review board of the Pole Coeur 
Thorax Vaisseaux from the Trousseau University Hospital 
(Tours, France) on 1 December 2015, and registered as a 
clinical audit. The French Data Protection Authority granted 
access to the PMSI data. Moreover, procedures for data col-
lection and management were approved by the Commission 
Nationale de lʼInformatique et des Libertés (CNIL), the 
independent National Ethical Committee protecting human 
rights in France, which ensures that all information is kept 
confidential and anonymous, in compliance with the Decla-
ration of Helsinki (authorization number 1897139).

Statistical analysis

Qualitative variables are presented as frequency and percent-
ages and quantitative variables as means (standard devia-
tions [SDs]). Comparisons were made using chi-square tests 
for categorical variables and Studentʼs t test for continuous 
variables. Incidence rates (IRs) with 95% confidence interval 
(95% CI) were calculated for outcomes of interest in each 
of four subgroups. A multivariable analysis for clinical out-
comes during the whole follow-up in each subgroup was 
performed using a Cox regression model to calculate the 
adjusted hazard ratio (aHR) and 95% CI for each subgroup, 
the reference category were individuals with DM and normal 
weight (zero additional cardiorenal–metabolic comorbidi-
ties). In the first model we adjusted for age at baseline and 
sex, while in the second model we adjusted for the follow-
ing variables: age, sex, type of diabetes, smoking status, 
alcohol-related diagnoses, valve disease, coronary artery 
disease, previous percutaneous coronary intervention, pre-
vious coronary artery bypass grafting, vascular disease, pre-
vious pacemaker or implantable cardioverter defibrillator, 
lung disease, sleep apnoea syndrome, liver disease, thyroid 
disease, inflammatory disease, anaemia, previous cancer, 
cognitive impairment and illicit drug use. Kaplan–Meier 
curves were plotted with the duration from the enrollment 
to either the last follow-up date or occurrence of outcome of 
interest. All analyses were performed with STATA version 
16.1 (Stata Corp., College Station, TX, USA).

Results

Of 3,381,472 patients hospitalized in France in the year 2013 
we included 341,049 patients who had DM in this analysis. 
Subsequently, we excluded those with previous MACE-HF 
(112,905 patients), previous AF (59,812 patients) and under-
weight or under nutrient (12,475 patients). We finally included 
196,112 patients (mean age 65.7 (13.7) years; 54.3% male) 
(Fig. 1).

Among these individuals, 138,350 (70.5%) were classified 
as non-obese and 57,762 (29.5%) as obese subjects. Popula-
tion characteristics at baseline showed significant differences 
across all compared features between eight subgroups of indi-
viduals with obesity or no obesity, based on the number of 
cardio–renal–metabolic comorbidities (Table 1). Those with 
more CV comorbidities were older, with higher proportion of 
males and higher rate of non-metabolic comorbidities than 
those without.

Mortality and CV outcomes

During a mean follow-up of 4.69 ± 1.79 years (median [IQR]: 
5.47[4.74–5.82]) 61,787 (31.5%) patients died, including 
10,981 (5.6) who died due to CV causes (Supplementary 
Table S4). The highest incidence of all-cause death and CV 
death, IS and MI was observed for the group of non-obese 
patients with three comorbidities (10.2%, 2.5%, 3.4%, 2.8% 
respectively). Both patients with obesity as well as those with-
out obesity — but with 3 concomitant cardio-renal-metabolic 
abnormalities presented with the highest incidence of MACE-
HF (16.5% and 16.2%) and new-onset AF (5.4% and 5.4%).

Obese patients with no additional cardio-renal-metabolic 
comorbidities besides DM had the lowest incidences of all-
cause death, CV death, MACE-HF and AF (3.9%; 0.6%; 4.6% 
and 2.1%, respectively), even lower than non-obese without 
metabolic comorbidities (6.2%; 0.9%; 5.8% and 2.4%). Inci-
dence rates per patient-year of major adverse events are pre-
sented in Table 2 with corresponding Kaplan–Meier survival 
curves shown in Fig. 2 (all Log-rank < 0.0001).

When stratified by sex, risk of all-cause death and CV death 
was higher among non-obese, regardless of sex. Conversely, 
for the MACE-HF and new AF, patient’s sex was of greater 
importance than the obesity status, with males having higher 
risk of these outcomes. Kaplan–Meier survival curves detail-
ing these findings are available in Supplementary Figure S2.

Multivariate analysis

When adjusted for age and sex, both non-obese and obese 
extremely unhealthy patients had the highest risk of 
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all-cause death with aHRs of 1.12 (95% CI, 1.05–1.19) 
and 1.12 (95% CI, 1.04–1.20) respectively; CV death 
with aHRs of 1.75 (95% CI, 1.54–1.99) and 1.89 (95% CI, 
1.62–2.19), respectively; and HF with aHRs of 2.13 (95% 
CI, 2.00–2.27) and 2.66 (95% CI, 2.49–2.84), respectively 
(Supplementary Figure S3).

Similarly, the risk of stroke and MI (both as a com-
ponent of MACE-HF), were the highest in the obese 
extremely unhealthy patients with aHRs of 1.53 (95% CI, 
1.29–1.82) and 1.45 (95% CI, 1.24–1.68), respectively 
(Supplementary Figure S4). In the obese and non- obese 
extremely unhealthy patients, aHRs were 1.94 (95% CI 
1.68–2.25) and 2.15 (95% CI 1.90–2.44), respectively. 
The risk of MACE-HF, and new-onset AF were the high-
est in extremely unhealthy obese patients with aHRs of 
2.42 (95% CI, 2.28–2.58) and 1.98 (95% CI, 1.80–2.18), 
respectively.

After further adjustment for multiple covariates (see 
description of Fig. 3), both non-obese and obese extremely 
unhealthy patients still had the highest risk of CV death 
with aHRs of 1.40 (95% CI, 1.22–1.61) and 1.48 (95% 
CI, 1.26–1.75), respectively, and MACE-HF with aHRs of 
1.56 (95% CI, 1.47–1.66) and 1.84 (95% CI, 1.72–1.97), 
respectively. Obese extremely unhealthy patients had the 
highest risk of incident AF with aHRs of 1.64 (95% CI, 
1.47–1.83).

Discussion

In the present study using data that were representative for 
the contemporary French national population, our principal 
findings are as follows: (i) approx. 70% of DM patients were 
non-obese; (ii) the highest incidence rate of all cause and 
CV- death as well as IS and MI was for non-obese, extremely 
unhealthy group (presenting with 3 cardio-renal-metabolic 
comorbidities); (iii) the highest incidence of MACE-HF, 
HF and AF was for both non-obese and obese, extremely 
unhealthy patients; (iv) the highest adjusted risk of CV- 
death and MACE-HF were for both non-obese and obese 
extremely unhealthy patients; and (v) the highest adjusted 
risk of new AF were for extremely unhealthy obese patients.

Epidemiological data related to obesity prevalence in 
DM are changing and the numbers are lowering nowadays 
when compared the data from other countries reported 
17 years ago (approx. 50–60%) [17, 18]. For example, in a 
recent population study from France published in 2023, 788 
(41.1%) of patients with known DM were obese [19]. In the 
present cohort of French patients with DM, the prevalence 
of obesity was only approx. 30%.

Our data show that non-obese patients with DM were 
commonly burdened with other cardio–renal–metabolic 
comorbidities (i.e. hypertension, CKD, hyperlipidemia), 
consistent with prior French National general population 

Fig. 1   Flowchart of the study. AF atrial fibrillation, CRM cardio-renal-metabolic, DM diabetes mellitus, MACE-HF composite of CV death, 
ischemic stroke; myocardial infarction and new-onset heart failure
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data (i.e. not focused solely on patients with DM) [16]. 
In everyday clinical scenario, DM itself is often related to 
other chronic comorbidities with the increasing prevalence 
of multimorbidity, defined as having two or more long-term 
conditions [20], especially cardiac, renal and metabolic dis-
eases [21]. DM as well as obesity confers higher CV risk but 
neither diabetes nor obesity per se are “yes/no” diagnoses in 
term of CV health where not every patient who has diabetes 
or obesity presents the same CV risk [22].

There is ongoing controversy whether the obesity para-
dox exists in DM (9–13) or not [14, 15]. We found that the 
highest incidence of all-cause and CV- death as well as IS 
and MI was observed among patients without obesity, but 
this was linked to being burdened with 3 concomitant car-
dio–renal–metabolic abnormalities (which we termed an 
‘extremely unhealthy’ phenotype). Those who were obese 
but had no additional comorbidities besides DM had the low-
est incidence rate of these outcomes. While these findings 

Table 2   Incidence rates (%/year) of major adverse events according to body size phenotypes and number of metabolic abnormalities

AF atrial fibrillation, CI Confidence interval, CRM cardio–renal–metabolic, CV cardiovascular, MACE-HF composite of cardiovascular death, 
ischemic stroke, myocardial infarction and new-onset heart failure, %IR % incidence rate

Non-obese Obese

0 CRM 
comorbidities

1 CRM 
comorbidities

2 CRM 
comorbidities

3 CRM 
comorbidities

0 CRM 
comorbidities

1 CRM 
comorbidities

2 CRM 
comorbidities

3 CRM 
comorbidities

% IR (95% CI)
 All-cause 

death
6.19 (6.09–

6.29)
8.49 (8.37–

8.60)
7.47 (7.32–

7.61)
10.15 (9.56–

10.77)
3.86 (3.69–

4.02)
5.46 (5.32–

5.60)
4.81 (4.68–

4.94)
8.04 (7.48–

8.65)
 CV death 0.94 (0.90–

0.98)
1.49 (1.44–

1.54)
1.5 (1.44–

1.57)
2.49 (2.20–

2.80)
0.56 (0.50–

0.63)
0.91 (0.86–

0.97)
0.94 (0.89–

1.00)
2.06 (1.78–

2.37)
 MACE-HF 5.8 (5.7–5.91) 9.09 (8.96–

9.22)
10.48 (10.29–

10.66)
16.46 (15.59–

17.37)
4.64 (4.46–

4.84)
7.48 (7.31–

7.65)
8.82 (8.63–

9.01)
16.19 (15.25–

17.18)
 New-onset 

AF
2.38 (2.31–

2.44)
3.89 (3.81–

3.97)
4.02 (3.92–

4.13)
5.41 (4.97–

5.89)
2.13 (2.01–

2.26)
3.41 

(3.3–3.53)
3.5 (3.39–

3.62)
5.43 (4.96–

5.96)

Non-obese patients Obese patients

0 CRM comorbidities

1 CRM comorbidities 

2 CRM comorbidities 

3 CRM comorbidities

Fig. 2   Kaplan–Meier curves of all cause-death (A), CV death 
(B), MACE-HF (C), and new-onset AF (D). Log rank p values 
all < 0.0001. AF atrial fibrillation, CRM cardio-renal-metabolic, 

CV cardiovascular, MACE-HF composite of cardiovascular death, 
ischemic stroke, myocardial infarction and new-onset heart failure
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might initially appear to support the obesity paradox, this 
does not reflect long-term health outcomes. Indeed, prior 
research indicates that obese individuals may have a lower 
overall life expectancy compared to their leaner counter-
parts [23, 24]. In addition, short-term follow-up may favor 
younger, obese patients with fewer immediate comorbidities, 
yielding more favorable prognosis. Subsequent adjustments 
for various comorbidities negated any significant difference 
in all-cause death and CV death risk between obese and non-
obese individuals within the ‘extremely unhealthy’ category, 
with the obese having higher risk of MACE-HF.

Another explanation for the obesity paradox could be that 
lower body weight in the presence of cardio-renal-metabolic 
disorders which are to some extent obesity-related may 
reflect underlying illness that contributes to adverse car-
diovascular events. Moreover one of the chronic conditions 
which was twice more prevalent in the extremely unhealthy 
phenotype of patients with DM was CKD, which is a well-
recognized predictor of increased CV risk per se [25, 26]. 
When adjusted for age and sex, the extremely unhealthy 

DM patients, both with and without obesity, presented 
with higher risks of all cause death, CV- death, HF, IS and 
MI. The importance of associated comorbidities has been 
highlighted by Lassale et al. where metabolically unhealthy 
patients were associated with higher coronary heart disease 
risk than healthy people, irrespective of their BMI [27].

Obesity however still seems to be an important risk fac-
tor for MACE-HF and incident AF because as shown in the 
current analysis, an obese, extremely unhealthy phenotype 
was independently associated with the highest risk of these 
outcomes. Previously obese patients with DM had already 
been assessed as a group with the highest risk of AF inci-
dence [28, 29]. Non-obese patients were not found to be 
at increased risk of AF compared to the obese ones, but 
contrary to our study no comorbidity has been taken into 
account [29].What is more, obese patients, comparing to 
non-obese ones, were more burdened with obstructive sleep 
apnoea syndrome which is one of acknowledged risk factors 
of poor CV prognosis [30, 31]. The present results draw 
attention to a group of patients with DM, both obese and 

All−cause death

Group

Non−obese + 0 CRM comorbidities (ref)

Non−obese + 1 CRM comorbidities

Non−obese + 2 CRM comorbidities

Non−obese + 3 CRM comorbidities

Obese + 0 CRM comorbidities

Obese + 1 CRM comorbidities

Obese + 2 CRM comorbidities

Obese + 3 CRM comorbidities

aHR (95% CI)

1 (ref.)

0.92 (0.90−0.94)

0.82 (0.80−0.85)

0.96 (0.90−1.03)

0.86 (0.82−0.90)

0.86 (0.83−0.89)

0.74 (0.72−0.77)

0.95 (0.88−1.03)

0.6 1 1.4 1.8 2.2 2.6 3
adjusted hazard ratio

CV death

Group

Non−obese + 0 metab. Abn. (ref)

Non−obese + 1 metab. Abn.

Non−obese + 2 metab. Abn.

Non−obese + 3 metab. Abn.

Obese + 0 metab. Abn.

Obese + 1 metab. Abn.

Obese + 2 metab. Abn.

Obese + 3 metab. Abn.

aHR (95% CI)

1 (ref.)

1.01 (0.95−1.06)

0.98 (0.92−1.05)

1.40 (1.22−1.61)

0.87 (0.77−0.99)

0.97 (0.89−1.05)

0.91 (0.84−0.99)

1.48 (1.26−1.75)

0.6 1 1.4 1.8 2.2 2.6 3
adjusted hazard ratio

MACE−HF

Group

Non−obese + 0 metab. Abn. (ref)

Non−obese + 1 metab. Abn.

Non−obese + 2 metab. Abn.

Non−obese + 3 metab. Abn.

Obese + 0 metab. Abn.

Obese + 1 metab. Abn.

Obese + 2 metab. Abn.

Obese + 3 metab. Abn.

aHR (95% CI)

1 (ref.)

1.08 (1.06−1.11)

1.14 (1.11−1.17)

1.56 (1.47−1.66)

1.04 (0.99−1.09)

1.20 (1.16−1.24)

1.23 (1.19−1.27)

1.84 (1.72−1.97)

0.6 1 1.4 1.8 2.2 2.6 3
adjusted hazard ratio

New onset AF

Group

Non−obese + 0 metab. Abn. (ref)

Non−obese + 1 metab. Abn.

Non−obese + 2 metab. Abn.

Non−obese + 3 metab. Abn.

Obese + 0 metab. Abn.

Obese + 1 metab. Abn.

Obese + 2 metab. Abn.

Obese + 3 metab. Abn.

aHR (95% CI)

1 (ref.)

1.08 (1.05−1.12)

1.10 (1.05−1.14)

1.31 (1.19−1.44)

1.26 (1.17−1.34)

1.38 (1.32−1.44)

1.36 (1.30−1.43)

1.64 (1.47−1.83)

0.6 1 1.4 1.8 2.2 2.6 3
adjusted hazard ratio

Fig. 3   Adjusted hazard ratios for the associations between body size 
phenotypes and cardio-renal-metabolic comorbidities for all cause-
death CV death, MACE-HF, and new-onset AF. Adjustment was 
made for age, sex, type of diabetes, smoking status, alcohol-related 
diagnoses, valve disease, coronary artery disease, previous PCI, pre-
vious CABG, vascular disease, previous pacemaker or ICD, lung dis-
ease, sleep apnoea syndrome, liver disease, thyroid disease, inflam-

matory disease, anaemia, previous cancer, cognitive impairment and 
illicit drug uses. AF atrial fibrillation, aHR adjusted hazard ratio, 
CABG coronary artery bypass grafting, CI confidence interval, CRM 
cardio-renal-metabolic, CV cardiovascular, ICD Implantable car-
dioverter defibrillator, MACE-HF composite of CV death, ischemic 
stroke, myocardial infarction and new-onset heart failure, PCI Percu-
taneous coronary intervention, ref. reference
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non-obese but with additional cardio-renal-metabolic co-
morbidities, and an extremely unhealthy phenotype resulting 
in an increased CV risk.

In our cohort, sex played a differential role in all stud-
ied outcomes. While obesity status influenced all-cause 
and cardiovascular death across both sexes with non-obese 
individuals being at higher risk of all-cause and CV death, 
it was less impactful than sex in relation to MACE-HF and 
new-onset AF. This finding confirms previously observed 
attenuation of gender differences in cardiovascular mortality 
[32] but does not explain the higher CV risk among non-
obese individuals which definitely needs further investiga-
tion. This layered interaction between obesity and sex is fur-
ther complicated when considering other data. A Norwegian 
longitudinal study reported that even though men had higher 
rates of incident AF similarly to our study, the influence of 
BMI was comparable between sexes with the lowest risk of 
AF among those with normal weight [33, 34]. Meanwhile, 
the ACCORD trial indicated a sex-BMI interaction among 
patients with diabetes, with higher BMI conferring a greater 
risk of incident AF for men [35].These multifaceted observa-
tions collectively accentuate the complex interplay between 
BMI, diabetes status, and sex in influencing long-term car-
diovascular outcomes.

Our study confirms the importance of managing car-
dio–renal–metabolic status of patients with DM regardless 
of obesity and proves that cardio–renal–metabolic status 
modifies the relationship between patients’ body mass 
related phenotype and risk of CV events. Given that many 
patients with DM have associated comorbidities and lifestyle 
factors that should be addressed, this has also led to the 
evolution of more holistic or integrated multidisciplinary 
management approaches to improve patient care [36].

Limitations

This study had several limitations that should be addressed. 
It was observational in nature and based on administrative 
data with potential biases related to the study methodology. 
We based the outcomes on diagnoses obtained from ICD-10 
codes so we cannot exclude inaccuracies in the diagnostic 
codes. On the other hand, disease coding is related to reim-
bursement that is why it is regularly controlled and expected 
to be of good quality. The large scale of the presented study 
may however partly compensate for some of the potential 
biases. Our statistical adjustments were made for numer-
ous variables, however important for patients with DM 
confounders, namely recent weight change, abdominal obe-
sity, duration and severity of diabetes could not be assessed 
due to administrative nature of the database. In addition, 
the absence of laboratory data in our study precludes the 
stratification of patients by CKD stage, a variable that could 
offer additional insights into the relationship between renal 

function and the outcomes observed. Due to the study design 
based on the ICD-10 codes we had no information related 
to overweight patients and so we compared only those who 
were obese to those who were not obese, although a propor-
tion of the latter could be overweight. Moreover, obesity was 
defined based on BMI which does not fully capture body 
composition, especially abdominal distribution of body fat. 
Also, age-related loss of lean muscle mass and bone (sarco-
penia) could be the reason for lower body weight especially 
in older adults.

Conclusion

Obese and non-obese patients with DM and three concomi-
tant cardio-renal-metabolic co-morbidities are an ‘extremely 
unhealthy’ phenotype with the highest adjusted risk of CV 
death as well as MACE-HF. Focus should be not only be on 
diabetes or obesity as a single disease but attention at man-
aging any concomitant comorbidities associated with them.
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