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Abstract
Background  There is a growing burden of non-obese people with diabetes mellitus (DM). However, their 
cardiovascular risk (CV), especially in the presence of cardiovascular-kidney-metabolic (CKM) comorbidities is poorly 
characterised. The aim of this study was to analyse the risk of major CV adverse events in people with DM according 
to the presence of obesity and comorbidities (hypertension, chronic kidney disease, and dyslipidaemia).

Methods  We analysed persons who were enrolled in the prospective Silesia Diabetes Heart Project (NCT05626413). 
Individuals were divided into 6 categories according to the presence of different clinical risk factors (obesity and CKM 
comorbidities): (i) Group 1: non-obese with 0 CKM comorbidities; (ii) Group 2: non-obese with 1–2 CKM comorbidities; 
(iii) Group 3: non-obese with 3 CKM comorbidities (non-obese “extremely unhealthy”); (iv) Group 4: obese with 0 CKM 
comorbidities; (v) Group 5: obese with 1–2 CKM comorbidities; and (vi) Group 6: obese with 3 CKM comorbidities 
(obese “extremely unhealthy”). The primary outcome was a composite of CV death, myocardial infarction (MI), new 
onset of heart failure (HF), and ischemic stroke.

Results  2105 people with DM were included [median age 60 (IQR 45–70), 48.8% females]. Both Group 1 and Group 
6 were associated with a higher risk of events of the primary composite outcome (aHR 4.50, 95% CI 1.20-16.88; and 
aHR 3.78, 95% CI 1.06–13.47, respectively). On interaction analysis, in “extremely unhealthy” persons the impact of CKM 
comorbidities in determining the risk of adverse events was consistent in obese and non-obese ones (Pint=0.824), but 
more pronounced in individuals aged < 65 years compared to older adults (Pint= 0.028).
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Introduction
Diabetes mellitus (DM) is an important public health 
challenge associated with a high risk of mortality and 
morbidity from cardiovascular (CV) diseases [1, 2]. 
Overweight and obesity are significant risk factors for the 
development of DM, as they are associated with insulin 
resistance that, in turn, favours inflammation and accel-
erated loss of pancreatic β-cell function [3]. Moreover, 
other comorbidities, like hypertension, dyslipidaemia, 
and chronic kidney disease (CKD), often coexist. They 
constitute the cardiovascular-kidney-metabolic (CKM) 
axis of comorbidities and complicate the clinical course 
of these persons, heightening the risk of CV events [4].

In clinical practice, the holistic management of people 
with type 2 DM, who are often living with overweight or 
obesity, should be aimed at reducing the risk of diabe-
tes-related complications. This approach includes (apart 
from lifestyle modifications and education) multiple, 
evidence-based interventions such as management of 
weight, glycaemia, blood pressure and lipids along with 
using medications with cardiovascular and kidney out-
comes benefits [5–7].

Nevertheless, the prevalence of people with DM with-
out obesity is about 20% and has been increasing in 
recent decades [8]. Results from a US survey showed that 
between 2015 and 2020 DM increased by 17.8% among 
“lean” [defined as body mass index (BMI) of < 25 kg/m2] 
adults, while no significant changes among overweight 
and obese adults were observed [9]. Similarly, a recent 
meta-analysis on temporal trends of DM incidence 
showed a continuous growth among normal-weight per-
sons since 1985, with an estimated increase of 36% every 
5 years [10].

Although obese and “lean”/normal-weight people with 
DM have some differences in terms of aetiology and 
pathophysiology, the metabolically obese normal weight 
(MONW) phenotype, a term used to describe individu-
als who present obesity alterations (e.g. reduced insulin 
sensitivity, hypertension, DM, and hypertriglyceridemia), 
despite having normal weight, present a higher risk of 
adverse outcomes compared to people without DM [11, 
12]. This relative contribution of obesity requires further 
elucidation over the presence of other CV risk factors in 
determining the risk of adverse events in people with DM 
[13–16].

The aim of this study was to assess the risk of CV 
events in DM based on the presence or absence of obe-
sity and stratified by CKM comorbidities.

Methods
Study design
The design of the Silesia Diabetes-Heart Project has 
been previously reported [17]. Briefly, the Silesia - Heart 
Project is a single centre, observational, prospective 
registry where people with diabetes, hospitalized in the 
Diabetology Ward in Zabrze and from the Outpatient 
Diabetology Clinics in the Silesia Region, Poland between 
January 2015 and March 2023, were enrolled. Adult per-
sons between age 18 years and 85 years with type 1 DM 
or type 2 DM who provided written informed consent 
were enrolled in the registry. The study protocol was 
approved by the local Ethics Committee, and the study 
was conducted in accordance with the Good Clinical 
Practice and the Declaration of Helsinki. The study is reg-
istered on ClinicalTrials.gov (NCT05626413).

At baseline, data concerning demographics, and medi-
cal history for hospitalized persons were collected. 
Moreover, we reported information concerning glucose 
- lowering treatments [i.e. insulin, metformin, dipeptidyl 
peptidase 4 (DPP4) inhibitors, glucagon-like peptide-1 
receptor agonists (GLP-1 RA), sodium-glucose co-trans-
porter 2 (SGLT2) inhibitors, and combination therapy 
with insulin and oral glucose-lowering drugs], antiplate-
let (APT) therapy, oral anticoagulants (OAC), the most 
used cardiovascular drugs [i.e. beta-blockers, angiotensin 
converting enzyme inhibitors (ACEi), angiotensin recep-
tor blockers (ARB), calcium-channel blockers, statins] 
and non-cardiovascular drugs (i.e. xanthine oxidase 
inhibitors).

For the purpose of this analysis, we included people 
with complete data about the obesity status, hyperten-
sion, dyslipidaemia, and CKD, defined according to the 
current guidelines [18–22]. Obesity was defined as a BMI 
of 30 kg/m² or greater. Hypertension, dyslipidaemia, and 
CKD were considered CKM comorbidities. CKD was 
defined as an estimated glomerular filtration rate (eGFR) 
of less than 60  ml/min/1.73  m² or a urine albumin-to-
creatinine ratio equal or greater than 30  mg/g lasting 
for more than 3 months [23]. Including CKD among 
the CKM comorbidities allowed for a comprehensive 
evaluation of cardiovascular risk [24, 25]. Hypertension 
was defined as a systolic blood pressure of 140  mm Hg 
or higher, or a diastolic blood pressure of 90 mm Hg or 
higher, or the use of antihypertensive medication [20]. 
Dyslipidaemia encompassed both hypercholesterolemia 
and hypertriglyceridemia as defined previously [26].

Conclusion  Both non-obese and obese people with DM and 3 associated CKM comorbidities represent 
an “extremely unhealthy” phenotype which are at the highest risk of CV adverse events. These results highlight the 
importance of risk stratification of people with DM for risk factor management utilising an interdisciplinary approach.
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Definition of clinical risk groups
People were divided into 6 categories of clinical CV risk 
based on the presence of obesity and the number of CKM 
comorbidities, as follows:

 	• Group 1: non-obese with 0 CKM comorbidities;
 	• Group 2: non-obese with 1–2 CKM comorbidities;
 	• Group 3: non-obese with 3 CKM comorbidities;
 	• Group 4: obese with 0 CKM comorbidities;
 	• Group 5: obese with 1–2 CKM comorbidities;
 	• Group 6: obese with 3 CKM comorbidities.

Both non-obese and obese people with DM and 3 addi-
tional CKM comorbidities were defined as metabolically 
“extremely unhealthy” groups.

Follow-up and adverse events
Follow-up information was collected through personal 
visits or phone contact with the person or the person’s 
family member between March 2021 and November 
2023.

In this analysis, the primary outcome was defined as a 
composite of CV death, myocardial infarction (MI), new 
onset of heart failure (HF), and ischemic stroke.

Statistical analysis
Continuous variables are reported as mean and standard 
deviation (SD) or median and interquartile range [IQR] 
and compared with appropriate parametric and non-
parametric tests. Categorical variables are shown as fre-
quencies and percentages and compared using the 2-test. 
For all the analyses, group 1 was used as the reference 
one.

Multivariable logistic regression was used to assess the 
associations between clinical risk groups and the use of 
various pharmacological treatments: insulin, metformin, 
sulfonylureas, GLP1 RA, SGLT2 inhibitors, DPP4 inhibi-
tors, insulin with oral glucose-lowering drugs, APT, and 
OAC drugs. These analyses were adjusted for age, sex, 
type of DM, duration of DM, current smoking, and pre-
vious coronary artery disease (CAD), considered as co-
variates, or independent variables. Results are reported 
as Odds Ratio (OR) and 95% Confidence Intervals (CI).

The incidence rate (IR) of adverse outcomes was calcu-
lated as the number of events / total person-years ratio 
and reported as incidence for 1000 persons/year with the 
relative 95% CI. Kaplan-Meier survival curves were used 
to illustrate the differences in the survival distributions 
and these differences were statistically tested by the Log-
Rank test. Cox regression models were used to evaluate 
the association between the different groups and the risk 
of the composite outcome. Group 1 was used as the refer-
ence. Results are shown as Hazard Ratio (HR), adjusted 
Hazard Ratio (aHR) and 95% CI.

For Cox regression models, we built 2 models: Model 
1, adjusted for age and sex; and Model 2, adjusted for 
age, sex, duration of DM, current smoking, and previous 
CAD. Additionally, we divided the population into two 
groups, the “extremely unhealthy” group and the “non-
extremely unhealthy” group. We performed an inter-
action analysis to assess if the association between the 
groups and the risk of primary outcome was modified by 
different sub-groups with the relevant clinical character-
istics (age < or ≥ 65 years, males or females, obese or non-
obese, type 1 or type 2 DM). All the interaction analyses 
were adjusted for the same variables included in the Cox 
regression Model 2. A two-sided p < 0.05 was considered 
statistically significant. All the analyses were performed 
using the SPSS statistical software version 29.0.2.0 (SPSS, 
Inc., Chicago, IL, USA) or using R (version 4.3.2).

Results
From the 3056 persons originally enrolled in the Silesia 
Diabetes-Heart Project registry, 2105 (68.8%) persons 
[median age (IQR), 60 (45–70) years; 48.8% females] had 
complete clinical and follow-up information and were 
included in this analysis (Fig.  1). Among these persons, 
1066 (50.6%) were non-obese and 1039 (49.4%) were 
obese. The majority had at least 1 CKM comorbidity 
[1736 (82.5%) in the whole cohort].

Baseline characteristics of the different clinical risk 
groups are summarised in Table  2. Group 1 (non-obese 
with 0 CKM comorbidities) consisted of the youngest 
persons [median age, 27 (22-37)], with a shorter dura-
tion of the disease [median years, 7 (1-12)], and a high 
prevalence of type 1 DM (82.1%). Overall, among people 
without obesity (Groups 1–3), an increase in the num-
ber of comorbidities correlated with older age. Similarly, 
the duration of the disease progressively increased, while 
the prevalence of people with type 1 DM became lower. 
Table  1, summarizes achieving guideline-recommended 
targets for the examined groups of people. Analogous 
findings were observed in obese people (Groups 4–6), 
with a gradual rise in median age and duration of DM as 
the number of comorbidities increased.

Extremely unhealthy people with 3 CKM comorbidi-
ties exhibited a higher prevalence of previous CV dis-
ease compared to those with 0 or 1–2 comorbidities in 
both obese and non-obese persons. Among “extremely 
unhealthy” persons, those in the obese category (Group 
6) demonstrated significantly higher absolute rates of 
CAD (58.8% vs. 43.3%, p < 0.001) and history of HF 
(36.5% vs. 23.1%, p < 0.001) compared to their non-obese 
counterparts (Group 3).
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Treatments
Treatments received by the different groups are reported 
in Table 3, and the results of multivariable logistic regres-
sion analysis are summarised in Table 4.

Insulin was frequently used in Group 1 (94%) and 
Group 6 (87.1%); however, multivariable logistic regres-
sion analysis showed no differences among the groups. 
SGLT2 inhibitors were more likely prescribed to people 
with 1–2 CKM comorbidities, both non-obese (Group 
2: 15.7%) and obese (Group 5: 29.8%), as confirmed by 
regression analysis after adjustment for confounders (OR 
2.94, 95% CI 1.20–7.23; and OR 4.16, 95% CI 1.71–10.11, 
respectively).

Obese people with 1–2 or 3 CKM comorbidities 
showed the highest use of GLP1 RA (6.7% and 5.6%, 
respectively). This finding was confirmed by multivari-
able analysis, which revealed that compared to non-
obese people with 0 CKM comorbidities, they had almost 
8-fold increased odds of receiving this treatment (OR 
7.40, 95% CI 1.57–34.81; and OR 8.16, 95% CI 1.53–
43.52, respectively).

When considering insulin combined with oral glucose-
lowering drugs, the highest prescription prevalence was 
observed in the obese groups (ranging from 42.9% in 
Group 4 to 64.7% in Group 6). However, after multivari-
able logistic analysis, all groups showed higher use of 

combined treatment compared to non-obese people with 
0 comorbidities, except for non-obese with 3 comorbidi-
ties and obese with 0 CKM comorbidities.

In terms of antithrombotic therapy, antiplatelet medi-
cations were more likely used in non-obese and obese 
people with at least 1 CKM comorbidity, with the greatest 
prevalence reported in non-obese and obese “extremely 
unhealthy” persons (69.4% and 69.1%). These results were 
confirmed by multivariable logistic regression. OAC use 
was the highest in obese people with 3 CKM comorbidi-
ties (18.9%), but no significant differences were observed 
after adjusting for confounding factors.

Risk of adverse events
During a median follow-up of 987 (622–1437) days, a 
total of 152 (7.2%) events of the primary composite out-
come occurred. Compared to non-obese people with 
0 CKM comorbidities (Group 1) (IR per 1000 persons-
years: 7.21, 95% CI 2.34–16.83), those with at least 1 
CKM comorbidity had significantly higher IRs for the 
composite outcome, with the highest rates for non-obese 
and obese people with 3 CKM comorbidities (IR 50.26, 
95% CI 30.26–78.49; and IR 40.35, 95% CI 26.81–58.32, 
respectively), as shown in Table 5. Kaplan-Meier curves 
illustrating the primary composite outcome for differ-
ent groups are depicted in Fig.  2. At multivariable Cox 

Fig. 1  Flowchart of the study. BMI, body mass index; CKM cardiovascular-kidney-metabolic
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Table 1  Baseline characteristics according to clinical risk groups
Non-obese
0 CKM com.

Non-obese
1–2 CKM com.

Non-obese
3 CKM com.

Obese
0 CKM com.

Obese
1–2 CKM 
com.

Obese
3 CKM com.

p-
value

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Total, n (%) 268 (12.7) 664 (31.5) 134 (6.4) 28 (1.3) 778 (37) 233 (11.1)
Males, n (%) 137 (51.1) 321 (48.3) 82 (61.2) 18 (64.3) 381 (49) 139 (59.7) 0.003
Age (years), median [IQR] 27 [22–37] 57 [43–69] 72 [62–80] 51 [36–66] 62 [54–69] 69 [63–75] < 0.001
DM type 1, n (%) 220 (82.1) 228 (34.2) 16 (11.9) 8 (28.6) 48 (6.2) 4 (1.7) < 0.001
Duration of diabetes (years), median 
[IQR]

7 [1–12] 10 [3–16] 12 [9–20] 5 [1–11] 10 [5–15] 12 [10–20] < 0.001

Emergency admission, n (%) 94 (35.1) 249 (37.5) 56 (41.8) 11 (39.3) 202 (26) 61 (26.2) < 0.001
Diabetes decompensation reason for 
admission, n (%)

171 (63.8) 425 (64) 88 (65.7) 15 (53.6) 526 (67.6) 162 (69.5) 0.321

Obesity, n (%) 0 (0) 0 (0) 0 (0) 28 (100) 778 (100) 233 (100) < 0.001
BMI (kg/m2), median [IQR] 22 [20–25] 25 [23–28] 27 [24–28] 33 [31–37] 34 [32–38] 35 [32–39] < 0.001
Hypertension, n (%) 0 (0) 420 (63.3) 134 (100) 0 (0) 695 (89.3) 233 (100) < 0.001
Systolic BP (mmHg), mean (SD) 118 (10) 126 (13) 133 (16) 124 (9) 133 (14) 133 (15) < 0.001
Diastolic BP (mmHg), mean (SD) 74 (7) 76 (7) 76 (8) 76 (6) 78 (7) 77 (8) < 0.001
Dyslipidemia, n (%) 0 (0) 401 (60.4) 134 (100) 0 (0) 567 (73.2) 233 (100) < 0.001
CKD, n (%) 0 (0) 81 (12.2) 134 (100) 0 (0) 67 (8.6) 233 (100) < 0.001
Current smoker, n (%) 54 (20.1) 154 (23.2) 21 (15.7) 3 (10.7) 159 (20.4) 35 (15) 0.053
Hyperuricaemia, n (%) 5 (1.9) 111 (16.7) 80 (59.7) 5 (17.9) 266 (34.2) 164 (70.4) < 0.001
Diabetic retinopathy, n (%) 49 (18.3) 223 (33.6) 45 (33.6) 8 (28.6) 241 (31) 94 (40.3) < 0.001
Generalized atherosclerosis, n (%) 10 (3.7) 229 (34.5) 87 (64.9) 8 (28.6) 271 (34.8) 147 (63.1) < 0.001
Venous insufficiency, n (%) 1 (0.4) 41 (6.2) 19 (14.2) 4 (14.3) 100 (12.9) 45 (19.3) < 0.001
Diabetic peripheral neuropathy, n (%) 9 (3.4) 78 (11.7) 13 (9.7) 3 (10.7) 50 (6.4) 21 (9) < 0.001
Diabetic foot, n (%) 3 (1.1) 21 (3.2) 9 (6.7) 2 (7.1) 15 (1.9) 8 (3.4) 0.009
MASLD, n (%) 35 (13.1) 250 (37.7) 65 (48.5) 14 (50) 560 (72) 173 (74.2) < 0.001
CAD, n (%) 3 (1.1) 142 (21.4) 58 (43.3) 4 (14.3) 261 (33.5) 137 (58.8) < 0.001
Heart failure, n (%) 2 (0.7) 73 (11) 31 (23.1) 3 (10.7) 133 (17.1) 85 (36.5) < 0.001
AF, n (%) 2 (0.8) 38 (5.8) 15 (11.5) 2 (7.1) 62 (8.2) 34 (15) < 0.001
Previous stroke, n (%) 0 (0) 35 (5.3) 28 (20.9) 1 (3.6) 49 (6.3) 31 (13.3) < 0.001
Degenerative disease of the spine, 
n (%)

17 (6.3) 230 (34.6) 55 (41) 8 (28.6) 343 (44.1) 118 (50.6) < 0.001

Carotid artery disease, n (%) 0 (0) 11 (1.7) 4 (3) 0 (0) 10 (1.3) 7 (3) 0.066
PAD, n (%) 1 (0.4) 26 (3.9) 6 (4.5) 2 (7.1) 29 (3.7) 17 (7.3) 0.004
Total cholesterol (mmol/l), median 
[IQR]

4.10
[3.48–4.52]

4.94
[3.92–5.64]

4.49
[3.60–5.40]

4.39
[3.27–4.63]

4.53
[3.72–5.51]

4.28
[3.53–5.07]

< 0.001

LDL cholesterol (mmol/l), median [IQR] 2.07
[1.75–2.42]

2.49
[1.82–3.27]

2.06
[1.59–2.87]

2.43
[1.72–2.76]

2.30
[1.58–3.16]

2.04
[1.53–2.61]

< 0.001

HDL cholesterol (mmol/l), median 
[IQR]

1.48
[1.24–1.79]

1.42
[1.10–1.85]

1.19
[0.97–1.54]

1.27
[1.11–1.62]

1.18
[0.97–1.41]

1.09
[0.92–1.28]

< 0.001

Triglycerides (mmol/l), median [IQR] 0.87
[0.64–1.18]

1.27
[0.88–1.87]

1.53
[1.17, 2.26]

1.17
[0.81–1.53]

1.73
[1.23–2.59]

1.98
[1.47–2.66]

< 0.001

HbA1c (%), median [IQR] 8.50
[7.38–10.85]

8.82
[7.52–10.63]

8.40
[6.98–10.50]

7.70
[5.84–10.50]

9.05
[7.81–10.30]

8.70
[7.60-10.41]

0.203

eGFR (ml/min), median [IQR] 104.92
[91.46–119.80]

86.13
[70.56-106.15]

44.11
[35.08–53.09]

94.42
[73.29-108.87]

82.60
[69.67–97.92]

45.39
[35.16–54.13]

< 0.001

AF, atrial fibrillation; BMI, body mass index; BP, blood pressure; CAD, coronary artery disease; CKD, chronic kidney disease; CKM com., cardiovascular-kidney-metabolic 
comorbidities; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; HbA1c, glycated haemoglobin; HDL, high density lipoprotein; IQR, interquartile 
range; LDL, low density lipoprotein; MASLD, metabolic dysfunction-associated steatotic liver disease; PAD, peripheral artery disease; SD, standard deviation
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Table 2  The percentage of persons achieving guideline-recommended target
Guideline-recommended target Total Non-obese

0 CKM com.
Non-obese
1–2 CKM com.

Non-obese
3 CKM com.

Obese
0 CKM com.

Obese
1–2 CKM com.

Obese
3 CKM com.

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
LDL-C < 70 mg/dL 29.9 22.7 33.5 34.0 25.1 26.7 35.2
HbA1C < 7% 16.0 34.4 13.3 14.5 16.9 16.4 25.2
SBP < 140mmHg and DBP < 90mmHg 76.9 100 69.0 69.9 100 78.9 67.5
SBP < 130mmHg and DBP < 80mmHg 39.0 44.1 26.9 30.6 67.5 43.3 28.5
Results are expressed as percentage of persons achieving recommended targets

CKM com., cardiovascular-kidney-metabolic comorbidities; DBP, diastolic blood pressure; HbA1c, glyclated hemoglobin A1c; LDL-C, low density lipoprotein 
cholesterol; SBP, systolic blood pressure

Table 3  Treatments according to clinical risk groups
Number (%) Non-obese

0 CKM com.
Non-obese
1–2 CKM com.

Non-obese
3 CKM com.

Obese
0 CKM com.

Obese
1–2 CKM com.

Obese
3 CKM com.

p-value

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Insulin 252 (94) 511 (77) 92 (68.7) 19 (67.9) 588 (75.6) 203 (87.1) < 0.001
Metformin 21 (7.8) 274 (41.3) 55 (41) 15 (53.6) 607 (78) 104 (44.6) < 0.001
Sulfonylureas 30 (11.2) 171 (25.8) 45 (33.6) 5 (17.9) 175 (22.5) 51 (21.9) < 0.001
SGLT2 inhibitors 6 (2.2) 104 (15.7) 13 (9.7) 2 (7.1) 232 (29.8) 24 (10.3) < 0.001
GLP-1 receptor agonists 2 (0.7) 14 (2.1) 4 (3) 1 (3.6) 52 (6.7) 13 (5.6) < 0.001
DPP4 inhibitors 25 (9.3) 83 (12.5) 20 (14.9) 4 (14.3) 101 (13) 43 (18.5) 0.079
Insulin with oral glucose- lowering drugs 47 (17.5) 262 (39.5) 52 (38.8) 12 (42.9) 503 (64.7) 131 (56.2) < 0.001
ACEi or ARB 4 (1.5) 342 (51.5) 71 (53) 6 (21.4) 592 (76.1) 131 (56.2) < 0.001
APT 6 (2.2) 247 (37.2) 93 (69.4) 4 (14.3) 429 (55.1) 161 (69.1) < 0.001
OAC 2 (0.7) 45 (6.8) 20 (14.9) 3 (10.7) 84 (10.8) 44 (18.9) < 0.001
Beta-blockers 7 (2.6) 288 (43.4) 105 (78.4) 5 (17.9) 490 (63) 191 (82) < 0.001
Alpha-blockers 1 (0.4) 37 (5.6) 26 (19.4) 0 (0) 98 (12.6) 61 (26.2) < 0.001
Calcium channel blockers 2 (0.7) 120 (18.1) 73 (54.5) 0 (0) 270 (34.7) 135 (57.9) < 0.001
Loop diuretics 2 (0.7) 92 (13.9) 68 (50.7) 3 (10.7) 229 (29.4) 170 (73) < 0.001
Non-loop diuretics 1 (0.4) 82 (12.3) 19 (14.2) 3 (10.7) 195 (25.1) 22 (9.4) < 0.001
MRA 2 (0.7) 40 (6) 19 (14.2) 2 (7.1) 84 (10.8) 39 (16.7) < 0.001
Statin 0 (0) 305 (45.9) 110 (82.1) 0 (0) 497 (63.9) 204 (87.6) < 0.001
Fibrate 0 (0) 8 (1.2) 2 (1.5) 0 (0) 17 (2.2) 13 (5.6) < 0.001
Allopurinol 1 (0.4) 69 (10.4) 59 (44) 2 (7.1) 199 (25.6) 139 (59.7) < 0.001
APT, anti-platelet; CKM com., cardiovascular-kidney-metabolic comorbidities; DPP4, dipeptidyl peptidase 4; GLP-1, glucagon-like peptide-1; MRA, mineral receptor 
antagonist; OAC, oral anticoagulant; ACEi– angiotensin converting enzyme inhibitor; ARB– angiotensin receptor blocker; SGLT2, sodium-glucose co-transporter 2

Table 4  Multivariable logistic regression for treatment
Non-obese
0 CKM com.

Non-obese
1–2 CKM com.

Non-obese
3 CKM com.

Obese
0 CKM com.

Obese
1–2 CKM com.

Obese
3 CKM com.

Group 1 Group 2
OR (95% CI)

Group 3
OR (95% CI)

Group 4
OR (95% CI)

Group 5
OR (95% CI)

Group 6
OR (95% CI)

Insulin Ref. 0.75 (0.39–1.47) 0.66 (0.29–1.48) 0.39 (0.12–1.26) 0.87 (0.45–1.70) 1.96 (0.89–4.35)
Metformin Ref. 2.84 (1.57–5.19) 1.68 (0.81–3.50) 4.79 (1.48–15.50) 10.05 (5.47–18.47) 1.46 (0.75–2.83)
Sulfonylureas Ref. 1.34 (0.83–2.16) 1.44 (0.76–2.73) 0.91 (0.28–2.95) 0.94 (0.57–1.55) 0.90 (0.50–1.63)
GLP-1 receptor agonists Ref. 2.25 (0.47–10.86) 4.82 (0.75–30.76) 4.15 (0.34–50.42) 7.40 (1.57–34.81) 8.16 (1.53–43.52)
SGLT2 inhibitors Ref. 2.94 (1.20–7.23) 1.31 (0.45–3.84) 1.18 (0.21–6.63) 4.16 (1.71–10.11) 1.06 (0.39–2.88)
DPP4 inhibitors Ref. 1.14 (0.65–1.98) 1.23 (0.57–2.66) 1.41 (0.43–4.63) 0.90 (0.50–1.62) 1.36 (0.69–2.68)
Insulin with oral glucose-
lowering drugs

Ref. 1.66 (1.10–2.49) 1.11 (0.63–1.97) 1.68 (0.66–4.25) 3.13 (2.04–4.78) 1.71 (1.02–2.84)

APT Ref. 8.61 (3.40-21.85) 18.24 (6.52–51.04) 1.64 (0.28–9.77) 13.36 (5.25–34.02) 12.79 
(4.78–34.24)

OAC Ref. 2.14 (0.28–16.57) 3.25 (0.40-26.61) 10.51 (0.94-117.31) 3.15 (0.41–24.10) 3.45 (0.44–27.29)
APT, anti-platelet; CI, confidence interval; CKM com., cardiovascular-kidney-metabolic comorbidities; DPP4, dipeptidyl peptidase 4; GLP-1, glucagonlike peptide-1; 
OAC, oral anticoagulant; OR, odds ratio; SGLT2, sodium-glucose co-transporter 2

Adjusted for age, sex, type of diabetes, duration of diabetes, previous CAD, current smoking
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regression analysis, both non-obese and obese people 
with 3 CKM comorbidities (Group 3 and Group 6) were 
associated with a higher risk of experiencing the primary 
composite outcome (aHR 4.50, 95% CI 1.20-16.88; and 
aHR 3.78, 95% CI 1.06–13.47, respectively, Table 5).

Interaction analyses
The results of the interaction analyses in metabolically 
“extremely unhealthy” persons are reported in Fig.  3. 
The detrimental effect of the presence of 3 CKM comor-
bidities on the risk of primary composite outcomes was 
consistent regardless of obesity status (Pint=0.824), sex 
(Pint=0.713), and type of DM (Pint= 0.702). The association 
between metabolically “extremely unhealthy” status and 
risk of the primary outcomes was modified by persons’ 
age (Pint= 0.028): the impact of “extremely unhealthy” sta-
tus appears to be more pronounced in persons aged < 65 
years (HR 2.71, 95% CI 1.74–4.22) compared to older 
individuals (HR 1.37, 95% CI 0.89–2.10).

 

Discussion
This large prospective cohort study demonstrates: (i) In 
this contemporary cohort of people with DM, nearly half 
were non-obese; (ii) Cardiovascular-kidney-metabolic 
comorbidities were frequent amongst people with DM; 
(iii) The risk of primary composite outcomes tended to 
increase progressively with the number of CKM comor-
bidities, regardless of obesity status, with a higher risk 
in people with 3 CKM comorbidities; (iv) In “extremely 
unhealthy” persons, the impact of CKM comorbidities 
in determining the risk of adverse events was consistent 
across sex, obesity, and type of DM. However, it appeared 
more pronounced in persons aged < 65 years compared to 
older adults.

The demographics of type 2 DM is changing, with an 
increased number of non-obese persons, compared to 
the previous decades [8]. In our cohort, approximately 
half (50.6%) of the people were non-obese. These results 
are consistent with a recent meta-analysis that reported 
continuous growth in the incidence of DM amongst 

normal-weight persons since 1985, with an estimated 
increase of 36% every 5 years [10]. Similarly, a French 
national study on hospitalised persons reported a 70% 
prevalence of non-obese people with DM [27].

Importantly, the prevalence of related comorbidities 
was high, with less than one-fifth of the cohort present-
ing with isolated DM. People with a higher burden of 
comorbidities had a longer duration of DM, possibly 
related to a progressive effect of the disease on the micro- 
and macro-vascular system. Non-obese “extremely 
unhealthy” persons were older, and the prevalence of 
metabolically “extremely unhealthy” persons was higher 
in the obese group (22.4% vs. 12.6% in the non-obese 
“extremely unhealthy”). It is known that there is a large 
variation in risk at an individual level to developing obe-
sity-associated comorbid diseases and outcomes, which 
that cannot solely explained by the level of adiposity [28]. 
Also, the term metabolically healthy obesity (normogly-
caemia and absence of dyslipidaemia and hypertension) 
is a contentious topic with the concept considered to be 
transient notion in the natural history of obesity. How-
ever, compared to lean healthy individuals CV disease is 
still higher. Our data clearly demonstrate the additional 
burden to CV risk of CKM comorbidities to either lean or 
obese persons. It may be that a high burden of comorbid-
ities outweighs obesity and adds a greater risk of worse 
outcomes, regardless of obesity itself. Moreover, previ-
ous studies have shown conflicting results concerning the 
“obesity paradox”, defined as a better outcome for obese 
people compared with normal or underweight individu-
als [15, 16, 29–31]. Several explanations have been pro-
posed. BMI may not an accurate measure of adiposity 
and does not distinguish abdominal and visceral fat from 
gluteo-femoral fat, with the latter associated with insulin 
resistance, metabolic disease, and CV complications [32]. 
Body composition changes with age and older persons 
tend to have a decrease in muscle and bone mass, with 
an increased fatty infiltration. Thus, although the overall 
BMI is lower, this body composition may not necessarily 
be favourable. This phenomenon, known as sarcopenic 
obesity, is associated with frailty and increased mortality, 

Table 5  Event count, incidence rates and multivariable Cox regression for the risk of the primary outcome
Event count (%) IR (95% CI) Unadjusted

HR (95% CI)
Adjusted
HR* (95% CI)

Adjusted
HR† (95% CI)

Group 1– non-obese 0 CKM com. 5 (1.9) 7.21 (2.34–16.83) Ref. Ref. Ref.
Group 2– non-obese 1–2 CKM com. 41 (6.2) 21.37 (15.33–28.98) 2.87 (1.13–7.26) 1.79 (0.69–4.66) 2.55 (0.76–8.56)
Group 3– non-obese 3 CKM com. 19 (14.2) 50.26 (30.26–78.49) 7.09 (2.65-19.00) 3.42 (1.19–9.83) 4.50 (1.20-16.88)
Group 4– obese 0 CKM com. 2 (7.1) 24.48 (2.46–88.42) 3.39 (0.66–17.47) 2.30 (0.44–12.07) 2.34 (0.24–22.86)
Group 5– obese 1–2 CKM com. 57 (7.3) 24.63 (18.65–31.91) 3.36 (1.35–8.38) 1.91 (0.74–4.95) 2.62 (0.78–8.79)
Group 6– obese 3 CKM com. 28 (12) 40.35 (26.81–58.32) 5.64 (2.18–14.62) 2.84 (1.03–7.82) 3.78 (1.06–13.47)
CI, confidence interval; CKM com., cardiovascular-kidney-metabolic comorbidities; HR, hazard ratio; IR, incidence rate per 1000 patient-year

*Adjusted for age and sex

†Adjusted for age, sex, duration of diabetes, current smoking, previous CAD
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and could at least partially explain the obesity paradox in 
the elderly [33].

Our results also corroborate previously published data 
and emphasize the role of multimorbidity, defined as two 
or more long-term illnesses or diseases, in everyday clini-
cal practice, with an expected increase due to the aging 
of the population [34]. An US-based outpatient registry 
with more than 500,000 people with DM found that only 
6.4% of the population had no CKM comorbidities, while 
more than half (51%) had ≥ 3 associated conditions, with 
the most common ones being hypertension (83%), dyslip-
idaemia (81%), CAD (32%) and CKD (20%) [35]. Arnold 
et al. included among CKM comorbidities also CAD, 

cerebrovascular disease, peripheral artery disease (PAD), 
atrial fibrillation (AF), HF, and gout, while for the pur-
pose of our analysis, we considered only hypertension, 
dyslipidaemia, and CKD [35]. Notwithstanding some dif-
ferences in the definition of CKM comorbidities, these 
results highlight the high burden of coexisting diseases 
related to DM.

On this basis, the American Heart Association (AHA) 
recently published a presidential advisory about car-
diovascular-kidney-metabolic (CKM) health [36]. The 
proposed definition of CKM syndrome is a systemic 
disorder with pathophysiological interactions among 
metabolic risk factors (i.e. obesity, DM), CKD, and the 

Fig. 2  Kaplan Meier curve for the primary outcome according to the different clinical risk groups. CKM, cardiovascular-kidney-metabolic; Group 1, non-
obese with 0 CKM comorbidities; Group 2, non-obese with 1-2 CKM comorbidities; Group 3, non-obese with 3 CKM comorbidities; Group 4, obese with 
0 CKM comorbidities; Group 5, obese with 1-2 CKM comorbidities; Group 6, obese with 3 CKM comorbidities
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cardiovascular system leading to multiorgan dysfunc-
tion and a high rate of morbidity and mortality. This syn-
drome includes both individuals at risk for CV diseases 
due to the presence of metabolic risk factors or CKD, and 
individuals with existing CV diseases (i.e. AF, CAD, HF, 
stroke, PAD) that are potentially related to or are a com-
plication of metabolic risk factors [36].

Importantly, we found progressively higher risk of the 
primary composite outcome at the increasing number 
of CKM comorbidities, with poor outcomes associated 
with the presence of 3 CKM comorbidities, regardless of 
the obesity status. These results were supported by inter-
action analysis: in “extremely unhealthy” persons, the 
impact of CKM comorbidities in determining the risk of 
adverse events was consistent across the obese and non-
obese subgroups. Our data are concordant with a French 
nationwide cohort study where more than 190,000 peo-
ple with DM hospitalised for any reason were included. 
Non-obese and obese “extremely unhealthy” persons 
were at the highest risk of CV death and major adverse 
cardiovascular events (MACE) [27]. Similarly, Lassale et 
al. showed that the risk of CAD was significantly higher 
in metabolically unhealthy individuals, compared to the 

metabolically healthy ones, for all the different BMI cat-
egories, while among metabolically healthy individuals, 
overweight and obese ones were at higher risk of CAD 
than the normal weight counterparts [37].

In our cohort, among “extremely unhealthy” persons, 
the impact of CKM comorbidities in determining the 
risk of adverse events was also consistent across sex, and 
type of DM. People with type 1 DM mainly belonged to 
the groups less burdened by CKM comorbidities, were 
younger, and with shorter duration of disease. Probably, 
we depicted people with type 1 DM in an “early” phase 
who have a lower risk of adverse events. However, these 
individuals are at a higher (3–10 fold) risk of MI and CV 
death compared to the general population [38, 39], and 
the interaction analysis seems to confirm that the effect 
of comorbidities is not influenced by the type of DM.

The impact of comorbidities appeared more pro-
nounced in persons aged < 65 years compared to older 
individuals. A possible explanation is that older persons 
have an intrinsic high risk of death and CV events, related 
to the coexistence of numerous physiological and patho-
logical conditions and hence the relative contribution of 
CKM comorbidities might be reduced. Conversely, in 

Fig. 3  Interaction analysis on the risk of the primary outcome according to the “extremely unhealthy” status. CI, confidence interval; DM, diabetes mel-
litus; HR, hazard ratio. Adjusted for age, sex, duration of diabetes, current smoking, previous CAD
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younger persons, the “extremely unhealthy” status has a 
more powerful impact on prognosis, since these individ-
uals have a lower baseline risk of adverse events, and the 
presence of CKM comorbidities considerably increases 
the overall risk.

Thus, the preference for cardioprotective glucose-low-
ering agents is crucial to optimise and minimize CV risk 
in all people with DM, particularly in the youngest ones. 
To our knowledge, ours is one of the first analysis with 
granular information about treatment options accord-
ing to obesity status and the presence of comorbidities. 
SGLT2 inhibitors or GLP1 RA are frequently initiated in 
those with high predicted CV risk or selected comorbidi-
ties [36]. SGLT2 inhibitors are now well known to have 
beneficial CV effects both in people with and without 
DM [40]. Their pleiotropic effects are associated with a 
protective impact on kidney function decline, HF hospi-
talizations, and MACE [41–45]. In our cohort, this class 
of drugs was mainly used in non-obese and obese people 
with 1–2 CKM comorbidities, thus, further implementa-
tion is needed to extend its use to “extremely unhealthy” 
persons who may benefit [46]. With respect to GLP1 RA, 
their prescription should be prioritized for those with 
at least grade II obesity (BMI ≥ 35  kg/m2), non-optimal 
glycaemic control, or high insulin dose since their posi-
tive impact on weight loss, HF with preserved ejection 
fraction (HFpEF), reduction in insulin resistance, and in 
MACEs [47–49]. Consistent with the most recent litera-
ture, GLP1 RA, in our cohort, were mainly used in obese 
people with at least 1 CKM comorbidity, although the 
number of persons who received these medications was 
still low (about 6%) and should be further implemented.

Limitations
Our study is observational in design. We did not exclude 
people with previous CV events and included both type 
1 and 2 DM, however this reflects a real-world clinical 
design. Obesity was defined based on BMI, as it is the 
most widely used and easily available parameter. How-
ever, it does not fully capture body composition (e.g. 
abdominal distribution of body fat) and sarcopenia might 
at least partially explain lower body weight, especially in 
older adults. Furthermore, the number of adverse events 
in this cohort was low, thus we could not separately anal-
yse the single components of the composite outcome. 
Finally, despite including multiple covariates in the 
regression analyses, the presence of residual confound-
ing cannot be excluded. Therefore, these results should 
be interpreted with caution, as they report associations 
rather than implying causality.

Conclusion
Both non-obese and obese people with DM with 3 asso-
ciated cardiovascular-kidney-metabolic comorbidities 
represent an “extremely unhealthy” phenotype and are 
at the highest risk of CV adverse events. These results 
highlight the importance of holistic management and an 
interdisciplinary approach.

Abbreviations
CV	� Cardiovascular risk
CKM	� Cardiovascular-kidney-metabolic
MI	� Myocardial infarction
HF	� Heart failure
DM	� Diabetes mellitus
CKD	� Chronic kidney disease
BMI	� Body mass index
DPP4	� Dipeptidyl peptidase 4
GLP1 RA	� Glucagon-like peptide-1 receptor agonists
SGLT2	� Sodium-glucose co-transporter 2
APT	� Antiplatelet
OAC	� Oral anticoagulants
SD	� Standard Deviation
IQR	� Interquartile Range
CAD	� Coronary artery disease
OR	� Odds Ratio
CI	� Confidence Intervals
IR	� Incidence Rate
HR	� Hazard Ratio
aHR	� Adjusted Hazard Ratio
PAD	� Peripheral artery disease
AF	� Atrial fibrillation
MACE	� Major adverse cardiovascular events

Acknowledgements
Not applicable.

Author contributions
O.J., M.M., G.Y.H.L., and K.N. conceived and designed the analysis; K.N., H.K. J.G. 
and G.Y.H.L. designed the study; O.J., H.K., K.I., M.H, J.P, A.O., A.W, P.P., WW, and 
K.N. collected the data. M.M. and S.H.M.L. performed the statistical analysis. 
O.J., M.M., H.K., S.H.M.L.,, G.Y.H.L and K.N. analysed the data. O.J. and M.M. 
drafted the original manuscript. K.I. T.B., S.H.M.L., B.H., G.B., M.H., J.P., A.O., A.W., 
P.P., W.W, edited and revised the manuscript K.N., H.K., U.A, G.Y.H.L and J.G. 
edited, revised the manuscript, and gave relevant intellectual contribution. All 
authors read and approved the final manuscript.

Funding
This research was funded by the Medical University of Silesia, Young Scientists 
Grant No BNW-2-028/N/4/K.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Based on the decision of the Bioethics Committee of the Medical University 
of Silesia in Katowice, the need for ethical approval was waived (decision no. 
PCN/0022/KB/126/20).

Consent for publication
All authors gave consent for the publication of the article.

Competing interests
G.Y.H.L. is a consultant and speaker for BMS/Pfizer, Boehringer Ingelheim, 
Anthos and Daiichi-Sankyo. No fees are received personally. G.Y.H..L is a NIHR 
Senior Investigator and co-PI of the AFFIRMO project on multimorbidity in AF 
(grant agreement No 899871), TARGET project on digital twins for personalised 
management of atrial fibrillation and stroke (grant agreement No 101136244) 



Page 11 of 12Janota et al. Cardiovascular Diabetology          (2024) 23:326 

and ARISTOTELES project on artificial intelligence for management of chronic 
long term conditions (grant agreement No 101080189), which are all funded 
by the EU’s Horizon Europe Research & Innovation programme. G.B. is Study 
Coordinator of ARISTOTELES (Applying ARtificial Intelligence to define clinical 
trajectorieS for personalized predicTiOn and early deTEction of comorbidity 
and muLtimorbidity pattErnS) Grant from Horizon Europe (HORIZON-HLTH-
2022-STAYHLTH-01- Grant 101080189). G.B. received small speaker’s fee from 
Bayer, Boston, Boehringer Ingelheim, Brystol Myers Squibb, Janssen, and 
Sanofi. UA has received honoraria from Eli Lilly, Procter & Gamble, Viatris, 
Grunenthal and Sanofi for educational meetings and funding for attendance 
to an educational meeting from Diiachi Sankyo. UA has also received 
investigator-led funding by Procter & Gamble and is a council member of 
the Royal Society of Medicine's Vascular, Lipid & Metabolic Medicine Section. 
HK received remunerations/fees for activities on behalf of Sanofi-Aventis, Eli 
Lilly, Novo Nordisk, Servier, Astra-Zeneca, Boehringer-Ingelheim. JG received 
remunerations/fees for activities on behalf of Sanofi-Aventis, Eli Lilly, Novo 
Nordisk, Servier, Astra-Zeneca, Boehringer-Ingelheim, Bioton, Polfa Tarchomin, 
Medtronic, Roche, and Abbott. KN received remunerations/fees for activities 
on behalf of Sanofi-Aventis, Eli Lilly, Novo Nordisk, Servier, Astra-Zeneca, 
Boehringer-Ingelheim, Bioton, Polfa Tarchomin, Roche, and Abbott. All other 
authors report no disclosures.

Consent to participate
Not applicable.

Author details
1Department of Internal Medicine, Diabetology and Nephrology, Faculty 
of Medical Sciences in Zabrze, Medical University of Silesia, Katowice, 
Poland
2Doctoral School, Department of Internal Medicine, Diabetology and 
Nephrology, Faculty of Medical Sciences in Zabrze, Medical University of 
Silesia, Katowice, Poland
3Liverpool Centre for Cardiovascular Science, University of Liverpool, 
Liverpool John Moores University and Liverpool Heart and Chest Hospital, 
Liverpool, UK
4Cardiology Division, Department of Biomedical, Metabolic and Neural 
Sciences, University of Modena and Reggio Emilia, Policlinico di Modena, 
Modena, Italy
5Department of General and Specialized Surgery, Sapienza University of 
Rome, Rome, Italy
6Department of Cardiology, the First Affiliated Hospital of Chongqing 
Medical University, Chongqing, China
7Department of Internal Medicine, Diabetology and Nephrology, Faculty 
of Medical Sciences in Zabrze, Student’s Scientific Association, Medical 
University of Silesia, Katowice, Poland
8Diabetes & Endocrinology Research and Pain Research Institute, Institute 
of Life Course and Medical Sciences, University of Liverpool and Liverpool 
University Hospital National Health Service Foundation Trust, Liverpool, 
UK
9Centre for Biomechanics and Rehabilitation Technologies, Staffordshire 
University, Stoke-on-Trent, UK
10Danish Center for Health Services Research, Department of Clinical 
Medicine, Aalborg University, Aalborg, Denmark
11Department of Internal Medicine, Diabetology and Nephrology, 
Medical University of Silesia, Katowice 40-055, Poland

Received: 22 July 2024 / Accepted: 23 August 2024

References
1.	 Kannel WB. Lipids, diabetes, and coronary heart disease: insights from 

the Framingham Study. Am Heart J. 1985;110(5):1100–7. https://doi.
org/10.1016/0002-8703. )90224-8. PubMed PMID: 4061265.

2.	 Leon BM, Maddox TM. Diabetes and cardiovascular disease: Epidemiol-
ogy, biological mechanisms, treatment recommendations and future 
research. World J Diabetes. 2015;6(13):1246–58. https://doi.org/10.4239/wjd.
v6.i13.1246. PubMed PMID: 26468341; PubMed Central PMCID: PMC4600176.

3.	 Klein S, Gastaldelli A, Yki-Järvinen H, Scherer PE. Why does obesity 
cause diabetes? Cell Metab. 2022;34(1):11–20. https://doi.org/10.1016/j.

cmet.2021.12.012. PubMed PMID: 34986330; PubMed Central PMCID: 
PMC8740746.

4.	 Eeg-Olofsson K, Cederholm J, Nilsson PM, Zethelius B, Nunez L, Gudbjörn-
sdóttir S et al. Risk of cardiovascular disease and mortality in overweight 
and obese patients with type 2 diabetes: an observational study in 13,087 
patients. Diabetologia. 2009;52(1):65–73. Epub 20081105. https://doi.
org/10.1007/s00125-008-1190-x. PubMed PMID: 18985314.

5.	 Davies MJ, Aroda VR, Collins BS, Gabbay RA, Green J, Maruthur NM, et al. 
Management of hyperglycemia in type 2 diabetes, 2022. A Consensus Report 
by the American Diabetes Association (ADA) and the European Association 
for the Study of Diabetes (EASD). Diabetes Care. 2022;45(11):2753–86. https://
doi.org/10.2337/dci22-0034. PubMed PMID: 36148880; PubMed Central 
PMCID: PMC10008140.

6.	 Committee ADAPP. 2. Diagnosis and Classification of Diabetes: Standards of 
Care in Diabetes-2024. Diabetes Care. 2024;47(Suppl 1):S20-S42. doi: 10.2337/
dc24-S002. PubMed PMID: 38078589; PubMed Central PMCID: PMC10725812.

7.	 Araszkiewicz A, Bandurska-Stankiewicz E, Borys S, Broncel M, Budzyński A, 
Cyganek K, et al. Standards of Care in Diabetes. The position of diabetes 
Poland– 2024. Curr Top Diabetes. 2023;3(3–4):1–348. https://doi.org/10.5114/
ctd/183052.

8.	 Daousi C, Casson IF, Gill GV, MacFarlane IA, Wilding JP, Pinkney JH. Prevalence 
of obesity in type 2 diabetes in secondary care: association with cardiovascu-
lar risk factors. Postgrad Med J. 2006;82(966):280–4. https://doi.org/10.1136/
pmj.2005.039032. PubMed PMID: 16597817; PubMed Central PMCID: 
PMC2579635.

9.	 Adesoba TP, Brown CC. Trends in the Prevalence of Lean Diabetes, Among US, 
Adults. 2015–2020. Diabetes Care. 2023;46(4):885-9. https://doi.org/10.2337/
dc22-1847. PubMed PMID: 36763508.

10.	 Yu HJ, Ho M, Liu X, Yang J, Chau PH, Fong DYT. Incidence and temporal trends 
in type 2 diabetes by weight status: a systematic review and meta-analysis 
of prospective cohort studies. J Glob Health. 2023;13:04088. https://doi.
org/10.7189/jogh.13.04088. Epub 20230901.

11.	 Gujral UP, Weber MB, Staimez LR, Narayan KMV. Diabetes among Non-
overweight individuals: an emerging Public Health Challenge. Curr Diab Rep. 
2018;18(8):60. https://doi.org/10.1007/s11892-018-1017-1. Epub 20180704.

12.	 Vaag A, Lund SS. Non-obese patients with type 2 diabetes and prediabetic 
subjects: distinct phenotypes requiring special diabetes treatment and 
(or) prevention? Appl Physiol Nutr Metab. 2007;32(5):912–20. https://doi.
org/10.1139/H07-100. PubMed PMID: 18059616.

13.	 Pluta W, Dudzińska W, Lubkowska A. Metabolic Obesity in People with 
Normal Body Weight (MONW)-Review of Diagnostic Criteria. Int J Environ 
Res Public Health. 2022;19(2). Epub 20220106. https://doi.org/10.3390/
ijerph19020624. PubMed PMID: 35055447; PubMed Central PMCID: 
PMC8776153.

14.	 Ruderman NB, Schneider SH, Berchtold P. The metabolically-obese, 
normal-weight individual. Am J Clin Nutr. 1981;34(8):1617–21. https://doi.
org/10.1093/ajcn/34.8.1617. PubMed PMID: 7270486.

15.	 Tobias DK, Pan A, Jackson CL, O’Reilly EJ, Ding EL, Willett WC, et al. Body-mass 
index and mortality among adults with incident type 2 diabetes. N Engl J 
Med. 2014;370(3):233–44. https://doi.org/10.1056/NEJMoa1304501. PubMed 
PMID: 24428469; PubMed Central PMCID: PMC3966911.

16.	 Costanzo P, Cleland JG, Pellicori P, Clark AL, Hepburn D, Kilpatrick ES, et al. The 
obesity paradox in type 2 diabetes mellitus: relationship of body mass index 
to prognosis: a cohort study. Ann Intern Med. 2015;162(9):610–8. https://doi.
org/10.7326/M14-1551. PubMed PMID: 25938991.

17.	 Nabrdalik K, Kwiendacz H, Drożdż K, Irlik K, Hendel M, Wijata AM, et al. 
Machine learning predicts Cardiovascular events in patients with diabetes: 
the Silesia Diabetes-Heart Project. Curr Probl Cardiol. 2023;48(7):101694. 
https://doi.org/10.1016/j.cpcardiol.2023.101694. Epub 20230314.

18.	 Yumuk V, Tsigos C, Fried M, Schindler K, Busetto L, Micic D, et al. European 
Guidelines for Obesity Management in adults. Obes Facts. 2015;8(6):402–24. 
Epub 20151205. doi: 10.1159/000442721. PubMed PMID: 26641646; PubMed 
Central PMCID: PMC5644856.

19.	 Frühbeck G, Toplak H, Woodward E, Yumuk V, Maislos M, Oppert JM, et 
al. Obesity: the gateway to ill health - an EASO position statement on a 
rising public health, clinical and scientific challenge in Europe. Obes Facts. 
2013;6(2):117–20. Epub 20130403. doi: 10.1159/000350627. PubMed PMID: 
23548858; PubMed Central PMCID: PMC5644725.

20.	 Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M, et al. 
2018 ESC/ESH guidelines for the management of arterial hypertension: the 
Task Force for the management of arterial hypertension of the European 
Society of Cardiology and the European Society of Hypertension: the Task 

https://doi.org/10.1016/0002-8703
https://doi.org/10.1016/0002-8703
https://doi.org/10.4239/wjd.v6.i13.1246
https://doi.org/10.4239/wjd.v6.i13.1246
https://doi.org/10.1016/j.cmet.2021.12.012
https://doi.org/10.1016/j.cmet.2021.12.012
https://doi.org/10.1007/s00125-008-1190-x
https://doi.org/10.1007/s00125-008-1190-x
https://doi.org/10.2337/dci22-0034
https://doi.org/10.2337/dci22-0034
https://doi.org/10.5114/ctd/183052
https://doi.org/10.5114/ctd/183052
https://doi.org/10.1136/pmj.2005.039032
https://doi.org/10.1136/pmj.2005.039032
https://doi.org/10.2337/dc22-1847
https://doi.org/10.2337/dc22-1847
https://doi.org/10.7189/jogh.13.04088
https://doi.org/10.7189/jogh.13.04088
https://doi.org/10.1007/s11892-018-1017-1
https://doi.org/10.1139/H07-100
https://doi.org/10.1139/H07-100
https://doi.org/10.3390/ijerph19020624
https://doi.org/10.3390/ijerph19020624
https://doi.org/10.1093/ajcn/34.8.1617
https://doi.org/10.1093/ajcn/34.8.1617
https://doi.org/10.1056/NEJMoa1304501
https://doi.org/10.7326/M14-1551
https://doi.org/10.7326/M14-1551
https://doi.org/10.1016/j.cpcardiol.2023.101694


Page 12 of 12Janota et al. Cardiovascular Diabetology          (2024) 23:326 

Force for the management of arterial hypertension of the European Society 
of Cardiology and the European Society of Hypertension. J Hypertens. 
2018;36(10):1953–2041. doi: 10.1097/HJH.0000000000001940. PubMed PMID: 
30234752.

21.	 Members ATF, ECfPG (CPG), Societies ENC. 2019 ESC/EAS guidelines for the 
management of dyslipidaemias: lipid modification to reduce cardiovascular 
risk. Atherosclerosis. 2019;290:140–205. https://doi.org/10.1016/j.atheroscle-
rosis.2019.08.014. Epub 20190831.

22.	 Group KDIGOKDW. KDIGO 2022 Clinical Practice Guideline for Diabetes Man-
agement in chronic kidney disease. Kidney Int. 2022;102(5S):S1–127. https://
doi.org/10.1016/j.kint.2022.06.008. PubMed PMID: 36272764.

23.	 Group KDIGOKCW. KDIGO 2024 Clinical Practice Guideline for the evaluation 
and management of chronic kidney disease. Kidney Int. 2024;105(4S):S117–
314. https://doi.org/10.1016/j.kint.2023.10.018. PubMed PMID: 38490803.

24.	 Zoccali C, Mallamaci F, Adamczak M, de Oliveira RB, Massy ZA, Sarafidis P, et 
al. Cardiovascular complications in chronic kidney disease: a review from the 
European Renal and Cardiovascular Medicine Working Group of the Euro-
pean Renal Association. Cardiovasc Res. 2023;119(11):2017–32. https://doi.
org/10.1093/cvr/cvad083. PubMed PMID: 37249051; PubMed Central PMCID: 
PMC10478756.

25.	 Ortiz A, Wanner C, Gansevoort R, Council E. Chronic kidney disease as car-
diovascular risk factor in routine clinical practice: a position statement by the 
Council of the European Renal Association. Clin Kidney J. 2023;16(3):403–7. 
https://doi.org/10.1093/ckj/sfac199. Epub 20221011.

26.	 Drożdż K, Nabrdalik K, Kwiendacz H, Hendel M, Olejarz A, Tomasik A, et al. 
Risk factors for cardiovascular disease in patients with metabolic-associated 
fatty liver disease: a machine learning approach. Cardiovasc Diabetol. 
2022;21(1):240. https://doi.org/10.1186/s12933-022-01672-9. Epub 20221112.

27.	 Nabrdalik K, Bisson A, Irlik K, Fauchier G, Ducluzeau PH, Lip GYH et al. Meta-
bolically ‘extremely unhealthy’ obese and non-obese patients with diabetes 
and the risk of cardiovascular events: a French nationwide cohort study. 
Clin Res Cardiol. 2023. Epub 20231204. https://doi.org/10.1007/s00392-023-
02344-8. PubMed PMID: 38047924.

28.	 Blüher M. Metabolically healthy obesity. Endocr Rev. 2020;41(3). https://doi.
org/10.1210/endrev/bnaa004. PubMed PMID: 32128581; PubMed Central 
PMCID: PMC7098708.

29.	 Zhao W, Katzmarzyk PT, Horswell R, Wang Y, Li W, Johnson J, et al. Body mass 
index and the risk of all-cause mortality among patients with type 2 diabetes 
mellitus. Circulation. 2014;130(24):2143–51. https://doi.org/10.1161/CIRCULA-
TIONAHA.114.009098. Epub 20141105.

30.	 Carnethon MR, De Chavez PJ, Biggs ML, Lewis CE, Pankow JS, Bertoni AG, 
et al. Association of weight status with mortality in adults with incident 
diabetes. JAMA. 2012;308(6):581–90. https://doi.org/10.1001/jama.2012.9282. 
PubMed PMID: 22871870; PubMed Central PMCID: PMC3467944.

31.	 Kwon Y, Kim HJ, Park S, Park YG, Cho KH. Body Mass Index-related mortality in 
patients with type 2 diabetes and heterogeneity in obesity Paradox studies: 
a dose-response Meta-analysis. PLoS ONE. 2017;12(1):e0168247. https://doi.
org/10.1371/journal.pone.0168247. Epub 20170103.

32.	 Pray R, Riskin S. The history and faults of the body Mass Index and where 
to look Next: A literature review. Cureus. 2023;15(11):e48230. https://doi.
org/10.7759/cureus.48230. Epub 20231103.

33.	 Mirzai S, Carbone S, Batsis JA, Kritchevsky SB, Kitzman DW, Shapiro MD. 
Sarcopenic Obesity and Cardiovascular Disease: An Overlooked but High-Risk 
Syndrome. Curr Obes Rep. 2024. Epub 20240516. https://doi.org/10.1007/
s13679-024-00571-2. PubMed PMID: 38753289.

34.	 Sinclair AJ, Abdelhafiz AH, Multimorbidity. Frailty and Diabetes in Older 
people-identifying interrelationships and outcomes. J Pers Med. 2022;12(11). 
Epub 20221116. doi: 10.3390/jpm12111911. PubMed PMID: 36422087; 
PubMed Central PMCID: PMC9695437.

35.	 Arnold SV, Kosiborod M, Wang J, Fenici P, Gannedahl G, LoCasale RJ. Burden 
of cardio-renal-metabolic conditions in adults with type 2 diabetes within 
the Diabetes Collaborative Registry. Diabetes Obes Metab. 2018;20(8):2000–3. 
Epub 20180419. doi: 10.1111/dom.13303. PubMed PMID: 29577540.

36.	 Ndumele CE, Rangaswami J, Chow SL, Neeland IJ, Tuttle KR, Khan SS, et 
al. Cardiovascular-kidney-metabolic health: a Presidential Advisory from 

the American Heart Association. Circulation. 2023;148(20):1606–35. Epub 
20231009. doi: 10.1161/CIR.0000000000001184. PubMed PMID: 37807924.

37.	 Lassale C, Tzoulaki I, Moons KGM, Sweeting M, Boer J, Johnson L, et al. 
Separate and combined associations of obesity and metabolic health with 
coronary heart disease: a pan-european case-cohort analysis. Eur Heart J. 
2018;39(5):397–406. https://doi.org/10.1093/eurheartj/ehx448. PubMed 
PMID: 29020414; PubMed Central PMCID: PMC6198928.

38.	 Laing SP, Swerdlow AJ, Slater SD, Burden AC, Morris A, Waugh NR, et al. Mor-
tality from heart disease in a cohort of 23,000 patients with insulin-treated 
diabetes. Diabetologia. 2003;46(6):760–5. https://doi.org/10.1007/s00125-
003-1116-6. Epub 20030528.

39.	 Rawshani A, Franzén S, Eliasson B, Svensson AM, Miftaraj M, McGuire DK, et 
al. Mortality and Cardiovascular Disease in Type 1 and type 2 diabetes. N 
Engl J Med. 2017;376(15):1407–18. https://doi.org/10.1056/NEJMoa1608664. 
PubMed PMID: 28402770.

40.	 Yankah RK, Anku EK, Eligar V, Sodium-Glucose. Cotransporter-2 inhibitors and 
Cardiovascular Protection among patients with type 2 diabetes Mellitus: a 
systematic review. J Diabetes Res. 2024;2024:9985836. Epub 20240511. doi: 
10.1155/2024/9985836. PubMed PMID: 38766320; PubMed Central PMCID: 
PMC11102109.

41.	 Rangaswami J, Bhalla V, de Boer IH, Staruschenko A, Sharp JA, Singh RR, et al. 
Cardiorenal Protection with the newer antidiabetic agents in patients with 
diabetes and chronic kidney Disease: A Scientific Statement from the Ameri-
can Heart Association. Circulation. 2020;142(17):e265–86. Epub 20200928. 
doi: 10.1161/CIR.0000000000000920. PubMed PMID: 32981345.

42.	 Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, et al. Empa-
gliflozin, Cardiovascular outcomes, and mortality in type 2 diabetes. N Engl J 
Med. 2015;373(22):2117–28. Epub 20150917. doi: 10.1056/NEJMoa1504720. 
PubMed PMID: 26378978.

43.	 Wiviott SD, Raz I, Bonaca MP, Mosenzon O, Kato ET, Cahn A, et al. Dapa-
gliflozin and Cardiovascular outcomes in type 2 diabetes. N Engl J Med. 
2019;380(4):347–57. Epub 20181110. doi: 10.1056/NEJMoa1812389. PubMed 
PMID: 30415602.

44.	 McMurray JJV, Solomon SD, Inzucchi SE, Køber L, Kosiborod MN, Martinez FA, 
et al. Dapagliflozin in patients with heart failure and reduced ejection frac-
tion. N Engl J Med. 2019;381(21):1995–2008. Epub 20190919. doi: 10.1056/
NEJMoa1911303. PubMed PMID: 31535829.

45.	 Packer M, Anker SD, Butler J, Filippatos G, Pocock SJ, Carson P, et al. Cardio-
vascular and renal outcomes with Empagliflozin in Heart failure. N Engl J 
Med. 2020;383(15):1413–24. Epub 20200828. doi: 10.1056/NEJMoa2022190. 
PubMed PMID: 32865377.

46.	 Rottura M, Drago SFA, Gianguzzo VM, Molonia A, Pallio G, Scoglio R, et al. 
Chronic kidney disease progression in diabetic patients: real world data in 
general practice. Heliyon. 2024;10(10):e30787. https://doi.org/10.1016/j.
heliyon.2024.e30787. Epub 20240506.

47.	 Hayat J, Shah NP, Agarwala A, Khan MS, Butler J. GLP-1 receptor agonists and 
Cardiovascular Disease: what do clinicians need to know? Curr Atheroscler 
Rep. 2024. Epub 20240529. https://doi.org/10.1007/s11883-024-01214-6. 
PubMed PMID: 38809399.

48.	 Marso SP, Bain SC, Consoli A, Eliaschewitz FG, Jódar E, Leiter LA, et al. Sema-
glutide and Cardiovascular outcomes in patients with type 2 diabetes. N Engl 
J Med. 2016;375(19):1834–44. Epub 20160915. doi: 10.1056/NEJMoa1607141. 
PubMed PMID: 27633186.

49.	 Colhoun HM, Lingvay I, Brown PM, Deanfield J, Brown-Frandsen K, Kahn SE, et 
al. Long-term kidney outcomes of semaglutide in obesity and cardiovascular 
disease in the SELECT trial. Nat Med. 2024. https://doi.org/10.1038/s41591-
024-03015-5. Epub 20240525.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1016/j.atherosclerosis.2019.08.014
https://doi.org/10.1016/j.atherosclerosis.2019.08.014
https://doi.org/10.1016/j.kint.2022.06.008
https://doi.org/10.1016/j.kint.2022.06.008
https://doi.org/10.1016/j.kint.2023.10.018
https://doi.org/10.1093/cvr/cvad083
https://doi.org/10.1093/cvr/cvad083
https://doi.org/10.1093/ckj/sfac199
https://doi.org/10.1186/s12933-022-01672-9
https://doi.org/10.1007/s00392-023-02344-8
https://doi.org/10.1007/s00392-023-02344-8
https://doi.org/10.1210/endrev/bnaa004
https://doi.org/10.1210/endrev/bnaa004
https://doi.org/10.1161/CIRCULATIONAHA.114.009098
https://doi.org/10.1161/CIRCULATIONAHA.114.009098
https://doi.org/10.1001/jama.2012.9282
https://doi.org/10.1371/journal.pone.0168247
https://doi.org/10.1371/journal.pone.0168247
https://doi.org/10.7759/cureus.48230
https://doi.org/10.7759/cureus.48230
https://doi.org/10.1007/s13679-024-00571-2
https://doi.org/10.1007/s13679-024-00571-2
https://doi.org/10.1093/eurheartj/ehx448
https://doi.org/10.1007/s00125-003-1116-6
https://doi.org/10.1007/s00125-003-1116-6
https://doi.org/10.1056/NEJMoa1608664
https://doi.org/10.1016/j.heliyon.2024.e30787
https://doi.org/10.1016/j.heliyon.2024.e30787
https://doi.org/10.1007/s11883-024-01214-6
https://doi.org/10.1038/s41591-024-03015-5
https://doi.org/10.1038/s41591-024-03015-5

	﻿Metabolically “extremely unhealthy” obese and non-obese people with diabetes and the risk of cardiovascular adverse events: the Silesia Diabetes - Heart Project
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design
	﻿Definition of clinical risk groups
	﻿Follow-up and adverse events
	﻿Statistical analysis

	﻿Results
	﻿Treatments
	﻿Risk of adverse events
	﻿Interaction analyses

	﻿Discussion
	﻿Limitations

	﻿Conclusion
	﻿References


