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Abstract
Background  Cardio-Kidney-Metabolic (CKM) syndrome results from the complex interaction of cardiovascular, renal 
and metabolic comorbidities. Data on the epidemiology and clinical impact of the CKM syndrome in patients with 
atrial fibrillation (AF) are limited. We evaluated CKM domains and their impact in a real-world cohort of patients with 
AF.

Methods  From the prospective global GLORIA-AF Registry phase III study, we defined CKM domains according to 
cardiovascular, renal and metabolic comorbidities or conditions in patients with AF and CHA2DS2-VASc score ≥ 1. We 
analysed the association of the number and groups of CKM domains with use of oral anticoagulant (OAC) and the 
risk of major outcomes via multiple-adjusted regression analyses. Our primary outcome was a composite of all-cause 
death and major adverse cardiovascular events.

Results  16,070 patients (age 70.1 ± 10.4 years, 45.2% females) were included; 1931 (12.0%) presented with all 3 CKM 
domains, with substantial geographical variation in the distribution of CKM domains. OAC use increased with the 
number of CKM domains (Odds Ratio [OR] and 95% Confidence Intervals [CI]: 1.40 [1.14–1.72] and 1.38 [1.07–1.78] 
for 2 vs. 0 and 3 vs. 0 CKM domains, respectively). Over a 3-year follow-up, the incidence of the primary composite 
outcome increased with the number of CKM domains, with highest hazard observed in patients with 3 domains 
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Introduction
The Cardio-Kidney-Metabolic (CKM) syndrome, also 
referred to as cardio-renal-metabolic syndrome, is the 
result of the complex interaction of metabolic risk fac-
tors, chronic kidney disease, and cardiovascular diseases. 
The CKM syndrome predisposes to end-organ damage, 
and is responsible for a significant proportion of cardio-
vascular mortality worldwide [1, 2]. Importantly, CKM 
syndrome is progressive in nature, and can be classified 
into five stages, from absence of CKM risk factors (stage 
0) to clinically-evident cardiovascular disease, occurring 
in the context of other CKM conditions (stage 4) [2].

Atrial fibrillation (AF), one of the late-stage clinical 
manifestations of the CKM syndrome [2], predisposes 
to mortality and the occurrence of other cardiovascu-
lar diseases, including stroke, thromboembolism and 
heart failure [3]. Historically, the burden of cardiovas-
cular risk factors has been directly associated with the 
risk of adverse outcomes in patients with AF [4, 5]. More 
recently, the contribution of multimorbidity and “clini-
cal complexity” on the trajectories of patients with AF 
has been acknowledged and reported [6-9]. For these 
reasons, increasing attention has been posed to the inte-
grated and holistic management of patients with AF, in 
order to improve their prognosis [10].

Although AF is usually considered at the end of the 
CKM spectrum, whether the trajectories of patients with 
established AF are influenced by CKM syndrome (and 
therefore, CKM components) is not known.

In this study, we analyzed the association of CKM 
domains with the management and clinical outcomes of a 
contemporary cohort of patients with AF enrolled in the 
GLORIA-AF Registry Phase III.

Materials and methods
We analyzed data from the GLORIA-AF Registry, an 
international, prospective, multicentre registry pro-
gramme structured in 3 phases, designed to assess 
the real-world long-term efficacy and safety of dabi-
gatran etexilate in patients with a recent diagnosed AF. 
Full details on the study design, study procedures and 
primary results of GLORIA-AF registry were already 
reported elsewhere [11–14]. For this analysis, we con-
sidered only the phase III of the registry, which enrolled 

adult patients (age ≥ 18) with a recent diagnosis of non-
valvular AF (i.e. within 3 months, or within 4.5 months in 
Latin America), and a CHA2DS2-VASc score ≥ 1 between 
2014 and 2016. Main exclusion criteria were AF due to a 
reversible cause, presence of a mechanical heart valve (or 
patients expected to undergo valve replacement), previ-
ous treatment with vitamin K antagonist (VKA) for > 60 
days during their lifetime, other clinical indications for 
OAC, or a limited life expectancy (< 1 year). Approval 
of the study protocol was provided by local institutional 
review boards at each participating centre, and written 
informed consent was obtained from all patients. The 
study was conducted according to the Declaration of Hel-
sinki and the Good Clinical Practice.

For the purposes of this analysis, we included only 
patients with complete data on i) the conditions defining 
each CKM domain and ii) the primary composite out-
come (see below).

Definition of the CKM syndrome and its component
To define components of the CKM syndrome, we con-
sidered data on clinical characteristics and comorbidities 
as collected at baseline visit by the study investigators, 
according to the definition used in the standardized case 
report forms. We considered the following “domains” of 
CKM syndrome, along with their qualifying criteria:

 	• Cardiovascular domain: presence of coronary artery 
disease (CAD), congestive heart failure (CHF; 
irrespective of ejection fraction), peripheral artery 
disease (PAD), or a history of stroke/transient 
ischemic attack (TIA);

 	• Kidney domain: a Creatinine Clearance (CrCl) < 60 
ml/min, as calculated by the Cockroft-Gault formula;

 	• Metabolic domain: a body mass index (BMI) ≥ 25 
kg/m2 (i.e., overweight or obesity status), diabetes 
mellitus, or hyperlipidemia.

Any patient presenting with at least one of the conditions 
or diseases listed above was considered as having that 
domain (i.e., component) of the CKM syndrome.

For subsequent analyses, we also considered the follow-
ing variables:

(Hazard Ratio [HR] and 95%CI: 1.69 [1.20–2.37]). Among groups of CKM domains, those characterized by the kidney 
domain showed the highest association with the risk of clinical outcomes.

Conclusions  In patients with AF, CKM domains are commonly found, and their prevalence is heterogeneous across 
geographical regions. CKM syndrome influences OAC use and had detrimental prognostic effects, with an increasing 
risk of all-cause death and MACE as the burden of CKM domains increased.

Keywords  Cardio-kidney-metabolic syndrome, Cardio-renal-metabolic syndrome, Atrial fibrillation, Clinical 
complexity
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 	– Numbers of CKM domains: either 0, 1, 2, or 3 
domains

 	– Groups of CKM: patients with none (0) domains 
of the CKM syndrome; patients with only 
cardiovascular, kidney, or metabolic domain; patients 
with cardiovascular and kidney (cardio-kidney), 
cardiovascular and metabolic (cardio-metabolic) or 
kidney and metabolic (kidney-metabolic) domains; 
patients with all domains (cardio-kidney metabolic).

To analyze the associations of the number of CKM 
domains and CKM groups with the management of 
patients with AF, we considered treatments received at 
baseline. We considered antithrombotic use (i.e. use of 
OAC and type of OAC, either a VKA or a non-vitamin K 
antagonist oral anticoagulant [NOAC]), other drugs (i.e., 
angiotensin converting enzyme [ACE] inhibitors, angio-
tensin receptor blockers [ARB], diuretics, beta-blockers 
[either selective or non-selective], digoxin, verapamil/
diltiazem, propafenone, flecainide, amiodarone, droneda-
rone, other antiarrhythmic drugs, statins, insulin and oral 
hypoglycaemic agents) and interventional procedures 
(AF ablation and cardioversion), as collected at baseline.

Follow-up and outcomes
All patients recruited in the phase III of the GLORIA-
AF registry underwent a 3-year follow-up, in which the 
incidence of major outcomes was recorded. For the pur-
poses of this analysis, we evaluated the following out-
comes, according to number of CKM domains, and CKM 
groups:

 	• All-cause mortality;
 	• Major adverse cardiovascular events (MACE, 

defined as the composite of cardiovascular death, 
stroke, and myocardial infarction);

 	• Thromboembolism (defined as a composite of 
stroke, TIA and other, non-central nervous system 
thromboembolism);

 	• Major Bleeding (defined as a life-threatening or 
fatal bleeding, symptomatic bleeding in a critical 
organ, or a bleeding associated with a haemoglobin 
reduction of ≥ 20 g/L or leading to ≥ 2 units of blood 
transfusion).

For this analysis, we considered the composite of all-
cause death and MACE as our primary outcome, and 
evaluated the other outcomes as exploratory secondary 
outcomes.

Statistical analysis
Continuous variables were reported as either 
mean ± standard deviation (SD) or median and interquar-
tile range [IQR], and were compared with parametric or 

non-parametric tests, respectively. Frequencies (percent-
ages) were used to represent categorical variables, which 
were compared with chi-square test.

The association of geographical region of recruitment 
(i.e., Europe, North America, Asia or Latin America) 
with odds of presenting with each CKM domain was ana-
lyzed using multiple-adjusted logistic regression mod-
els. We defined a base set of covariates for adjustments, 
which included the components of the CHA2DS2-VASc 
score (i.e., age class [< 65, 65–75, or ≥ 75 years], sex, arte-
rial hypertension, diabetes mellitus, CHF, CAD, PAD, 
and history of stroke/TIA), BMI, CrCl, type of AF (either 
paroxysmal, persistent or permanent), history of previ-
ous bleeding, and hyperlipidemia; then, for each CKM 
domain, we fitted a logistic regression model adjusted 
for all those covariates, except those used to define that 
domain (i.e., for the regression on cardiovascular domain, 
we excluded from covariates CHF, CAD, PAD and history 
of stroke/TIA; for the kidney domain, we excluded CrCl; 
for the metabolic domain, we excluded diabetes, BMI and 
hyperlipidemia). Results were reported as Odds Ratio 
(OR) and 95% Confidence Intervals (CI).

The odds of receiving an oral anticoagulant (OAC), 
and NOACs vs. VKAs in patients prescribed an OAC, 
were analyzed using multiple-adjusted logistic regres-
sion models. Covariates included the components of the 
CHA2DS2-VASc score, geographical region of recruit-
ment, BMI, CrCl, type of AF, history of previous bleed-
ing, and hyperlipidemia. Results were reported as OR 
and 95%CI.

For the primary composite outcome of all-cause death 
and MACE, we assessed Kaplan–Meier curves accord-
ing to numbers of CKM domains and CKM groups, and 
compared survival distributions using log-rank test; p 
values were adjusted with Benjamini–Hochberg method. 
For groups of CKM, we represented survival curves in 
cardiovascular, kidney, and metabolic panels, to improve 
visualization.

For all outcomes we reported incidence rate (IR) per 
100 patients/year and 95%CI, according to number of 
CKM domains and CKM groups. We also performed 
multiple-adjusted Cox regressions to evaluate the haz-
ard of the primary and secondary outcomes. Covariates 
included were components of the CHA2DS2-VASc score, 
geographical region of recruitment, BMI, CrCl, type of 
AF, history of previous bleeding, hyperlipidemia and 
use of OAC at baseline. Results were reported as Hazard 
Ratio (HR) and 95%CI.

We finally performed a sensitivity analysis, by applying 
more restrictive definitions to the kidney and metabolic 
domains (i.e., CrCl < 30 ml/min instead of < 60 ml/min for 
the kidney domain; BMI ≥ 30 kg/m2 instead of ≥ 25 kg/m2, 
along with the other criteria, for the metabolic domain), 
and we evaluated the associations with the primary 
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outcome according to the recalculated number of CKM 
domains and CKM groups.

A two-sided p < 0.05 was considered statistically signifi-
cant. All analyses were performed using R 4.3.1 (R Core 
Team 2020, Vienna, Austria).

Results
Of 21,300 eligible patients enrolled in the GLORIA-AF 
Phase III registry, 16,070 (75.4%; age 70.1 ± 10.4 years, 
45.2% females) who had complete information on vari-
ables used to define CKM domains and the primary 
composite outcome were included in this analysis. Base-
line characteristics according to the numbers of CKM 
domains and CKM groups are reported in Tables 1 and 
S1 in supplementary materials. Cardiovascular, kid-
ney and metabolic domains were found in 46.3%, 29.1% 
and 81.9% of patients, respectively. Overall, 983 (6.1%) 
patients had 0 CKM domains; 6818 (42.4%) had 1 

domain, 6338 (39.4%) had 2 domains, and 1931 (12.0%) 
had all the 3 domains.

Among groups of CKM, the metabolic only (5535, 
34.4%) and the cardio-metabolic (4326, 26.9%) were the 
most prevalent. Patients with a higher number of CKM 
domains were older, more likely females, and with a 
high prevalence of most cardiovascular and non-cardio-
vascular comorbidities. They also showed higher mean 
CHA2DS2-VASc scores (Table  1). Similar results were 
observed when stratifying patients according to group of 
CKM (Table S1), with burden of comorbidities and risk 
factors that increased in the more complex groups.

Geographical distribution of CKM
Distributions of CKM domains, number and groups 
according to geographical regions are reported in Fig. 1. 
The prevalence of cardiovascular domain was similar 
across all regions. Conversely, kidney domain was more 
prevalent in Asia (31.9%) and Latin America (38.4%), 

Table 1  Baseline Characteristics according to number of CKM Domains at baseline
Variables 0 CKM Domain 

(n = 983)
1 CKM Domain 
(n = 6818)

2 CKM Domains 
(n = 6338)

3 CKM Domains 
(n = 1931)

P

Age, mean (SD) 65.6 (10.2) 67.8 (10.1) 70.9 (10.1) 78.0 (7.2)  < 0.001
Female Sex, n (%) 482/983 (49.0) 3118/6818 (45.7) 2660/6338 (42.0) 996/1931 (51.6)  < 0.001
BMI, median [IQR] 23.1 [21.8–24.2] 28.2 [24.9–32.5] 28.0 [25.2–31.9] 26.5 [24.2–29.3]  < 0.001
Region, n (%)  < 0.001
North America 135/983 (13.7) 1781/6818 (26.1) 1668/6338 (26.3) 485/1931 (25.1)
Europe 414/983 (42.1) 3345/6818 (49.1) 3070/6338 (48.4) 978/1931 (50.6)
Asia 395/983 (40.2) 1347/6818 (19.8) 1222/6338 (19.3) 324/1931 (16.8)
Latin America 39/983 (4.0) 345/6818 (5.1) 378/6338 (6.0) 144/1931 (7.5)
AF Type, n (%)  < 0.001
Paroxysmal AF 654/983 (66.5) 4054/6818 (59.5) 3465/6338 (54.7) 1037/1931 (53.7)
Persistent AF 294/983 (29.9) 2266/6818 (33.2) 2238/6338 (35.3) 662/1931 (34.3)
Permanent AF 35/983 (3.6) 498/6818 (7.3) 635/6338 (10.0) 232/1931 (12.0)
Symptoms, n (%)
EHRA III-IV 339/983 (34.5) 2144/6818 (31.4) 2151/6338 (33.9) 685/1931 (35.5) 0.001
Medical History, n (%)
Hypertension 516/982 (52.5) 4971/6809 (73.0) 4884/6334 (77.1) 1631/1931 (84.5)  < 0.001
Heart Failure 0/983 (0.0) 258/6818 (3.8) 2384/6338 (37.6) 920/1931 (47.6)  < 0.001
CAD 0/983 (0.0) 169/6818 (2.5) 2042/6338 (32.2) 897/1931 (46.5)  < 0.001
Diabetes Mellitus 0/983 (0.0) 1369/6818 (20.1) 1756/6338 (27.7) 681/1931 (35.3)  < 0.001
Hyperlipidemia 0/983 (0.0) 2264/6818 (33.2) 3033/6338 (47.9) 1230/1931 (63.7)  < 0.001
PAD 0/983 (0.0) 18/6818 (0.3) 311/6338 (4.9) 163/1931 (8.4)  < 0.001
Previous Stroke/TIA 0/983 (0.0) 196/6818 (2.9) 1557/6338 (24.6) 688/1931 (35.6)  < 0.001
Previous Bleeding 30/968 (3.1) 298/6753 (4.4) 414/6253 (6.6) 158/1900 (8.3)  < 0.001
Chronic Obstructive Pulmonary Disease 39/975 (4.0) 316/6790 (4.7) 467/6309 (7.4) 192/1918 (10.0)  < 0.001
Dementia 3/975 (0.3) 14/6797 (0.2) 45/6308 (0.7) 33/1919 (1.7)  < 0.001
History of Cancer 86/970 (8.9) 675/6762 (10.0) 627/6290 (10.0) 264/1916 (13.8)  < 0.001
Creatinine Clearance ≥ 60 ml/min 983/983 (100.0) 6081/6818 (89.2) 4326/6338 (68.3) 0/1931 (0.0)  < 0.001
Risk scores
CHA2DS2-VASc, mean (SD) 1.9 (0.9) 2.5 (1.1) 3.7 (1.4) 4.9 (1.4)  < 0.001
HAS-BLED, mean (SD) 1.0 (0.8) 1.1 (0.8) 1.6 (0.9) 2.0 (0.9)  < 0.001
BMI, Body Mass Index; CAD, Coronary Artery Disease; EHRA, European Heart Rhythm Association; IQR, Interquartile Range; PAD, Peripheral Artery Disease; SD, 
Standard Deviation; TIA, Transient Ischemic Attack
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while the metabolic domain was least represented in 
Asia (65.0%) and most prevalent in North America 
(91.8%). On multiple-adjusted regression analysis, com-
pared to patients recruited in Europe, Asian patients 
showed higher odds of presenting with the cardiovascu-
lar and kidney domains (OR [95%CI]: 1.28 [1.17–1.40] 
and 1.13 [1.01–1.27], respectively), and lower odds of 
presenting with the metabolic domain (OR [95%CI]: 

0.38 [0.34–0.42]). Patients recruited in Latin America 
showed higher odds of presenting with kidney domain 
(OR [95%CI]: 1.62 [1.36–1.94], while patients recruited 
in North America had higher odds of presenting with the 
metabolic domain (OR [95%CI]: 1.75 [1.53–2.01]) (Fig. 
S1).

Compared to other regions, patients recruited in Asia 
more commonly presented with 0 CKM domains (12.0% 

Fig. 1  CKM domains, number of CKM domains and CKM groups according to geographical region of recruitment. CKM, Cardio-Kidney-Metabolic
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vs. 5.3% in Europe, 3.3% in North America, and 4.3% in 
Latin America); conversely, North American showed 
higher prevalence of the metabolic only and cardio-met-
abolic groups (40.3% vs. 35.7% and 31.9% vs. 26.7% in 
North America and Europe, respectively). The prevalence 

of all CKM domains combined was highest in patients 
recruited in Latin America (15.9%) (Fig. 1).

Treatments according to number of CKM domains and 
CKM groups
Antithrombotic use is reported in Fig.  2. Compared to 
patients with 0 CKM domains, OAC were more used in 
patients with 1, 2 or 3 CKM domains (72.1% vs. 83.2%, 
83.4% and 83.7%, respectively). Use of OAC was numeri-
cally higher in all groups characterized by the metabolic 
domain of CKM; conversely, the use of antiplatelet drugs 
was more commonly observed in the cardiovascular only 
and cardio-kidney groups (22.0% vs. 18.0%, respectively).

On multiple-adjusted logistic regression analysis, 
increasing number of CKM domains was associated 
with higher odds of receiving OAC, although differences 
were statistically significant only for 2 vs. 0 domains 
(OR [95%CI]: 1.40 [1.14–1.72]) and 3 vs. 0 domains 
(OR [95%CI]: 1.38 [1.07–1.78]) (Table  2). Compared to 
patients without any CKM domain, all groups were asso-
ciated with higher odds of receiving OAC at baseline, 
except for the metabolic only and cardio-kidney groups 
(Table 2). Among patients who received an OAC, no sta-
tistically significant differences were observed for NOAC 
vs. VKA use according to numbers of CKM domains or 
groups of CKM (Table 2). Prevalences of the use of other 

Table 2  Multiple-adjusted Logistic Regression model on OAC 
use and NOAC vs. VKA use according to number and groups of 
CKM

OAC vs. non-OAC 
use Odds Ratio 
[95%CI]

NOAC vs. VKA 
use Odds 
Ratio [95%CI]

Number of CKM domains
0 CKM Domain Ref Ref
1 CKM Domain 1.18 [0.99–1.40] 0.98 [0.81–1.19]
2 CKM Domains 1.40 [1.14–1.72] 0.98 [0.79–1.22]
3 CKM Domains 1.38 [1.07–1.78] 0.91 [0.70–1.19]
Groups of CKM
None Ref Ref
Cardiovascular Only 1.54 [1.15–2.05] 0.84 [0.62–1.15]
Kidney Only 1.41 [1.09–1.82] 0.95 [0.73–1.23]
Metabolic Only 1.11 [0.92–1.33] 1.05 [0.85–1.28]
Cardio-Kidney 1.19 [0.89–1.59] 0.94 [0.69–1.27]
Cardio-Metabolic 1.64 [1.28–2.10] 1.18 [0.92–1.52]
Kidney-Metabolic 1.35 [1.06–1.72] 0.85 [0.67–1.07]
Cardio-Kidney-Metabolic 1.53 [1.16–2.01] 0.97 [0.74–1.28]
CI, Confidence Interval; CKM, Cardio-Kidney-Metabolic; NOAC, Non-vitamin 
K antagonist oral anticoagulant; OAC, Oral Anticoagulant; VKA, vitamin K 
antagonist

Fig. 2  Use of antithrombotics according to number of CKM domains and CKM groups. NOAC, Non-vitamin K antagonist oral anticoagulant; VKA, Vitamin 
K Antagonist
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drugs and treatments are reported in Tables S2 and S3 in 
Supplementary Materials.

Clinical outcomes according to number of CKM domains 
and CKM groups
Over a median follow-up of 3.0 [2.9–3.1] years, the 
cumulative incidence of the primary composite out-
come increased with the number of CKM domains, 
being highest in patients with 3 CKM domains (Fig.  3). 
Among groups of CKM, patients in the cardio-kidney 

and cardio-kidney-metabolic groups showed the highest 
incidence of the primary outcome (Fig. 4).

On multiple-adjusted Cox regression analyses, a higher 
number of CKM domains was associated with higher 
hazard of the primary composite outcome of all-cause 
death and MACE (HR [95%CI]: 1.37 [1.01–1.84], 1.40 
[1.03–1.91] and 1.69 [1.20–2.37] for 0 vs. 1, 0 vs. 2 and 0 
vs. 3 domains, respectively; Table 3). Similar results were 
observed for all-cause death, MACE and thromboembo-
lism (although with statistical significance only for 3 vs. 

Fig. 3  Kaplan–Meier curves for the primary composite outcome of all-cause death and MACE, according to number of CKM Domains. Log-Rank p = 0.002 
for 0 vs. 1 Domain; < 0.001 for all other comparisons
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0 domains for the latter two outcomes). No differences 
were observed for major bleeding.

Compared to patients without any CKM domain, all 
groups showed higher hazard of the primary composite 

outcome, except for the metabolic only and cardio-
metabolic groups; highest magnitude of risk increase 
was observed for the kidney only group (HR [95%CI]: 
2.13 [1.51–3.01]; Table 3). Similar results were observed 

Table 3  Multiple-adjusted Cox Regressions on the risk of Major Outcomes according to number of CKM domains and CKM groups
All-Cause Death and 
MACE IR [95%CI] HR 
[95%CI]

All-Cause Death IR 
[95%CI] HR [95%CI]

MACE IR [95%CI] HR 
[95%CI]

Thromboembo-
lism IR [95%CI] HR 
[95%CI]

Major Bleed-
ing IR [95%CI] 
HR [95%CI]

Number of CKM Domains
0 CKM Domain 1.7 [1.3–2.3]

Ref
1.1 [0.7–1.5]
Ref

0.9 [0.6–1.4]
Ref

0.7 [0.4–1.0]
Ref

0.7 [0.4–1.0]
Ref

1 CKM Domain 2.7 [2.5–3.0]
1.37 [1.01–1.84]

1.9 [1.7–2.1]
1.50 [1.03–2.17]

1.4 [1.3–1.6]
1.34 [0.89–2.02]

1.0 [0.9–1.1]
1.39 [0.86–2.26]

1.0 [0.8–1.1]
1.13 [0.68–1.85]

2 CKM Domains 5.1 [4.8–5.5]
1.40 [1.03–1.91]

3.8 [3.5–4.1]
1.51 [1.03–2.21]

2.7 [2.4–2.9]
1.31 [0.85–2.01]

1.6 [1.4–1.8]
1.44 [0.86–2.40]

1.5 [1.3–1.7]
1.25 [0.74–2.11]

3 CKM Domains 11.3 [10.4–12.3]
1.69 [1.20–2.37]

9.0 [8.2–9.8]
1.75 [1.15–2.65]

6.5 [5.8–7.3]
1.81 [1.14–2.89]

3.0 [2.5–3.5]
1.81 [1.02–3.22]

2.3 [1.9–2.8]
1.14 [0.62–2.09]

Groups of CKM
None 1.7 [1.3–2.3]

Ref
1.1 [0.7–1.5]
Ref

0.9 [0.6–1.4]
Ref

0.7 [0.4–1.0]
Ref

0.7 [0.4–1.0]
Ref

Cardiovascular Only 5.1 [4.0–6.4]
1.57 [1.07–2.29]

3.4 [2.5–4.5]
1.54 [0.97–2.45]

2.9 [2.1–4.0]
1.63 [0.98–2.72]

1.9 [1.3–2.7]
1.89 [1.01–3.54]

0.9 [0.5–1.6]
1.30 [0.62–2.72]

Kidney Only 5.7 [4.7–6.9]
2.13 [1.51–3.01]

4.6 [3.7–5.7]
2.44 [1.60–3.70]

2.6 [1.9–3.4]
2.03 [1.25–3.29]

1.8 [1.2–2.5]
2.03 [1.15–3.59]

1.1 [0.7–1.7]
0.95 [0.50–1.81]

Metabolic Only 2.1 [1.9–2.4]
1.05 [0.77–1.44]

1.4 [1.3–1.6]
1.15 [0.78–1.69]

1.2 [1.0–1.4]
1.04 [0.68–1.59]

0.8 [0.7–1.0]
1.08 [0.65–1.80]

1.0 [0.8–1.1]
1.10 [0.66–1.85]

Cardio-Kidney 9.7 [8.2–11.3]
1.85 [1.30–2.64]

7.8 [6.5–9.3]
1.95 [1.27–3.00]

5.0 [3.9–6.2]
1.90 [1.17–3.09]

2.7 [2.0–3.7]
2.02 [1.11–3.69]

2.1 [1.5–3.0]
1.69 [0.89–3.21]

Cardio-Metabolic 4.6 [4.2–5.0]
1.12 [0.80–1.56]

3.3 [3.0–3.6]
1.18 [0.78–1.77]

2.5 [2.2–2.8]
1.04 [0.66–1.64]

1.5 [1.3–1.7]
1.36 [0.78–2.38]

1.3 [1.1–1.6]
1.18 [0.66–2.11]

Kidney-Metabolic 4.8 [4.2–5.6]
1.55 [1.10–2.17]

3.7 [3.1–4.4]
1.70 [1.12–2.56]

2.3 [1.8–2.8]
1.44 [0.90–2.29]

1.4 [1.0–1.8]
1.29 [0.74–2.27]

1.8 [1.4–2.3]
1.22 [0.69–2.14]

Cardio-Kidney-Metabolic 11.3 [10.4–12.3]
1.70 [1.21–2.40]

9.0 [8.2–9.8]
1.76 [1.16–2.68]

6.5 [5.8–7.3]
1.83 [1.14–2.93]

3.0 [2.5–3.5]
1.93 [1.08–3.45]

2.3 [1.9–2.8]
1.15 [0.62–2.14]

CI, Confidence Intervals; CKM, Cardio-Kidney-Metabolic; HR, Hazard Ratio; IR, Incidence Rate, MACE, Major Adverse Cardiovascular Events; Ref., Reference

Fig. 4  Kaplan–Meier curves for the primary composite outcome of all-cause death and MACE, according to groups of CKM. Panel A: Groups with Car-
diovascular Domain; Panel B: Groups with Kidney Domain; Panel C: Groups with Metabolic Domain. Log-Rank p: 0.210 for none vs. metabolic only 
group; < 0.001 for all other groups vs. none
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for all-cause death. The kidney only, cardio-kidney, and 
cardio-kidney-metabolic groups also showed higher risk 
of MACE and thromboembolism. No differences were 
observed for major bleeding (Table 3).

Sensitivity analyses
Results of the sensitivity analyses using more stringent 
criteria for the definition of CKM domains are reported 
in Table S4 in Supplementary Materials. Using alternate 
definitions, kidney and metabolic domains were found in 
486 (3.0%) and 10,188 (63.4%) of patients, respectively. 
Broadly similar results for the association of number of 
CKM domains and CKM groups with risk of the primary 
outcome were obtained using the alternative definitions 
of kidney or metabolic domains (Table S4), although with 
some evidence of a diluted association for patients with 
less CKM domains, and greater association for groups of 
CKM which included kidney domain.

Discussion
In this analysis from a contemporary prospective registry 
of patients with AF, our principal results are as follows: 
1) components of the CKM syndrome were commonly 
found in patients with recently diagnosed AF, with sig-
nificant geographical variation in the prevalence of the 
different CKM domains; 2) OAC use increased with the 
number of CKM domains, and was heterogeneously 
associated with groups of CKM, while no difference was 
observed for NOAC vs. VKA use according to CKM at 
adjusted regression analyses; 3) an increasing number 
of CKM domains was associated with higher incidence 
of major outcomes, including all-cause death, MACE 
and thromboembolism; the cardio-kidney and cardio-
kidney-metabolic groups showed the highest cumula-
tive incidence of all outcomes, while no differences were 
observed for major bleeding.

The concept of “cardio-kidney-metabolic” health was 
introduced to identify the connection among metabolic 
conditions (including obesity and diabetes), chronic kid-
ney disease, and cardiovascular comorbidities, in view of 
the large impact that these conditions—and their inter-
action—have on the prognosis of the general population, 
and particularly on the risk of cardiovascular diseases [2]. 
Within this framework, AF is considered one of the ter-
minal consequences of the CKM syndrome [2].

In this study, we show that conditions underpinning 
CKM domains are common in patients with established 
AF. We also show that prevalence of CKM domains 
increased with age, and is associated with relevant geo-
graphical differences. Particularly, metabolic CKM 
domain was more frequently observed in North America 
and less frequently observed in Asia, consistently with 
trends observed in the general population [15]. We also 
found that AF patients recruited in different geographical 

regions expressed different phenotypes of CKM. For 
example, North American patients more commonly had 
metabolic-driven groups of CKM, compared to Euro-
pean patients. These differences are important and sug-
gest that CKM may express heterogeneously at a global 
level, likely due to geographical and ethnic differences in 
genetic and environmental factors, as well as the impact 
of social determinants of health, which increase the risk 
of CKM [2], and represent one of the emerging risk fea-
tures in the pathogenesis and natural history of AF [16].

We also found that CKM influence thromboembolic 
risk prevention in patients with AF. Generally, the use 
of OAC increased with the burden of CKM domains, 
and shows variations across groups (i.e., phenotype) of 
CKM: indeed, adjusted regression analyses showed that 
CKM groups characterized by cardiovascular domain 
were generally more likely to receive OAC, while the con-
tribution of the kidney domain was heterogenous across 
groups. Conversely, we did not observe significant differ-
ences in NOAC vs. VKA use across CKM groups. Taken 
together, these results show that specific combinations of 
comorbidities are associated with differences in the man-
agement of thromboembolic risk in patients with AF, as 
in previous studies [9, 17, 18]. Also, the accumulation of 
risk factors is an important driver of OAC prescription 
in contemporary patients with AF. In particular, the pres-
ence of cardiovascular risk factors seem to drive the use 
of OAC in our cohort, consistent with their prominent 
role in the CHA2DS2-VASc score, [5] which is used to 
guide decisions on OAC prescription.

Beyond treatments, we showed that an increasing bur-
den of CKM domains was associated with a higher risk 
of adverse outcomes in patients with AF, with twofold 
higher incidence rates for each additional CKM domain 
accrued. These results were confirmed on adjusted Cox-
regression analyses, which showed a dose–response 
relationship between the number of CKM domains and 
the risk of all-cause death and MACE. We additionally 
observed that groups characterized by the kidney domain 
had the highest relative increase in the risk of the primary 
outcome, while the metabolic domain appears to confer a 
lower increase in the risk of outcomes, particularly when 
found alone. On the other hand, we did not observe any 
statistical difference for the risk of major bleeding. Our 
sensitivity analyses applying more stringent criteria for 
kidney and metabolic domains confirm that incidence 
of adverse events was greater in patients with more 
advanced renal disease, and that risk increased through-
out the decline of renal function.

These results have clinical implications, and show the 
complex interaction of the different CKM conditions in 
determining the prognosis of patients with AF. Previous 
studies have demonstrated the individual contribution 
of conditions underpinning CKM on the trajectories of 
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patients with AF[19–22], and how the complexity of clin-
ical phenotypes drives prognosis in these patients, partic-
ularly when both cardiovascular and non-cardiovascular 
risk factors are found [17, 23, 24]. Indeed, the contribu-
tion of an “unhealthy” metabolic status is associated with 
both an higher risk of AF incidence[25] and worse clini-
cal outcomes in patients with AF, even across the spec-
trum of BMI [26]. Similarly, decreasing renal function is 
a known risk factor for all-cause death and overall worse 
prognosis in patients with AF [27, 28].

Our data expand on these findings, and suggest that the 
accumulation of CKM conditions has a synergistic detri-
mental effect on the prognosis of patients with AF, entail-
ing a scenario of “clinical complexity” which bolster the 
risk of all-cause death, MACE and thromboembolism. 
Of note, we also found a numerically higher incidence of 
major bleeding in the more complex CKM group, and the 
lack of statistical significance should be interpreted in the 
context of the overall low incidence of major bleeding, 
potentially leading to reduced power to detect differences 
between subgroups.

Taken together, our results show that CKM syndrome 
is common in patients with AF, and represent a poten-
tially actionable target for improving prognosis in these 
patients. Indeed, despite high rates of OAC use, AF 
patients with complex phenotypes and a higher burden 
of CKM still show a significantly higher risk of major out-
comes, which requires additional strategies to improve 
their prognosis. In this context, screening and detection 
of CKM syndrome in patients with AF may allow for a 
more comprehensive approach to the management of 
CKM-associated complexity.

Current international recommendations for the man-
agement of AF advocate for a central role of the man-
agement of comorbidities and concurrent conditions 
[29–32], and such approach can be streamlined accord-
ing to the evidence-based ‘Atrial fibrillation Better Care’ 
(ABC) pathway[28, 29, 32], or one of the other ABC-
equivalent (but untested) acronym variants, such as 
‘SOS’ or ‘CARE’ [29, 30, 33]. The ABC pathway has been 
shown to result in improved outcomes in patients with 
AF in two cluster randomized trials [34, 35], as well as in 
observational studies and meta-analysis [36–38]. As the 
ABC pathway has also been shown to benefit in specific 
subgroup of AF patients with non-cardiovascular comor-
bidities [39] and those deemed to be “clinically complex” 
[39, 40], such a holistic or integrated care approach is 
expected to represent a suitable strategy to improve out-
comes also in AF patients with CKM complexity. There-
fore, active screening for CKM domains may represent 
an opportunity to identify potentially actionable targets 
in patients with AF, recognizing also the geographical 
differences in the expression of CKM syndrome that we 
observed in our study. Finally, other pharmacological 

strategies, which has already proven effective in improv-
ing outcomes across the CKM spectrum [40, 41], may 
also represent promising candidates to improve out-
comes in patients with AF and CKM.

Strength and limitations
We used data from a global and large cohort of patients 
with AF, and to our knowledge this is one of the largest 
analyses on the impact of CKM domains in a prospec-
tive cohort of patients with established AF. Nonetheless, 
we acknowledge some limitations. First, our definitions 
of CKM domains were arbitrary, and based on the data 
available in our study; we did not have data on glu-
cose or lipid levels, and other factors which could have 
been useful to better characterize some of the CKM 
domains [2]. Moreover, the GLORIA-AF Registry phase 
III enrolled patients with a recent diagnosis of AF over 
a limited time period (2014–2016); therefore caution 
should be used when translating our findings on other 
cohorts, and external validations are needed to confirm 
our results in different populations, particularly regard-
ing the association with OAC, and NOAC vs. VKA use, 
considering that practice changes and increasing uptake 
of NOACs in more recent years may lead to different 
estimates in more contemporary practice. Additionally, 
we focused our analysis on patients who had complete 
data to define CKM and on the incidence of the pri-
mary outcome, and excluded those with missing data. 
As such, this could have introduced some bias in our 
analyses, and our results will need further validation in 
other cohorts. Despite the relatively large sample size of 
our analyses, we had limited power to detect differences 
in some subgroups, and therefore the lack of statistically 
significant differences (particularly regarding secondary 
outcomes) should be interpreted with caution. We also 
provided adjustments for the most relevant confound-
ers on the relationship of CKM with OAC use and out-
comes, but we cannot exclude the contribution of other 
unaccounted confounders. Also, as all patients enrolled 
in the GLORIA-AF patients had an established diagnosis 
of AF (which is one of the clinical manifestations of CKM 
syndrome), we were unable to evaluate the progression of 
CKM across different stages. Finally, our results on sec-
ondary outcomes were not adjusted for multiple compar-
isons, and should be therefore interpreted cautiously and 
be regarded as exploratory.

Conclusions
In patients with AF, CKM domains are commonly found, 
and their prevalence is heterogeneous across geographi-
cal regions. CKM syndrome influence AF management 
and has detrimental prognostic effects, with an increas-
ing risk of all-cause death and MACE as the burden of 
CKM domains increased.



Page 11 of 12Romiti et al. Cardiovascular Diabetology          (2025) 24:395 

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​3​3​-​0​2​5​-​0​2​9​5​0​-​y.

Supplementary Material 1

Supplementary Material 2

Acknowledgements
This publication is based on research using data from data contributors 
Boehringer Ingelheim that has been made available through Vivli, Inc. Vivli 
has not contributed to or approved, and is not in any way responsible for, the 
contents of this publication.

Author Contribution
GFR, DAM, BC and GYHL conceptualized the analysis; GFR performed the 
analyses; GFR, DAM and GYHL interpreted data; GFR, DAM and GYHL drafted 
the manuscript; BC, MP, GB, BO, TF, MVH and GYHL reviewed the manuscript 
and gave important intellectual contributions.

Funding
The GLORIA-AF registry was funded by Boehringer Ingelheim GmbH. The 
authors are solely responsible for the design and conduct of this study, 
all study analyses, the drafting and editing of the manuscript, and its final 
contents.

Data availability
Data supporting this study by the data contributors Boehringer Ingelheim, 
and were made and are available through Vivli, Inc. Access was provided after 
a proposal was approved by an independent review committee identified for 
this purpose and after receipt of a signed data sharing agreement.

Declarations

Competing interests
GFR reports consultancy for Boehringer Ingelheim and an educational grant 
from Anthos, outside the submitted work. No fees are directly received 
personally. GB reports small speaker fees from Bayer, Boehringer Ingelheim, 
Boston, BMS, Daiichi, Sanofi, Janssen outside the submitted work. TFC 
reported honoraria for lectures from Boehringer Ingelheim, Bayer, Pfizer, 
and Daiichi Sankyo, outside the submitted work. BO has one disclosure 
AstraZeneca DSMB, Consultant for Boehringer Ingelheim. MVH has been 
receiving research grants from the Dutch Healthcare Fund, Dutch Heart 
Foundation, BMS-Pfizer, Bayer Healthcare and Boehringer Ingelheim and 
consulting fees from BMS-Pfizer, Bayer Healthcare and Boehringer Ingelheim 
to the institution. All other authors have nothing to declare. MP is national 
leader of the AFFIRMO project on multimorbidity in atrial fibrillation, which 
has received funding from the European Union’s Horizon 2020 research and 
innovation program under grant agreement No 899871. GYHL has been 
consultant and speaker for BMS/Pfizer, Boehringer Ingelheim, Anthos and 
Daiichi-Sankyo. No fees are directly received personally. All the disclosures 
happened outside the submitted work. GYHL is a National Institute for Health 
and Care Research (NIHR) Senior Investigator and co-principal investigator 
of the AFFIRMO project on multimorbidity in AF, which has received funding 
from the European Union’s Horizon 2020 research and innovation programme 
under grant agreement No 899871.

Author details
1Liverpool Centre for Cardiovascular Science at University of Liverpool, 
Liverpool John Moores University and Liverpool Heart & Chest Hospital, 
Liverpool, UK
2Department of Translational and Precision Medicine, Sapienza – 
University of Rome, Rome, Italy
3Cardiology Division, Department of Biomedical, Metabolic and Neural 
Sciences, University of Modena and Reggio Emilia, Policlinico di Modena, 
Modena, Italy
4Department of Clinical Sciences and Community Health, University of 
Milan, Milan, Italy
5Division of Cardiogeriatric Subacute Care, IRCCS Istituti Clinici Scientifici 
Maugeri, Milan, Italy

6Division of Cardiology, Department of Medicine, University of Iowa, Iowa 
City, USA
7Division of Cardiology, Department of Medicine, Taipei Veterans General 
Hospital, Taipei, Taiwan
8Institute of Clinical Medicine, and Cardiovascular Research Center, 
National Yang Ming Chiao Tung University, Taipei, Taiwan
9Department of Thrombosis and Hemostasis, Leiden University Medical 
Center, Leiden, The Netherlands
10Department of Clinical Medicine, Aalborg University, Aalborg, Denmark
11Medical University of Bialystok, Bialystok, Poland

Received: 4 August 2025 / Accepted: 17 September 2025

References
1.	 Marassi M, Fadini GP. The cardio-renal-metabolic connection: a review of the 

evidence. Cardiovasc Diabetol. 2023;22:195.
2.	 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;148:1606–35.

3.	 Odutayo A, Wong CX, Hsiao AJ, Hopewell S, Altman DG, Emdin CA. Atrial 
fibrillation and risks of cardiovascular disease, renal disease, and death: 
systematic review and meta-analysis. BMJ. 2016;354:i4482.

4.	 Pisters R, Lane DA, Nieuwlaat R, de Vos CB, Crijns HJGM, Lip GYH. A novel user-
friendly score (HAS-BLED) to assess 1-year risk of major bleeding in patients 
with atrial fibrillation: the Euro heart survey. Chest. 2010;138:1093–100.

5.	 Lip GYH, Nieuwlaat R, Pisters R, Lane DA, Crijns HJGM. Refining clinical risk 
stratification for predicting stroke and thromboembolism in atrial fibrillation 
using a novel risk factor-based approach: the euro heart survey on atrial fibril-
lation. Chest. 2010;137:263–72.

6.	 Wu J, Nadarajah R, Nakao YM, Nakao K, Wilkinson C, Cowan JC, et al. Temporal 
trends of cause-specific mortality after diagnosis of atrial fibrillation. Eur Heart 
J. 2023;44:4422–31.

7.	 Proietti M, Marzona I, Vannini T, Tettamanti M, Fortino I, Merlino L, et al. 
Long-term relationship between atrial fibrillation, multimorbidity and oral 
anticoagulant drug use. Mayo Clin Proc. 2019;94:2427–36.

8.	 Romiti GF, Proietti M, Bonini N, Ding WY, Boriani G, Huisman MV, et al. Clinical 
complexity domains, anticoagulation, and outcomes in patients with atrial 
fibrillation: a report from the GLORIA-AF registry phase II and III. Thromb 
Haemost. 2022;122:2030–41.

9.	 Romiti GF, Proietti M, Corica B, Bonini N, Boriani G, Huisman MV, et al. 
Implications of clinical risk phenotypes on the management and natural 
history of atrial fibrillation: a report from the GLORIA-AF. J Am Heart Assoc. 
2023;12:e030565.

10.	 Lip GYH. The ABC pathway: an integrated approach to improve AF manage-
ment. Nat Rev Cardiol. 2017;14:627–8.

11.	 Lip GYH, Kotalczyk A, Teutsch C, Diener H-C, Dubner SJ, Halperin JL, et al. 
Comparative effectiveness and safety of non-vitamin K antagonists for 
atrial fibrillation in clinical practice: GLORIA-AF registry. Clin Res Cardiol. 
2022;111:560–73.

12.	 Huisman MV, Teutsch C, Lu S, Diener H-C, Dubner SJ, Halperin JL, et al. Dabi-
gatran versus vitamin K antagonists for atrial fibrillation in clinical practice: 
final outcomes from phase III of the GLORIA-AF registry. Clin Res Cardiol. 
2022;111:548–59.

13.	 Huisman MV, Lip GYH, Diener HC, Dubner SJ, Halperin JL, Ma CS, et al. 
Design and rationale of Global Registry on Long-Term Oral Antithrombotic 
Treatment in Patients with Atrial Fibrillation: a global registry program on 
long-term oral antithrombotic treatment in patients with atrial fibrillation. 
Am Heart J. 2014;167:329–34.

14.	 Mazurek M, Teutsch C, Diener HC, Dubner SJ, Halperin JL, Ma CS, et al. Safety 
and effectiveness of dabigatran at 2 years: final outcomes from phase II of the 
GLORIA-AF registry program. Am Heart J. 2019;218:123–7.

15.	 Noubiap JJ, Nansseu JR, Lontchi-Yimagou E, Nkeck JR, Nyaga UF, Ngouo AT, 
et al. Geographic distribution of metabolic syndrome and its components in 
the general adult population: a meta-analysis of global data from 28 million 
individuals. Diabetes Res Clin Pract. 2022;188:109924.

16.	 Essien UR, Kornej J, Johnson AE, Schulson LB, Benjamin EJ, Magnani JW. Social 
determinants of atrial fibrillation. Nat Rev Cardiol. 2021;18:763–73.

17.	 Romiti GF, Corica B, Mei DA, Vitolo M, Bucci T, Bisson A, et al. Association of 
comorbidity patterns with outcomes and relation with the ABC pathway 

https://doi.org/10.1186/s12933-025-02950-y
https://doi.org/10.1186/s12933-025-02950-y


Page 12 of 12Romiti et al. Cardiovascular Diabetology          (2025) 24:395 

effectiveness in European patients with atrial fibrillation. Heart Rhythm. 2025. 
Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​h​​e​a​r​​t​r​h​​y​t​h​m​​j​o​​u​r​n​​a​l​.​​c​o​m​/​​a​c​​t​i​o​​n​/​s​​h​o​w​A​​b​s​​t​r​a​​c​t​?​​
p​i​i​=​​S​1​​5​4​7​5​2​7​1​2​5​0​0​2​2​0​6

18.	 Mantovani M, Bucci T, Imberti JF, Lam SHM, Kotalczyk A, Boriani G, et al. 
Patterns of comorbidities, clinical course, and impact of the ABC Pathway for 
Integrated Care in patients with atrial fibrillation: a report from the prospec-
tive Optimal Thromboprophylaxis in Elderly Chinese Patients with Atrial Fibril-
lation (ChiOTEAF) Registry. Eur Heart J Qual Care Clin Outcomes [Internet]. 
2025; Available from: ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​3​​/​e​​h​j​q​c​c​o​/​q​c​a​f​0​1​4

19.	 Liu Y, Lam SHM, Romiti GF, Huang B, Chen Y, Chao TF, et al. Renal function 
and adverse clinical events in anticoagulated patients with atrial fibrilla-
tion: insights from the GLORIA-AF registry phase III. J Thromb Thrombolysis. 
2025;58:165–77.

20.	 Liu Y, Chen Y, Lam SHM, Huang B, Romiti GF, Alam U, et al. Diabetes mellitus 
and adverse clinical events in patients with atrial fibrillation: a report from the 
GLORIA-AF registry phase III. Diabetes Obes Metab. 2024;26:5795–804.

21.	 Wang A, Green JB, Halperin JL, Piccini JP Sr. Atrial fibrillation and diabetes 
mellitus: JACC review topic of the week. J Am Coll Cardiol. 2019;74:1107–15.

22.	 Zeitler EP, Johnson AE, Cooper LB, Steinberg BA, Houston BA. Atrial fibrillation 
and heart failure with reduced ejection fraction: new assessment of an old 
problem. JACC Heart Fail. 2024;12:1528–39.

23.	 Romiti GF, Corica B, Mei DA, Bisson A, Boriani G, Olshansky B, et al. Patterns of 
comorbidities in patients with atrial fibrillation and impact on management 
and long-term prognosis: an analysis from the prospective global GLORIA-AF 
registry. BMC Med. 2024;22:151.

24.	 Krittayaphong R, Treewaree S, Yindeengam A, Komoltri C, Lip GYH. Latent 
class analysis for the identification of phenotypes associated with increased 
risk in atrial fibrillation patients: The COOL-AF registry. Thromb Haemost 
[Internet]. 2025; Available from: ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​0​​​5​​​5​/​a​-​2​​5​5​9​-​9​9​9​4

25.	 Li J, Xu X, Yu Y, Sun Y, Cai L, Shen W, et al. Long-term weight change and tran-
sition of metabolic health status in middle life and the risk of atrial fibrillation. 
Heart Rhythm. 2025;22:e285–93.

26.	 Corica B, Romiti GF, Proietti M, Mei DA, Boriani G, Chao T-F, et al. Clinical 
outcomes in metabolically healthy and unhealthy obese and overweight 
patients with atrial fibrillation: findings from the GLORIA-AF registry. Mayo 
Clin Proc. 2024;99:927–39.

27.	 Harrington J, Carnicelli AP, Hua K, Wallentin L, Patel MR, Hohnloser SH, et al. 
Direct oral anticoagulants versus warfarin across the spectrum of kidney 
function: patient-level network meta-analyses from COMBINE AF. Circulation. 
2023;147:1748–57.

28.	 Shimizu W, Yamashita T, Akao M, Atarashi H, Ikeda T, Koretsune Y, et al. Renal 
function and clinical outcomes among elderly patients with nonvalvular 
atrial fibrillation from ANAFIE. JACC Asia. 2023;3:475–87.

29.	 Van Gelder IC, Rienstra M, Bunting KV, Casado-Arroyo R, Caso V, Crijns HJGM, 
et al. 2024 ESC guidelines for the management of atrial fibrillation developed 
in collaboration with the European Association for Cardio-Thoracic Surgery 
(EACTS). Eur Heart J. 2024;45:3314–414.

30.	 Joglar JA, Chung MK, Armbruster AL, Benjamin EJ, Chyou JY, Cronin EM, et al. 
2023 ACC/AHA/ACCP/HRS guideline for the Diagnosis and Management of 
Atrial Fibrillation: A report of the American college of cardiology/American 

heart association joint committee on clinical practice guidelines. Circulation. 
2024;149:e1-156.

31.	 Wang Y, Guo Y, Qin M, Fan J, Tang M, Zhang X, et al. 2024 Chinese expert con-
sensus guidelines on the diagnosis and treatment of atrial fibrillation in the 
elderly, endorsed by Geriatric Society of Chinese Medical Association (cardio-
vascular group) and Chinese Society of Geriatric Health Medicine (cardiovas-
cular branch): Executive summary. Thromb Haemost. 2024;124:897–911.

32.	 Chao T-F, Joung B, Takahashi Y, Lim TW, Choi E-K, Chan Y-H, et al. 2021 focused 
update consensus guidelines of the Asia Pacific Heart Rhythm Society on 
stroke prevention in atrial fibrillation: Executive summary. Thromb Haemost. 
2022;122:20–47.

33.	 Potpara T, Romiti GF, Sohns C. The 2024 European Society of Cardiology 
guidelines for diagnosis and management of atrial fibrillation: a viewpoint 
from a practicing clinician’s perspective. Thromb Haemost. 2024;124:1087–94.

34.	 Guo Y, Lane DA, Wang L, Zhang H, Wang H, Zhang W, et al. Mobile health 
technology to improve care for patients with atrial fibrillation. J Am Coll 
Cardiol. 2020;75:1523–34.

35.	 Chu M, Zhang S, Gong J, Yang S, Yang G, Sun X, et al. Telemedicine-based 
integrated management of atrial fibrillation in village clinics: a cluster ran-
domized trial. Nat Med. 2025;31:1276–85.

36.	 Treewaree S, Lip GYH, Krittayaphong R. Non-vitamin K antagonist oral anti-
coagulant, warfarin, and ABC pathway adherence on hierarchical outcomes: 
win ratio analysis of the COOL-AF registry. Thromb Haemost. 2024;124:69–79.

37.	 Bucci T, Proietti M, Shantsila A, Romiti GF, Teo W-S, Park H-W, et al. Integrated 
care for atrial fibrillation using the ABC pathway in the prospective APHRS-AF 
registry. JACC Asia. 2023;3:580–91.

38.	 Romiti GF, Pastori D, Rivera-Caravaca JM, Ding WY, Gue YX, Menichelli D, et 
al. Adherence to the “atrial fibrillation Better Care” pathway in patients with 
atrial fibrillation: Impact on clinical outcomes-A systematic review and meta-
analysis of 285,000 patients. Thromb Haemost. 2022;122:406–14.

39.	 Bucci T, Nabradalik K, Irlik K, Shantsila A, Romiti GF, Proietti M, et al. Adherence 
to the ABC (atrial fibrillation better care) pathway and risk of adverse out-
comes in patients with chronic kidney disease: a report from the prospective 
APHRS-AF registry. Lancet Reg Health. 2025;58:101570.

40.	 Matsumoto S, Henderson AD, Jhund PS, Bauersachs J, Chioncel O, Claggett 
BL, et al. Finerenone and atrial fibrillation in heart failure: A secondary analysis 
of the FINEARTS-HF randomized clinical trial: A secondary analysis of the 
FINEARTS-HF randomized clinical trial. JAMA Cardiol. 2025;10:696–707.

41.	 Pabon MA, Filippatos G, Claggett BL, Miao MZ, Desai AS, Jhund PS, et al. 
Finerenone reduces new-onset atrial fibrillation across the spectrum of 
cardio-kidney-metabolic syndrome: The FINE-HEART pooled analysis. J Am 
Coll Cardiol. 2025;85:1649–60.

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

https://www.heartrhythmjournal.com/action/showAbstract?pii=S1547527125002206
https://www.heartrhythmjournal.com/action/showAbstract?pii=S1547527125002206
https://doi.org/10.1093/ehjqcco/qcaf014
https://doi.org/10.1055/a-2559-9994

	﻿Cardio-kidney-metabolic complexity in patients with atrial fibrillation: an analysis from the prospective GLORIA-AF registry phase III
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Definition of the CKM syndrome and its component
	﻿Follow-up and outcomes
	﻿Statistical analysis

	﻿Results
	﻿Geographical distribution of CKM
	﻿Treatments according to number of CKM domains and CKM groups
	﻿Clinical outcomes according to number of CKM domains and CKM groups
	﻿Sensitivity analyses

	﻿Discussion
	﻿Strength and limitations

	﻿Conclusions
	﻿References


