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Abstract

W) Check for updates Aim: To analyse the importance of inflammation in the disease burden and prognosis of
patients with type 2 diabetes (T2DM) and atrial fibrillation (AF). We assessed these patients
according to their neutrophil-to-lymphocyte ratio (NLR) values, examining their baseline
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characteristics and their prognosis at one year of follow-up based on a prospective AF
registry in Spain (Sumamos-FA-SEMI). Methods: A prospective, multicentre, observational
study of patients with AF (Sumamos-FA-SEMI) was conducted. We categorised the patients
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with an NLR greater than three points had a higher prevalence of cancer, lower HDL
cholesterol levels, and more albuminuria. Other inflammatory markers, such as C-reactive
protein, were also higher in these groups. Regarding prognosis, groups (both with and
without T2DM) with an NLR greater than three had significantly higher mortality, with a
higher probability in those without T2DM (HR 3.58, 95% CI: 1.99-6.43, p < 0.00). In terms of
mortality and readmissions, only the group without T2DM and with an NLR greater than
three had significantly higher mortality (HR 2.19, 95% CI: 1.51-3.19, p < 0.00). Conclusions:
Among atrial fibrillation patients, the combination of T2DM and high inflammation (NLR)
was linked to higher comorbidity, worse metabolic and kidney disease, and the poorest
prognosis. Surprisingly, the highest risk of readmission or death was in non-T2DM patients
with higher NLR levels, suggesting that T2DM treatments may mitigate risk.

Keywords: atrial fibrillation; diabetes mellitus; inflammation

1. Introduction

Epidemiological research has long suggested a link between diabetes mellitus (T2DM)
and an increased risk of atrial fibrillation (AF). The Framingham Heart Study identified
diabetes, along with hypertension and valvular heart disease, as an independent risk factor
for AF in both men and women [1]. More recently, several meta-analyses have confirmed
this relationship [2,3]. Both T2DM and AF have shown an inflammatory basis for their
pathogenesis, and inflammatory activity even plays a significant role in the disease outcome.
Inflammation may induce AF, but AF contributes to inflammation, leading to a vicious
cycle [4]. Inflammation also plays a well-known role in T2DM and its complications [5,6].
The mechanisms underlying the increased propensity to AF in T2DM are incompletely
understood but are thought to involve electrical, structural, and autonomic remodelling
in the atria, where several inflammatory mechanisms, among others, are involved in this
susceptibility [7].

The neutrophil-to-lymphocyte ratio (NLR) is a simple, readily available marker be-
lieved to indicate systemic inflammation, a key factor in the development and progression
of cardiovascular disease (CVD) [8]. The NLR has shown a predictive role both in patients
with T2DM [9] and in patients with AF [10]. The importance of NLR in T2DM is likely due
to the ravelled role of inflammation in the disease. In patients with T2DM, the increased
oxidative stress and necrosis of neutrophils trigger an inflammatory response that impairs
endothelial function. NLR has been actually considered as a risk factor for all-cause and
cardiovascular mortality in patients with DM [11]. In the case of AF, oxidative stress, inflam-
mation, prothrombotic state and genetics, were linked to the initiation and perpetuation
of AF, resulting in atrial structural abnormalities and electrophysiological changes [12].
Recognising the key role of inflammation in the development of cardiovascular diseases,
inflammatory biomarkers like the NLR have acquired particular interest in recent years as
a predictive marker in patients with AF.

The Sumamos-FA-SEMI registry is a Spanish multicentric registry whose goal was
to update the profile of patients with atrial fibrillation (AF) who are treated in internal
medicine wards according to characteristics implicit in elderly patients [13].

To analyse the importance of inflammation in the disease burden and prognosis
of patients with T2DM and AF, our aim is to assess these patients according to their
NLR values, examining their baseline characteristics and their prognosis (mortality and
readmissions) at one year of follow-up, in the setting of our Sumamos-FA-SEMI registry.
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2. Methods

A prospective, multicentre, observational study was conducted using data from the
Sumamos-FA-SEMI registry, which was contributed to by 31 hospitals across the coun-
try. Inclusion criteria included patients older than 18 years who were treated in internal
medicine services, either in the outpatient setting or during hospitalisation, with a di-
agnosis of atrial fibrillation (AF), whether previously known or diagnosed during the
index hospital admission, always confirmed by a 12-lead electrocardiogram (ECG), and
who had provided written informed consent (from the patient or a legal representative).
Exclusion criteria included patients without an ECG-confirmed diagnosis of AF, those
who did not provide informed consent, and patients participating in a pharmacological
interventional clinical trial. Two recruitment periods were established: the first one was
in October and November 2023, and the second one was in April and May 2024. Patients
were informed and had to sign an informed consent form to be included. The project was
approved by the Ethics Committee of the University Hospital of Badajoz (register number:
CEI026/23, 19 April 2023) and adhered to the principles set forth in the Declaration of
Helsinki. It also was sponsored by the Spanish Foundation of Internal Medicine (FEMI)
and the Spanish Society of Internal Medicine (SEMI).

2.1. Variables

Data collection was carried out in an anonymized online database created for this
specific purpose [13]. The registry included sociodemographic, clinical, analytical, imaging,
therapeutic, and outcome data. Hematologic parameters were performed by an automated
haematology analyser (flow cytometry and electrical impedance). Blood biochemistry anal-
ysis was performed by spectrophotometry techniques. Thrombotic and haemorrhagic risk
upon inclusion were assessed using the CHA,;DS,-VASc and HAS-BLED scales, respectively.
Secondarily, and in accordance with recent European guidelines [14], the CHA;DS,-VA
scale was used to calculate thrombotic risk. Other variables analysed comorbidities (Charl-
son comorbidity index, CCI [15]), nutritional status (MNA short-form [16]), functional
capacity (Barthel index, BI [17]), and quality of life (EQ-5D, [18]).

The NLR was calculated as the ratio between neutrophil and lymphocyte counts
measured in peripheral blood. The sample was categorised according to a cut-off
point of 3 according to previous studies [10]. To evaluate inflammation, the systemic
immune inflammation index (SII) was also calculated; this is a ratio calculated as
(neutrophil x platelet)/lymphocyte counts in cells/L that has also been studied as a
biomarker reflecting immune and inflammatory status [19]. Additionally, the high-
sensitivity C-reactive protein (CRP)-to-albumin ratio (CAR) was determined. This ra-
tio is a new marker based on inflammation; its high levels can increase the risk of
cardiovascular disease [20]. The CAR was calculated using the following formula:
CAR = CRP (mg/L)/albumin (g/L) [21].

We classified patients (Figure 1) according to the presence/absence of T2DM and NLR
levels based on a cut-off point of 3 [10]. Group 1 included patients without T2DM and a
level of NLR lower than 3. Group 2 was defined by patients without T2DM and an NLR
level higher than 3. Group 3 grouped patients with T2DM with NLR levels lower than 3
and, finally, Group 4 consisted of patients with T2DM and an NLR higher than 3.
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GROUP 1 GROUP 2 GROUP 3 GROUP 4
Non-T2DM Non-T2DM T2DM T2DM
NLR < 3 points NLR >=3 points NLR <3 points NLR >=3 points
N=263 N=326 N=210 N=272

Non-T2DM: Patients without type 2 diabetes mellitus.
T2DM: Patients with type 2 diabetes mellitus.
NLR: Neutrophil-to-lymphocyte ratio.

Figure 1. Chart flow of the study.

2.2. Outcomes

We analysed differential characteristics among the groups; then, we considered differ-
ential global mortality between the groups during a one-year follow-up and differences
in a composite endpoint of total mortality and readmissions during the same period
of follow-up.

2.3. Statistical Analysis

Categorical variables were expressed as absolute counts and percentages (%), while
continuous variables were expressed as the mean and standard deviation or median and
interquartile range depending on the normality of the distributions which were analysed
with the test of Lilliefors. The Kruskal-Wallis’s rank sum test or an ANOVA was used for
continuous variables, and chi-squared tests were used for categorical variables to analyse
group differences. To identify the determinants of mortality in AF patients, a Cox regression
analysis was performed. Kaplan-Meier curves were plotted to assess the association of
the NLR with all-cause and cardiovascular mortality, and weighted Cox proportional
regression models were constructed. Cox models included covariates that were both
clinically meaningful and statistically significant in the univariate analyses. Model 1 was
unadjusted. Age, sex, BMI, glucose, the Charlson comorbidity index (CCI), and treatment
with sodium-glucose cotransporter 2 inhibitors (SGLT2i) were adjusted in Model 2 with
respect to all-cause mortality and readmissions. Models 3 and 4 only referred to all-cause
mortality. Model 3 was unadjusted; again, age, sex, BMI, glucose, the CCI, and treatment
with SGLT2i were adjusted in Model 4.

All analyses were conducted using R software version 4.3.3. p < 0.05 was considered
statistically significant.

3. Results

A total of 1241 patients were recruited, the data of 1071 of whom (557 women (51.9%),
median age: 83 years (10)) were analysed. The remaining 170 were excluded due to
lack of critical study variables or lack of follow-up. Out of the 1071 patients analysed,
482 (44.9% women, median age of 82 & 8.1) had a history of T2DM. A total of 598 patients
(52.3% women, mean age 83 + 10) had high NLRs (>3). The main characteristics by group
are displayed in Table 1.
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Table 1. Baseline characteristics of patients by group.
Variable Group 1 Group 2 Group 3 Group 4 p
N 263 326 210 272
Age (year) 82 (10) 84 (10) 82 (11) 82 (9) 0.001
Sex (Women) 147 (55.9) 198 (60.7) 97 (46.2) 115 (42.5) 0.0001
BMI (kg/m?) 27.2 (6.7) 26.4 (7.5) 284 (7.4) 28.3 (7.9) <0.0001
Waist circumference (cm) 98 (23.5) 96 (35.2) 102.5 (24.5) 104 (31) 0.02
Hypertension (%) 221 (84) 264 (80.7) 202 (96.2) 261 (96.3) 0.0001
Dyslipidaemia (%) 151 (57.4) 170 (52.1) 158 (75.6) 205 (75.6) 0.0001
Obesity (%) 78 (30.1) 99 (30.6) 80 (38.8) 116 (43) 0.002
Tobacco user (%) 84 (32.2) 92 (28.3) 73 (35.1) 115 (42.6) 0.019
Alcohol user (%) 43 (16.3) 29 (8.9) 35 (16.7) 53 (19.5) 0.01
Coronary artery disease (%) 51 (19.8) 50 (15.3) 56 (27.2) 72 (26.9) 0.0012
Cerebrovascular disease (%) 47 (17.9) 64 (19) 36 (17.2) 56 (20.7) 0.88
Peripheral artery disease (%) 11 (4.2) 25(7.7) 34 (16.3) 43 (15.9) 0.0001
Heart failure (%) 182 (69.5) 236 (72.6) 162 (77.5) 225 (82.7) 0.0021
Chronic kidney disease (%) 94 (35.9) 129 (39.6) 119 (56.9) 137 (50.9) 0.0001
Obstructive sleep apnoea (%) 31(11.8) 40 (12.3) 51 (24.6) 70 (26.2) 0.0001
Cancer (%) 28 (10.6) 36 (11) 14 (6.7) 35(13) 0.04
Charlson Comorbidity Index 5(2) 6(2) 7 (2) 7 (3) <0.0001
MNAsf score 10 (3) 10 (3) 11 (3) 10 (3.5) 0.001
EuroQoL 0.7 (0.3) 0.5(0.4) 0.7 (0.2) 0.6 (0.3) <0.0001
CHA2DS2-VASc score 5(1) 51) 6(1.2) 6(2) <0.0001
CHA2DS2-VA score 4(1.5) 4(2) 5(2) 5(1) <0.0001
HASBLED score 3(1) 3(1.2) 3(2) 3(2) <0.0001
Leucocyte (10%/L) 6.4 (2.7) 8.1 (4.3) 6.7 (2.9) 8.5 (3.8) <0.0001
Neutrophil (10°/L) 34 (1.6) 6(3.9) 3.6 (1.8) 6.3 (3.6) <0.0001
Lymphocyte (10°/L) 1.9 (0.8) 1(0.6) 2(0.9) 1.1 (0.6) <0.0001
Haematocrit (%) 39.7 (6.1) 36.5 (5.9) 39.6 (6.9) 36.8 (6.1) <0.0001
Platelets (10° /L) 199 (86.5) 207 (122) 201 (82.7) 220 (118.5) 0.002
NLR 1.9 (0.8) 5.7 (5.6) 2(0.9) 5.8 (44) <0.0001
CAR 0.8 (3) 1.8 (3.8) 0.7 (2.6) 1.5(3.5) 0.0002
SII 373.3 (228.2) 1216 (1358.9) 367 (201.2) 1262.6 (1110.1) 0.0001
eGFR (mL/min/m?) 57.4 (33.5) 52.6 (39.1) 44 .4 (35.5) 43.7 (33.7) <0.0001
A1C (%) 5.6 (0.6) 5.8 (0.6) 6.6 (1.5) 6.6 (1.2) <0.0001
Glucose (mg/dL) 92 (21.2) 102 (34) 116 (46) 122 (57.2) <0.0001
TyG index 4.5 (0.3) 4.6 (0.3) 4.7 (0.4) 4.7 (0.3) <0.0001
Total cholesterol (mg/dL) 153 (50.5) 140 (51.2) 142 (58.7) 128 (48) <0.0001
HDL cholesterol (mg/dL) 45.5 (19) 42 (16) 43 (17) 37 (16) <0.0001
LDL cholesterol (mg/dL) 83 (40) 76 (39.7) 72 (41.5) 66.5 (38.2) <0.0001
Triglycerides (mg/dL) 95.5 (58.5) 89 (47) 110 (66.7) 99 (53) 0.002
Serum uric acid (mg/dL) 5.9 (2.8) 6.8 (3.5) 6.2 (2.4) 6.9 (3.3) 0.008
C-reactive protein (mg/L) 3(10.1) 7 (12.9) 3.4 (10.8) 5.8 (12.8) <0.0001
Albumin/ creatinine ratio (mg/g) 83.9 (386.1) 185.2 (519.5) 111.7 (318.1) 238.7 (768.4) 0.0007
Treatments at discharge
SGLT2i 23 (8.7) 54 (16.1) 43 (20.5) 96 (35.3) <0.0001
arGLP1 0 1(0.3) 8 (3.8) 7 (2.6) <0.0001
Metformin 0 5(1.5) 115 (54.8) 137 (30.4) <0.0001
DPP4i 0 0 16 (7.6) 48 (17.7) 0.002
Insulin 0 0 25 (11.9) 56 (20.6) <0.0001
ACEIs 31(11.8) 46 (14.1) 19 (9) 38 (13.9) 0.29
ARB 45 (17.1) 82 (25.1) 36 (17.4) 83 (30.5) 0.0003
Statins 46 (17.5) 98 (30) 45 (21.4) 112 (41.2) <0.0001
OACs 106 (40.3) 184 (56.3) 74 (35.2) 165 (60.7) <0.0001
MRA 9(34) 35(10.7) 13 (6.2) 32(11.8) 0.0001

ACEIs: angiotensin-converting enzyme inhibitors; ARB: angiotensin receptor blocker; BMI: body mass index;
CAR: C-reactive protein-to-albumin ratio; DPP4i: dipeptidyl peptidase-4 inhibitors; eGFR: estimated glomerular
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filtration ratio; arGLP1: glucagon-like peptide-1 receptor agonists; A1C: glycated haemoglobin; MNAsf score:
short-form mini nutritional assessment score; MRA: mineral corticoid receptor antagonists; NLR: neutrophil-to-
lymphocyte ratio; OACs: oral anticoagulants; SGLT2i: sodium-glucose cotransporter 2 inhibitors; SII: systemic

immune-inflammation index; TyG index: triglyceride—glucose index.

The groups that included patients with T2DM (groups 3 and 4) were older, were more
likely to be obese (p < 0.0001), had a larger waist circumference (WC) (p = 0.02), were
more likely to have dyslipidaemia (p = 0.0001), and had a higher prevalence of ischemic
heart disease (p = 0.0012) or peripheral arterial disease (p = 0.0001), as well as a generally
higher incidence of comorbidities (p < 0.0001). Among both groups of people with T2DM
(groups 3 and 4), those with more inflammation showed a higher prevalence of heart failure
(p = 0.0021) and kidney disease (p= 0.0001), with a higher albumin/creatinine ratio (UACR)
(p=0.0007), alarger WC (p = 0.02), and higher glucose (p < 0.0001) and glycated haemoglobin
(A1C) (p < 0.0001) levels. Conversely, the groups with greater inflammation (groups 2 and 4)
had a higher prevalence of cancer (p = 0.04), lower haematocrit (p < 0.0001) and HDL levels
(p < 0.00), and greater albuminuria (p = 0.0007). Regarding the other inflammatory indices,
SII, CAR, and C-reactive protein were also higher in the groups with an NLR >3. Finally,
regarding treatments, group 4 (people with T2DM and NLR > 3) had a significantly higher
percentage of people treated with statins, oral anticoagulants, angiotensin receptor blockers
(ARB), mineralocorticoid receptor antagonists (MRA), and SGLT?2i.

Outcomes

Regarding prognosis, 284 patients died during the one-year follow-up period. With
respect to the combined endpoint of all-cause mortality and readmissions (Figure 2, Table 2),
group 2 showed the worst prognosis both in the Kaplan—-Meier curves (p < 0.00), and in
the adjusted Cox regression model (HR 2.19, 95% CI: 1.51-3.19, p < 0.0001). Similarly,
with respect to all-cause mortality, group 2 also had the worst prognosis both in its cor-
respondent Kaplan—-Meier curves (p < 0.00) and adjusted Cox regression model (HR 3.58,
95% CI: 1.99-6.43, p < 0.0001).

All-cause mortality and readmissions All-cause mortality
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1 » =
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2
—— Group 1 8°1 — Group 1
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Figure 2. Kaplan—-Meier curves of outcomes of the study.
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Table 2. Cox regression models.
Total Mortality and Readmissions
Model 1: Unadjusted Model 2: Adjusted

Variable HR 95% CI p HR 95% CI p
Age 1.03 1.02-1.04 <0.0001 1.03 1.00-1.05 0.009
Sex 0.88 0.74-1.04 0.14 0.89 0.68-1.15 0.377
BMI 0.97 0.95-0.98 0.0008 0.99 0.97-1.02 0.863
Glucose 1.00 0.99-1.00 0.27 1.00 0.99-1.00 0.489
Albumin/creatinine ratio 1.00 1.00-1.00 0.003 1.00 0.99-1.00 0.262
Treatment with SGLT2is 1.32 1.08-1.61 0.005 1.24 0.91-1.68 0.159
glfc‘laeris‘m comorbidity 1.14 1.09-1.19 <0.0001 1.13 1.06-1.22 0.0003
Groups

Group 1 Ref. Ref. - Ref. Ref. -

Group 2 2.16 1.71-2.74 <0.0001 2.19 1.51-3.19 <0.0001

Group 3 1.17 0.88-1.54 0.27 0.92 0.58-1.44 0.729

Group 4 1.85 1.45-2.38 <0.0001 1.44 0.93-2.23 0.085

Total Mortality
Model 3: Unadjusted Model 4: Adjusted

Variable HR 95% CI p HR 95% CI 4
Age 1.06 1.04-1.08 <0.0001 1.04 1.02-1.07 0.002
Sex 1.03 0.81-1.30 0.78 0.87 0.60-1.26 0.48
BMI 0.97 0.96-0.99 0.001 0.99 0.99-1.01 0.46
Glucose 1.00 0.99-1.00 04 1.00 0.99-1.01 0.73
Albumin/ creatinine ratio 1.00 1.00-1.00 0.03 1.00 0.99-1.00 0.71
Treatment with S_GLTZis 1.15 0.87-1.5 0.32 1.47 0.97-2.23 0.06
S{‘iaeﬂson comorbidity 1.23 1.16-1.3 <0.0001 1.25 1.14-1.32 <0.0001
Groups

Group 1 Ref. Ref. - Ref. Ref. -

Group 2 3.03 2.13-4.31 <0.0001 3.58 1.99-6.43 <0.0001

Group 3 1.16 0.74-1.81 <0.0001 1.08 0.53-2.19 0.83

Group 4 2.18 1.49-3.17 <0.0001 1.78 1.00-3.28 0.04

BMI: body mass index; SGLT2is: sodium—glucose cotransporter 2 inhibitors.

4. Discussion

Our results show how the NLR has relevance in the prognosis of patients with AF and
with or without T2DM. It has long been known that inflammation plays an important role
in the development and prognosis of atrial fibrillation [22] and that some inflammatory
markers, such as the NLR, but also the SII, can increase mortality in critically ill patients
with AF [23]. However, the relative importance of inflammation, as assessed by the NLR, in
individuals with or without T2DM in an AF setting has not been previously explored. Our
study results show that people with T2DM and elevated NLR levels, compared to people
without T2DM but with elevated NLR levels, have the highest NLR and SII values but lower
CRP and CAR levels. CRP (and CAR) acts by activating complements [24], and neutrophils
(and therefore the NLR and SII) act by activating other cells related to the immune response,
including platelets [25]. This suggests a different preferential inflammatory pathway
between T2DM and non-T2DM in an AF setting.

Conversely, patients in the T2DM group with an elevated NLR are younger and
predominantly male, with more comorbidities and higher thrombotic risk, as measured
by the CHA2DS2-VASc and CHA2DS2-VA scores. Several studies have suggested a link
between thrombogenesis and inflammation, as well as an association between the NLR,
among others, and left atrial thrombus in patients with valvular AF [26]. Furthermore,
lower HDL cholesterol is observed in this group of patients with T2DM and elevated NLRs.
This may contribute to a greater degree of inflammation, since a lack of anti-inflammatory
properties is related to cholesterol’s ability to inhibit the expression of adhesion molecules
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in endothelial cells, thus reducing blood monocyte recruitment into the artery wall [27]; as
a consequence, people with lower HDL may have a higher inflammatory state.

Regarding mortality and the combined endpoint of mortality and readmissions, the
group with the worst prognosis in our series was group 2 compared to group 1, namely
people with a high NLR but without T2DM compared to people without T2DM and a low
NLR. However, in the mortality analysis, both groups 2 and 4 had significantly higher
risk of mortality compared to group 1 (Table 2). There is considerable evidence that the
presence of T2DM in patients with AF implies a worse prognosis due to an increase in both
cardiovascular and all-cause mortality. This was recently shown in a meta-analysis, with
up to 37% higher mortality in the group of people with T2DM [28]. Based on the results
of our analysis, the role of inflammation, as measured by the NLR, may be relevant, since
the group of patients with T2DM and an elevated NLR significantly showed increased
mortality compared to patients with neither T2DM nor inflammation. Furthermore, patients
with a high NLR but without T2DM had even higher mortality risk than those with both
T2DM and a high NLR. This attenuated effect on prognosis between individuals with and
without diabetes mellitus in the elevated NLR groups may be primarily due to differences
in treatment between the groups. The higher percentage of individuals on anticoagulants,
those treated with statins, and the significant difference in the use of SGLT2is in those with
T2DM and an elevated NLR may have contributed to lower mortality and readmission
rates in this group. The potential pleiotropic effect of statins reducing inflammation is well
known [29], and similarly, SGLT2is have been shown to also act as anti-inflammatory agents,
not only reducing the plasma concentrations of inflammatory biomarkers but also acting on
inflammatory signalling pathways such as the inhibition of the NLRP3 inflammasome [30].
In any case, further studies are needed to better differentiate the effects of inflammation on
the prognosis of individuals with and without T2DM in the context of AF.

Our study has some weaknesses. First, it is an observational study and therefore
subject to bias from other uncontrolled factors that may have influenced the results. We
used the NLR as a marker of inflammation. Although it is not very specific, it is easy
to obtain in routine clinical practice, and previous studies have shown it to be a marker
of all-cause mortality risk in people with diabetes mellitus [11]. We have not analysed
the anticoagulation tests because of the potential misinterpretation of these tests. The
oral anticoagulant treatment consisted of acenocoumarin and direct oral anticoagulants
(apixaban, edoxaban, rivaroxaban, and dabigatran), the latter would have little impact on
routine anticoagulation tests. On the other hand, as a strength, to our knowledge, this is
the first study to analyse the prognostic value of the NLR in people with AF, differentiating
between the presence and absence of T2DM.

5. Conclusions

In our cohort of people with AF, those who also had T2DM and a high NLR (as a proxy
for a greater inflammatory state) had more comorbidities and worse metabolic control and
kidney disease compared to patients with diabetes and a lower NLR (less inflammation).
Additionally, people with AF and inflammation (high NLR) had the worst prognosis. In this
case, those without T2DM were more likely to be readmitted or die, although associated
factors such as treatments may have mitigated this probability in patients with DM and
greater inflammation.
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