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Abstract: Background: The co-incidence of multiple morbidities and polypharmacy is common
amongst patients with atrial fibrillation (AF); however, data on their impact on clinical outcomes are
scarce in Asian cohorts. Objective: To evaluate the impact of multimorbidity and polypharmacy on
clinical outcomes and AF management among elderly Chinese patients. Methods: The ChiOTEAF reg-
istry is a prospective, multicenter nationwide study conducted from October 2014 to December 2018.
Endpoints of interest were the composite outcome of all-cause death/any thromboembolism (TE),
all-cause death, cardiovascular death, TE events, major bleeding, as well as AF management. Results:
The eligible cohort included 6341 individuals (mean age 74.7 ± 10.7; 39.1% female), of whom 4644
(73.2%) had multimorbidity (defined as two or more chronic diseases), and 2262 (35.7%) were treated
with five or more medications. There were 2775 (43.8%) patients on anticoagulant (OAC) use. On
multivariate analysis, (i) multimorbidity was associated with a higher odds ratio of the composite
outcome (OR: 2.04; 95% CI: 1.49–2.79), all-cause death (OR: 1.82; 95% CI: 1.31–2.54), cardiovascular
death (OR: 2.05; 95% CI: 1.13–3.69), any TE (OR: 2.69; 95% CI: 1.29–5.62), and major bleeding (OR:
2.61; 95% CI: 1.25–5.45); (ii) polypharmacy was associated with a lower odds ratio of all-cause death
(OR: 0.78; 95% CI: 0.63–0.96). The use of OAC was safe and was associated with a lower odds ratio
of the composite outcome and all-cause death in all subgroups of patients. Conclusions: Multimor-
bidity and polypharmacy were common among elderly AF Chinese patients. Multimorbidity was
an independent predictor of adverse clinical outcomes. The use of OAC was safe and significantly
improved survival amongst AF patients with multimorbidity and polypharmacy.

Keywords: atrial fibrillation; China; management; multimorbidity; polypharmacy

1. Introduction

Atrial fibrillation (AF) is the most common sustained arrhythmia, and its increasing
prevalence is driven by population aging and being overburdened with comorbidities [1–3].
The co-incidence of multiple morbidities is common amongst AF patients [4], affecting
approximately 70–80% of elderly AF patients [5–7].
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Previous studies confirmed that multimorbidity is associated with worse clinical
outcomes among AF patients [8]; the all-cause death rate is six-fold higher than in AF
patients without concomitant health problems [9]. Moreover, the diagnosis of heart failure,
chronic obstructive pulmonary disease, and osteoporosis were attributed to a higher risk
of all-cause death in AF patients with multimorbidity [10]. However, data on multimor-
bidity and polypharmacy among Asian patients with AF are scarce, especially among
elderly individuals.

This analysis evaluates the prognosis and impact of multimorbidity and polypharmacy
on clinical outcomes and AF management among elderly Chinese patients included in a
prospective nationwide registry.

2. Materials and Methods

The Optimal Thromboprophylaxis in Elderly Chinese Patients with Atrial Fibrillation
(ChiOTEAF) registry is a prospective cohort study conducted between October 2014 and
December 2018 in 44 sites from 20 Chinese provinces. The study protocol has been previ-
ously published [11]. Consecutive AF patients presenting to cardiologists, neurologists,
or surgeons were enrolled. Data were gathered by local investigators at enrollment and
follow-up visits and reported into an electronic form. Follow-up visits were performed at
6 and 12 months, and then annually for the following 2 years. The present analysis was
focused on the primary endpoint at the 1 year follow-up of the initial cohort.

2.1. Ethics Statement

The registry was approved by the Central Medical Ethics Committee of Chinese PLA
General Hospital, Beijing, China (approval no S2014-065-01) and local institutional review
boards. Written informed consent was obtained from all individual participants included
in the study.

2.2. Objectives

The principal objectives were as follows: (i) to describe the baseline characteristics
of patients with multimorbidity and polypharmacy; (ii) to evaluate the impact of multi-
morbidity and polypharmacy on clinical outcomes, including the composite outcome of
all-cause death/any thromboembolism (TE; ischemic stroke, transient ischemic attack, or
peripheral embolism), as well as individual endpoints of all-cause death, cardiovascular
death, TE events, and major bleeding; (iii) to identify potential predictors of the compos-
ite outcome in patients with multimorbidity; (iv) to assess the impact of multimorbidity
and polypharmacy on AF management; and (v) to assess the efficacy and safety of oral
anticoagulation (OAC) among these subgroups.

2.3. Definitions

‘Multimorbidity’ was defined as the co-incidence of two or more morbidities (in
addition to AF) at enrolment among patients with AF [12,13]. For our analysis, we included
diabetes mellitus, lipid disorder, prior ischemic stroke, chronic kidney disease, heart failure,
coronary artery disease, hypertension, chronic liver disease, chronic obstructive pulmonary
disease, and sleep apnea.

‘Polypharmacy’ was defined as the concomitant use of five or more medications
(regardless of the reasons and utility) at enrolment [14]. For our analysis, we included
angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers, β-blockers,
statins, digoxin, amiodarone, propafenone, diuretics, calcium channel blockers, nitrates,
insulin, sulfonylureas, biguanides, antiplatelet agents, and OACs.

The CHA2DS2-VASc score [15] and the HAS-BLED bleeding score [16] were used to
assess the thromboembolic (TE) and bleeding risks. Bleeding events were categorized ac-
cording to the ISTH definition [17]. AF management was described by OAC-use (including
12-month persistence) and the use of rate or rhythm control procedures (i.e., electrical or
pharmacological cardioversion, AF ablation, and cardiac implantable electronic device
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implantation). The effectiveness of OACs was assessed by the odds of the composite
outcome, all-cause death, cardiovascular death, TE events, and safety by the odds of major
bleeding at 1-year follow-up amongst study subgroups. Other variables included in the
registry and their definitions were designed to match the EORP-AF Long-term General
Registry [18] (see Supplementary Data, Methods).

2.4. Study Outcomes

Thromboembolism included ischemic stroke, transient ischemic attack (TIA), pul-
monary embolism, deep vein thromboembolism, and other thromboembolisms (peripheral
embolism, atrial thrombus, and left atrial appendage thrombus, etc.).

Major bleeding was defined as clinically overt bleeding accompanied by one or more
of the following: a decrease in the blood hemoglobin level of more than 2.0 g/dL or more
over 24 h, the need for a transfusion of 2 or more units of packed red cells, the need for
corrective surgery, or the bleeding at a critical site (extracranial, intraspinal, intraocular,
pericardial, intraarticular, intramuscular with compartment syndrome, or retroperitoneal).

All-cause death included cardiac death, vascular death, and non-cardiovascular death.
Cardiac death included death caused by STEMI/NSTEMI, heart failure (HF), arrhythmia,
cardiac perforation/tamponade, and other deaths of cardiac origin. Vascular death in-
cluded death ascribed to ischemic stroke, hemorrhagic stroke, systemic bleeding, peripheral
embolism, and pulmonary embolism.

2.5. Statistical Analysis

Continuous variables were reported as mean ± standard deviation (SD); between-
group comparisons were made using the Student’s t-test or the Mann–Whitney U test
(based on distribution). Categorical variables were reported as counts and percentages;
between-group comparisons were made by χ2 test. Patient-reported quality of life was
assessed by the EuroQol five dimensions questionnaire (EQ-5D-5L) [19]. The quality of life
was assessed based on the EQ summary index (ranged from 0 to 1; the score of 1 indicates
the best health state) estimated from the EQ-5D-5L value set for China [20]. A logistic
univariate regression analysis was used to assess the predictors of the composite outcome
in the multimorbidity group. The significant variables of relevant clinical interests were
subsequently included in a multivariate regression model. Finally, logistic regression
analysis assessed the age-adjusted association between the (i) multimorbidity, (ii) polyphar-
macy and clinical outcomes, as well as AF management. We provided additional analyses
for AF patients multimorbidity and polypharmacy (combined); as well as for the not-
anticoagulated subgroup.

In all analyses, a p value < 0.05 was considered statistically significant. Statistical
analysis was performed using SPSS® version 24 (IBM Corp, Armonk, NY, USA).

3. Results

The ChiOTEAF registry enrolled 7077 patients, of whom 657 (9.3%) were lost to follow-
up at 1 year (Figure 1). The eligible cohort for this analysis included 6341 individuals
(mean age 74.8 ± 10.7; 39.1% female); of these, 4644 (73.2%) had multimorbidity at baseline
(the multimorbidity group; Supplementary Data Figure S1), and 2262 (35.7%) were treated
with five or more medications (the polypharmacy group). A subgroup of 2084 (32.9%)
patients had both multimorbidity and polypharmacy. Baseline characteristics are reported
in Table 1.
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Table 1. Baseline characteristics of the study cohort.

Total
N = 6341

n (%)

Multi
Morbidity

Group
N = 4644

n (%)

Non-Multi
Morbidity

Group
N = 1697

n (%)

p

Polypharmacy
Group

N = 2262
n (%)

Non-Polypharmacy
Group

N = 4079
n (%)

p

Age *; years 74.7
±10.7

76.5
±10.2

69.9
±10.4 <0.001 76.4

±10.0
73.8
±10.9 <0.001

Female gender 2477
(39.1)

1811
(39.0)

666
(39.2) 0.857 929

(41.1)
1548
(38.0) 0.015

BMI * [kg/m2] 24.1
±3.6

24.2
±3.7

23.9
±3.5 0.006 24.6

±3.6
23.9
±3.6 <0.001

First diagnosed AF 941
(17.2)

675
(17.2)

266
(17.4) 0.886 346

(18.3)
595

(16.7) 0.120

Medical history

Diabetes mellitus 1611
(26.2)

1596
(34.4)

65
(38.8) <0.001 939

(41.5)
722

(17.7) <0.001

Hypertension 4045
(63.8)

3518
(75.8)

527
(31.1) <0.001 1789

(79.1)
2256
(55.3) <0.001

Heart failure 2258
(35.6)

2109
(45.4)

149
(8.8) <0.001 1144

(50.6)
1144
(27.3) <0.001

Coronary artery disease 3006
(47.4)

2909
(62.6)

97
(5.7) <0.001 1513

(66.9)
1493
(36.6) <0.001

Liver disease 253
(4.0)

230
(5.0)

23
(1.4) <0.001 86

(3.8)
167
(4.1) 0.569

Lipid disorder 2788
(44.0)

2655
(57.2)

133
(4.8) <0.001 1354

(59.9)
1434
(35.2) <0.001

Prior ischemic Stroke 1580
(24.9)

1517
(32.7)

63
(3.7) <0.001 700

(44.3)
880

(21.6) <0.001

Chronic kidney disease 784
(12.4)

770
(16.6)

14
(1.8) <0.001 372

(16.4)
412

(10.1) <0.001

COPD 595
(9.4)

576
(12.4)

19
(1.1) <0.001 247

(10.9)
348
(8.5) 0.002

Sleep apnea 205
(3.2)

197
(4.2)

8
(0.5) <0.001 99

(4.4)
106
(2.6) <0.001

Dementia 221
(3.5)

198
(4.3)

23
(1.4) <0.001 90

(4.0)
131
(3.2) 0.111

Cancer 684
(10.8)

494
(10.6)

190
(11.2) 0.525 189

(8.4)
495

(12.1) <0.001

Hyperthyroidism (n = 6198) 109
(1.8)

74
(1.6)

35
(2.1) 0.220 31

(1.4)
78

(2.0) 0.116

Hypothyroidism
(n = 6194)

249
(4.0)

212
(4.7)

37
(2.2) <0.001 111

(5.0)
138
(3.5) 0.003

Prior major bleeding
(n = 6338)

265
(4.2)

235
(5.1)

30
(1.8) <0.001 90

(4.0)
175
(4.3) 0.552

CHA2DS2VASc *
(n = 5908)

3.6
±1.7

4.1
±1.6

2.3
±1.1 <0.001 4.3

±1.7
3.2
±1.6 <0.001

HAS-BLED *
(n = 6013)

2.2
±1.1

2.4
±1.1

1.4
±0.8 <0.001 2.5

±1.1
1.9
±1.1 <0.001
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Table 1. Cont.

Total
N = 6341

n (%)

Multi
Morbidity

Group
N = 4644

n (%)

Non-Multi
Morbidity

Group
N = 1697

n (%)

p

Polypharmacy
Group

N = 2262
n (%)

Non-Polypharmacy
Group

N = 4079
n (%)

p

Medications

OAC 2775
(43.8)

1947
(41.9)

828
(48.8) <0.001 1127

(49.8)
1648
(40.4) <0.001

- VKA 1329
(21.0)

960
(20.7)

369
(21.7) 0.353 569

(25.2)
760

(18.6) <0.001

- NOAC 1446
(22.8)

987
(21.3)

459
(27.0) <0.001 557

(24.6)
889

(21.8) 0.010

Antiplatelet 2604
(41.1)

2232
(48.1)

372
(14.3) <0.001 1337

(59.1)
1267
(31.1) <0.001

- Aspirin (n = 6340) 1803
(28.4)

1538
(33.1)

265
(15.6) <0.001 938

(41.5)
865

(21.2) <0.001

- Clopidogrel (n = 6337) 1259
(19.9)

1133
(24.4)

126
(7.4) <0.001 690

(30.5)
569

(14.0) <0.001

- Ticagrelor (n = 6340) 25
(0.4)

19
(0.4)

6
(0.4) 0.754 14

(0.6)
11

(0.3) 0.033

Dual Antiplatelet
(n = 6336)

540
(8.5)

496
(10.7)

44
(8.1) <0.001 326

(14.4)
214
(5.2) <0.001

OAC + Antiplatelet 392
(6.2)

351
(7.6)

41
(2.4) <0.001 311

(13.7)
81

(2.0) <0.001

Digoxin 745
(11.7)

604
(13.0)

141
(8.3) <0.001 487

(21.5)
258
(6.3) <0.001

β-blockers 3360
(53.0)

2710
(58.4)

650
(38.3) <0.001 1732

(76.6)
1628
(39.9) <0.001

Amiodarone 912
(14.4)

577
(12.4)

335
(19.7) <0.001 398

(17.6)
514

(12.6) <0.001

Propafenone 288
(4.5)

158
(3.4)

130
(7.7) <0.001 82

(3.6)
206
(5.1) 0.009

ACE-I 835
(13.2)

717
(15.4)

118
(7.0) <0.001 509

(22.5)
326
(8.0) <0.001

ARB 1633
(25.8)

1357
(29.2)

276
(16.3) <0.001 968

(42.8)
665

(16.3) <0.001

Calcium channel blockers 1703
(26.9)

1444
(31.1)

259
(15.3) <0.001 971

(42.9)
732

(17.9) <0.001

Diuretics 1794
(28.3)

1563
(33.7)

231
(13.6) <0.001 1134

(50.1)
660

(16.2) <0.001

Statins 3583
(56.5)

3123
(67.2)

460
(27.1) <0.001 1893

(83.7)
1690
(41.4) <0.001

Insuline 450
(7.1)

430
(9.3)

20
(1.2) <0.001 333

(14.7)
117
(2.9) <0.001

Sulfynylureas 325
(5.1)

308
(6.6)

17
(1.0) <0.001 242

(10.7)
83

(2.0) <0.001

Biguanide 400
(6.3)

374
(8.1)

26
(1.5) <0.001 293

(13.0)
107
(2.6) <0.001

Nitrates 1549
(24.4)

1417
(30.5)

132
(7.8) <0.001 1083

(47.9)
466

(11.4) <0.001

Polypharmacy 2262
(35.7)

2084
(44.9)

178
(10.5) <0.001 - - -

Quality of life

EHRA score *
(n = 3888)

1.6
±0.5

1.6
±0.5

1.5
±0.5 <0.001 1.6

±0.5
1.5
±0.5 0.047

EQ index *
(n = 5701)

0.83
±0.18

0.81
±0.19

0.88
±1.48 <0.001 0.80

±0.19
0.84
±0.17 <0.001

AF management

OAC persistence at 12-month (n = 5931) 2267
(38.2)

1713
(40.0)

554
(33.5) <0.001 951

(44.8)
1316
(34.6) <0.001

Electrical cardioversion (n = 6336) 43
(0.7)

28
(0.6)

15
(0.9) 0.227 17

(0.8)
26

(0.6) 0.597

Pharmacological cardioversion (n = 6336) 571
(9.0)

434
(9.4)

137
(8.1) 0.118 289

(12.8)
282
(6.9) <0.001

AF ablation
(n = 6336)

754
(11.9)

360
(7.8)

394
(23.2) <0.001 182

(8.0)
572

(14.0) <0.001

CIED
(n = 6336)

511
(8.1)

432
(9.3)

79
(4.7) <0.001 209

(9.2)
302
(7.4) 0.010

* Mean ± standard deviation. ACE-I—angiotensin-converting enzyme inhibitor; AF—atrial fibrillation;
ARB—angiotensin II receptor blocker; BMI—body mass index; CHA2DS2VASc—Congestive heart failure/left
ventricular dysfunction, Hypertension, Age ≥ 75 (doubled), Diabetes, Stroke (doubled), Vascular disease,
Age 65–74, female Sex; COPD—chronic obstructive pulmonary disease; CIED—cardiac implantable electronic
device; EHRA—European Heart Rhythm Association; EQ—EuroQoL; HAS-BLED—hypertension, abnormal
renal/liver function, stroke, bleeding history or predisposition, the labile international normalized ratio [INR],
elderly, and drugs/alcohol use; NOAC—non-vitamin K antagonist oral anticoagulant; OAC—oral anticoagulation;
VKA—vitamin K antagonist.
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Patients with multimorbidity were older (mean age of 76.5 ± 10.2 vs. 69.9 ± 10.4;
p < 0.001), with a higher risk of stroke (mean CHA2DS2VASc score of 4.1 ± 1.6 vs. 2.3 ± 1.1;
p < 0.001) and bleeding (HAS-BLED score of 2.4 ± 1.1 vs. 1.4 ± 0.8; p < 0.001). In the multi-
morbidity group, the most prevalent comorbidities were hypertension (75.8%), coronary
artery disease (62.6%), and lipid disorders (57.2%).

Patients with polypharmacy were older (mean age of 76.4 ± 10.0 vs. 73.8 ± 10.9;
p < 0.001), with a higher proportion of OAC-treated patients (49.8% vs. 40.4%; p < 0.001)
compared with the non-polypharmacy group. Interestingly, a higher persistence to OAC
therapy at 12-month was observed in the polypharmacy group (44.8% vs. 34.6%; p < 0.001).
The most prevalent medications in the polypharmacy group were statins (83.7%), β-blockers
(76.6%), and antiplatelets (59.1%).

3.1. Mortality and Morbidity

Of the overall study cohort, 435 (6.8%) patients died between the enrolment and the
1-year follow-up visit; and 390 (89.6%) deaths occurred in the multimorbidity group; whilst
151 (34.7%) died in the polypharmacy group. Rates of adverse events at 1 year follow-up
are reported in Supplementary Data Table S1.

Patients with multimorbidity had higher rates of the composite outcome (9.9% vs. 2.8%;
p < 0.001), all-cause death (8.4% vs. 2.5%; p < 0.001), cardiovascular death (2.3% vs. 0.8%;
p < 0.001), any TE (2.0% vs. 0.5%; p < 0.001), and major bleeding (2.0% vs. 0.5%; p < 0.001),
compared to the non-multimorbidity group. Multimorbidity was associated with a higher
odds ratio (OR) of composite outcome (OR: 2.04; 95% confidence interval [CI]: 1.49–2.79),
all-cause death (OR: 1.82; 95% CI: 1.31–2.54), cardiovascular death (OR: 2.05; 95% CI:
1.13–3.69), any TE (OR: 2.69; 95% CI: 1.29–5.62), and major bleeding (OR: 2.61; 95% CI:
1.25–5.45)—Table 2.

In patients with polypharmacy (vs. non-polypharmacy group), no statistically signifi-
cant differences were found in the rates of these clinical outcomes. However, polypharmacy
was associated with a lower (age-adjusted) odds ratio of all-cause death (OR: 0.78; 95% CI:
0.63–0.96)—Table 2.

Table 2. The effects of multimorbidity and polypharmacy on clinical outcomes (composite outcome;
all-cause death; cardiovascular death; any thromboembolism; major bleeding).

Multimorbidity Polypharmacy Multimorbidity and Polypharmacy

Odds Ratio * 95% CI Odds Ratio * 95% CI Odds Ratio * 95% CI

Composite outcome # 2.04 1.49–2.79 0.83 0.68–1.01 0.87 0.71–1.06
All-cause death 1.82 1.31–2.54 0.78 0.63–0.96 0.81 0.65–1.01

Cardiovascular death 2.05 1.13–3.69 1.02 0.71–1.48 1.08 0.74–1.56
Any TE 2.69 1.29–5.62 1.03 0.69–1.54 1.12 0.75–1.69

Major bleeding 2.61 1.25–5.45 1.16 0.78–1.74 1.21 0.81–1.82

* Adjusted for age. # Composite outcome of all-cause death/any thromboembolism. TE—thromboembolism;
CI—confidence interval.

3.2. Multivariate Analysis

During multivariate analysis (Table 3), independent variables associated with the
composite outcome of all-cause death/any TE in patients with multimorbidity were as
follows: (i) the use of OAC (OR: 0.49; 95% CI: 0.38–0.63) and polypharmacy (OR: 0.73; 95%
CI: 0.58–0.91) were protective; and (ii) age (OR: 1.11; 95% CI: 1.09–1.12), heart failure (OR:
2.14; 95% CI: 1.71–2.69), prior ischemic stroke (OR: 1.47; 95% CI: 1.19–1.82), chronic kidney
disease (OR: 1.75; 95% CI: 1.38–2.21), and chronic obstructive pulmonary disease (OR: 1.61;
95% CI: 1.25–2.06) were associated with greater mortality.
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Table 3. Predictors of the composite outcome (all-cause death/any thromboembolism) among
patients with atrial fibrillation and multimorbidity.

Univariate Multivariate

Odds Ratio 95% CI p Odds Ratio 95% CI p

OAC 0.33 0.27–0.42 <0.001 0.49 0.38–0.63 <0.001

Age 1.14 1.12–1.15 <0.001 1.11 1.09–1.12 <0.001

Female gender 0.78 0.63–0.95 0.014 - - -

Diabetes mellitus 1.06 0.86–1.29 0.601

Hypertension 0.78 0.63–0.97 0.025 - - -

Heart failure 2.88 2.34–3.53 <0.001 2.14 1.71–2.69 <0.001

Coronary artery disease 1.31 1.07–1.61 0.010 - - -

Prior ischemic stroke 1.85 1.52–2.25 <0.001 1.47 1.19–1.82 <0.001

Chronic kidney disease 2.84 2.30–3.51 <0.001 1.75 1.38–2.21 <0.001

COPD 3.32 2.65–4.15 <0.001 1.61 1.25–2.06 <0.001

Sleep apnea 0.99 0.62–1.59 0.964

Antiplatelet therapy 1.08 0.89–1.31 0.407

Polypharmacy 0.77 0.63–0.93 0.008 0.73 0.58–0.91 0.005

CI—confidence interval; COPD—chronic obstructive pulmonary disease; OAC—oral anticoagulation.

3.3. AF Management

Multimorbidity was associated with a higher odds ratio of antiplatelet use (OR: 2.87;
95% CI: 2.51–3.27), OAC persistence at 12 months (OR: 1.43; 95% CI: 1.26–1.62), and
cardiovascular implantable electronic device use (OR: 1.54; 95% CI: 1.19–1.99), but a lower
proportion of AF ablation (7.8% vs. 23.2%; p < 0.001); see Supplementary Data Table S2.
Patients with five or more comorbidities had the lowest odds ratio of OAC prescription
(OR: 0.63; 95% CI: 0.51–0.78); see Supplementary Data Table S3.

Polypharmacy was associated with an OAC prescription (OR: 1.66; 95% CI: 1.49–1.85),
OAC persistence at 12 months (OR: 1.59; 95% CI: 1.42–1.78), pharmacological cardioversion
(OR: 1.92; 95% CI: 1.61–2.29), as well as antiplatelet use (OR: 3.05; 95% CI: 2.74–3.39), but a
lower odds ratio of AF ablation (OR: 0.66; 95% CI: 0.55–0.79).

3.4. Impact of Oral Anticoagulation

In the overall cohort, OAC use was associated with a lower odds ratio of the composite
outcome and all-cause death, regardless of the number of comorbidities (Supplementary
Data Table S4). In patients with polypharmacy, the use of OAC was related to a lower odds
ratio of the composite outcome (polypharmacy: OR: 0.32; 95% CI: 0.23–0.45) and all-cause
death (OR: 0.33; 95% CI: 0.23–0.48); see Supplementary Data Table S5.

We performed a separate analysis of clinical outcomes among non-anticoagulated
patients (Supplementary Data, Table S5). In this subgroup, multimorbidity was associated
with a higher odds ratio of the composite outcome (OR: 1.89; 95% CI: 1.33–2.68), all-cause
death (OR: 1.65; 95% CI: 1.15–2.38), and any TE (OR: 3.77; 95% CI: 1.36–10.45).

4. Discussion

The ChiOTEAF registry provides contemporary management among elderly Chinese
AF patients, along with 1 year follow-up data [21]. This analysis focused on multimorbidity
and polypharmacy, evaluating their impact on clinical outcomes and AF management. To
our knowledge, this is the first large-cohort study assessing these issues in Asian patients.

The primary findings of the present study are as follows: (i) 73.2% of elderly AF
patients had multimorbidity, while polypharmacy was present in 35.7% of patients; (ii) mul-
timorbidity was associated with higher rates of the composite outcome, all-cause death,
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cardiovascular death, any TE, and major bleeding; and was an independent predictor of the
adverse clinical outcomes; (iii) the independent predictors of the composite outcome among
multimorbidity patients were the non-use of OAC, age, heart failure, prior ischemic stroke,
chronic kidney disease, chronic obstructive pulmonary disease, and non-polypharmacy;
(iv) multimorbidity was associated with a higher odds ratio of antiplatelet use and rate
control strategy; and (v) OAC use was safe and improved survival in AF patients with
multimorbidity, as well as polypharmacy.

Multimorbidity and polypharmacy are commonly associated with older patients and
impairment of their clinical status [5,22,23]. It is challenging for clinicians to prescribe
OACs to elderly patients with comorbidities and increased polypharmacy because of
unclear clinical net benefit. The present study shows how OAC has reduced the composite
outcome of all-cause death and any thromboembolism in this complex AF population with
multimorbidity, re-emphasizing the importance of optimal thromboprophylaxis. Given
that our study cohort was comprised of elderly AF patients, the vast majority (73.2%) had
multimorbidity, and a third had polypharmacy. Previous studies have confirmed that
various risk factors and comorbidities concomitant with AF (such as older age, heart failure,
coronary artery disease, and diabetes) are associated with the risk of hospitalization and
death [24]. In our analysis, the independent predictors of the composite outcome (all-cause
death/any TE) among multimorbidity patients were the non-use of OAC, age, heart failure,
prior ischemic stroke, chronic kidney disease, chronic obstructive pulmonary disease, and
non-polypharmacy. Furthermore, we found that multimorbidity (but not polypharmacy)
was associated with higher rates of the composite outcome, all-cause death, cardiovascular
death, any TE, and major bleeding, and was an independent predictor of the adverse
clinical outcomes.

Instead, polypharmacy was protective against the composite outcome of all-cause
death/any TE. These may reflect the adequate care provided to these complex patients,
including a higher number of patients persistent to OAC at 12 months compared with
the non-polypharmacy group. Our previous analysis showed a slightly better persistence
among patients prescribed with a NOAC (than warfarin); in particular among those treated
with rivaroxaban (the once-daily dosing regimen), compared with dabigatran (twice-daily
regimen) [25].

Furthermore, the differences in AF management were evident across the study cohort.
Of note, the rhythm control strategy was limited, and AF ablation was performed only in
11.9% of the overall study cohort. Consistent with previous data [26], patients with multi-
morbidity were more often treated with digoxin; while amiodarone and propafenone were
used in non-multimorbidity patients. Multimorbidity and polypharmacy were associated
with a lower odds ratio of AF ablation.

Another aspect is the low number of anticoagulated patients (42% of patients in the
multimorbidity group), despite a high risk of TE events. In our previous study, guideline
adherent OAC use was found to be safe among elderly Chinese AF patients [25]. Notably,
in this analysis, the efficacy and safety of OACs were sustained regardless of the number
of comorbidities or the presence of polypharmacy. Interestingly, we found that patients
with multimorbidity were less likely to be prescribed with a NOAC; instead, these patients
had a three-fold higher odds ratio of antiplatelet use. This may reflect the ‘real-life’ clinical
practice, in which elderly with multimorbidity or polypharmacy are not prescribed with
OAC due to a fear of bleeding and drug–drug interactions [27]. Of note, among non-
anticoagulated patients, multimorbidity was significantly attributed to the composite
outcome, as well as all-cause death and TE events.

Previous studies showed that NOACs were more effective than warfarin, and (at
least) just as safe in patients with polypharmacy [28,29]. In the recent analysis, efficacy
and safety of apixaban were preserved in AF patients with multimorbidity, extending trial
results to the most complex individuals [30]. Of note, the ARISTOPHANES subgroup
analysis evaluated the effectiveness and safety of OAC in AF patients with multimorbidity
(defined as six or more comorbidities) [31]. Apixaban and rivaroxaban were associated
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with a lower risk of TE, while apixaban and dabigatran had a lower risk of major bleeding
than warfarin [31].

Multimorbidity and polypharmacy are highly prevalent in AF patients, but it should
not be a reason to withhold OAC therapy. Instead, these patients should be involved into an
integrated holistic care model to improve their clinical outcomes and quality of life [32,33].
Due to fewer drug–drug interactions (compared with VKA), NOACs should be preferred
in AF patients with polypharmacy and multimorbidity [34].

Limitations

The primary limitation of the ChiOTEAF registry is its observational character. Pa-
tients were enrolled in 44 centers for a relatively long recruitment period, implying a
potential bias and variability in the local AF management. We found that a moderate pro-
portion of patients were lost to follow-up (9.3%), and the causes of 67 deaths (15.4%) were
unknown. The number of adverse clinical events, as well as AF-related procedures, may be
underreported. Data on anticoagulation control, the use of traditional Chinese medicines,
and management of comorbidities/cardiovascular risk factors were not available and could
not be considered in the analysis.

5. Conclusions

Multimorbidity and polypharmacy were common among elderly AF Chinese patients.
Multimorbidity was an independent predictor of adverse clinical outcomes. The use of OAC
was safe and significantly improved survival amongst AF patients with multimorbidity
and polypharmacy.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm11051370/s1, Methods: Definitions; Table S1: Rates of the
clinical outcomes: composite outcome; all-cause death; cardiovascular death; any thromboembolism;
and major bleeding among patients with multimorbidity (A), polypharmacy (B), and multimorbidity
and polypharmacy (C); Table S2: The effects of multimorbidity and polypharmacy on the AF manage-
ment; Table S3: The number of comorbidities and their effect on OAC prescription among AF patients;
Table S4: Efficacy and safety of OAC in AF patients regarding the number of comorbidities, in AF pa-
tients with polypharmacy, and in AF patients with multimorbidity and polypharmacy; Table S5: The
effects of multimorbidity and polypharmacy on clinical outcomes (composite outcome; all-cause
death; cardiovascular death; any thromboembolism; major bleeding) among non-anticoagulated pa-
tients; Figure S1: Proportion of patients with atrial fibrillation according to number of comorbidities;
List of ChiOTEAF registry investigators.

Author Contributions: A.K. and Y.G. contributed equally to design the study, interpret data, and
draft the manuscript (joint first authors); Y.W. and G.Y.H.L. contributed in the interpretation of data,
and revised the manuscript critically for important intellectual content (joint senior authors). All
authors have read and agreed to the published version of the manuscript.

Funding: The study was supported by Beijing Natural Science Foundation, China (Z141100002114050),
and Chinese Military Health Care (17BJZ08).

Institutional Review Board Statement: This study was performed in line with the principles of the
Declaration of Helsinki. Ethics approval was granted by the Central Medical Ethic Committee of
Chinese PLA General Hospital (approval no S2014-065-01).

Informed Consent Statement: Written informed consent was obtained from all individual partici-
pants included in the study.

Data Availability Statement: The datasets used and analyzed during the current study are available
from the corresponding author on reasonable request.

Acknowledgments: The Authors would like to thank all the participants into the ChiOTEAF for
their contributions.

Conflicts of Interest: G.Y.H.L.: Consultant and speaker for BMS/Pfizer, Boehringer Ingelheim, and
Daiichi-Sankyo. No fees were received personally. The other authors have no conflict of interest.

https://www.mdpi.com/article/10.3390/jcm11051370/s1
https://www.mdpi.com/article/10.3390/jcm11051370/s1


J. Clin. Med. 2022, 11, 1370 10 of 11

References
1. Krijthe, B.P.; Kunst, A.; Benjamin, E.J.; Lip, G.Y.H.; Franco, O.H.; Hofman, A.; Witteman, J.C.; Stricker, B.H.; Heeringa, J. Projections

on the number of individuals with atrial fibrillation in the European Union, from 2000 to 2060. Eur. Heart J. 2013, 34, 2746–2751.
[CrossRef] [PubMed]

2. Hindricks, G.; Potpara, T.; Dagres, N.; Arbelo, E.; Bax, J.J.; Blomström-Lundqvist, C.; Boriani, G.; Castella, M.; Dan, G.-A.;
Dilaveris, P.E.; et al. 2020 ESC Guidelines for the diagnosis and management of atrial fibrillation developed in collaboration
with the European Association of Cardio-Thoracic Surgery (EACTS): The Task Force for the diagnosis and management of atrial
fibrillation of the European. Eur. Heart J. 2021, 42, 373–498. [CrossRef] [PubMed]

3. Burdett, P.; Lip, G.Y.H. Atrial Fibrillation in the United Kingdom: Predicting Costs of an Emerging Epidemic Recognising and
Forecasting the Cost Drivers of Atrial Fibrillation-related costs. Eur. Heart J. Qual. Care Clin. Outcomes 2020, qcaa093. [CrossRef]

4. Lip, G.Y.H.; Tran, G.; Genaidy, A.; Marroquin, P.; Estes, C.; Harrelll, T. Prevalence/incidence of atrial fibrillation based on
integrated medical/pharmacy claims, and association with co-morbidity profiles/multi-morbidity in a large US adult cohort. Int.
J. Clin. Pract. 2021, 75, e14042. [CrossRef]

5. Kozieł, M.; Simovic, S.; Pavlovic, N.; Kocijancic, A.; Paparisto, V.; Music, L.; Trendafilova, E.; Dan, A.R.; Kusljugic, Z.; Dan, G.-A.; et al.
Impact of multimorbidity and polypharmacy on the management of patients with atrial fibrillation: Insights from the BALKAN-
AF survey. Ann. Med. 2021, 53, 17–25. [CrossRef]

6. Barnett, K.; Mercer, S.W.; Norbury, M.; Watt, G.; Wyke, S.; Guthrie, B. Epidemiology of multimorbidity and implications for health
care, research, and medical education: A cross-sectional study. Lancet 2012, 380, 37–43. [CrossRef]

7. Abu, H.O.; Saczynski, J.; Mehawej, J.; Paul, T.; Awad, H.; Bamgbade, B.A.; Pierre-Louis, I.C.; Tisminetzky, M.; Kiefe, C.I.; Goldberg, R.J.; et al.
Multimorbidity, physical frailty, and self-rated health in older patients with atrial fibrillation. BMC Geriatr. 2020, 20, 343.
[CrossRef]

8. Proietti, M.; Marzona, I.; Vannini, T.; Tettamanti, M.; Fortino, I.; Merlino, L.; Basili, S.; Mannucci, P.M.; Boriani, G.; Lip, G.Y.; et al.
Long-Term Relationship Between Atrial Fibrillation, Multimorbidity and Oral Anticoagulant Drug Use. Mayo Clin. Proc. 2019, 94,
2427–2436. [CrossRef]

9. Jani, B.D.; Nicholl, B.I.; McQueenie, R.; Connelly, D.T.; Hanlon, P.; Gallacher, K.I.; Lee, D.; Mair, F.S. Multimorbidity and
co-morbidity in atrial fibrillation and effects on survival: Findings from UK Biobank cohort. Europace 2018, 20, f329–f336.
[CrossRef]

10. Proietti, M.; Romiti, G.F.; Olshansky, B.; Lane, D.A.; Lip, G.Y.H. Comprehensive Management with the ABC (Atrial Fibrillation
Better Care) Pathway in Clinically Complex Patients with Atrial Fibrillation: A Post Hoc Ancillary Analysis from the AFFIRM
Trial. J. Am. Heart Assoc. 2020, 9, e014932. [CrossRef]

11. Guo, Y.; Wang, Y.; Li, X.; Shan, Z.; Shi, X.; Xi, G.; Lip, G.Y.H. Optimal Thromboprophylaxis in Elderly Chinese Patients with Atrial
Fibrillation (ChiOTEAF) registry: Protocol for a prospective, observational nationwide cohort study. BMJ Open 2018, 8, e020191.
[CrossRef] [PubMed]

12. Diederichs, C.; Berger, K.; Bartels, D.B. The measurement of multiple chronic diseases—A systematic review on existing
multimorbidity indices. J. Gerontol. A Biol. Sci. Med. Sci. 2011, 66, 301–311. [CrossRef]

13. van den Akker, M.; Buntinx, F.; Knottnerus, J.A. Comorbidity or multimorbidity. Eur. J. Gen. Pract. 1996, 2, 65–70. [CrossRef]
14. Viktil, K.K.; Blix, H.S.; Moger, T.A.; Reikvam, A. Polypharmacy as commonly defined is an indicator of limited value in the

assessment of drug-related problems. Br. J. Clin. Pharmacol. 2007, 63, 187–195. [CrossRef] [PubMed]
15. Lip, G.Y.H.; Nieuwlaat, R.; Pisters, R.; Lane, D.A.; Crijns, H.J.G.M. 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 fibrillation.
Chest 2010, 137, 263–272. [CrossRef]

16. Pisters, R.; Lane, D.A.; Nieuwlaat, R.; de Vos, C.B.; Crijns, H.J.; Lip, G.Y. 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, 1093–1100. [CrossRef]

17. Schulman, S.; Kearon, C. Definition of major bleeding in clinical investigations of antihemostatic medicinal products in non-
surgical patients. J. Thromb. Haemost. 2005, 3, 692–694. [CrossRef]

18. Lip, G.Y.H.; Laroche, C.; Dan, G.-A.; Santini, M.; Kalarus, Z.; Rasmussen, L.H.; Oliveira, M.M.; Mairesse, G.; Crijns, H.J.;
Simantirakis, E.; et al. A prospective survey in European Society of Cardiology member countries of atrial fibrillation management:
Baseline results of EURObservational Research Programme Atrial Fibrillation (EORP-AF) Pilot General Registry. EP Eur. 2014, 16,
308–319. [CrossRef]

19. Dyer, M.T.D.; Goldsmith, K.A.; Sharples, L.S.; Buxton, M.J. A review of health utilities using the EQ-5D in studies of cardiovascular
disease. Health Qual. Life Outcomes 2010, 8, 13. [CrossRef]

20. Luo, N.; Liu, G.; Li, M.; Guan, H.; Jin, X.; Rand-Hendriksen, K. Estimating an EQ-5D-5L Value Set for China. Value Health 2017, 20,
662–669. [CrossRef]

21. Guo, Y.; Wang, H.; Kotalczyk, A.; Wang, Y.; Lip, G.Y.H.; Investigators the CR. One-year Follow-up Results of the Optimal
Thromboprophylaxis in Elderly Chinese Patients with Atrial Fibrillation (ChiOTEAF) registry. J. Arrhythm. 2021, 37, 1227–1239.
[CrossRef] [PubMed]

22. Proietti, M.; Raparelli, V.; Olshansky, B.; Lip, G.Y.H. Polypharmacy and major adverse events in atrial fibrillation: Observations
from the AFFIRM trial. Clin. Res. Cardiol. 2016, 105, 412–420. [CrossRef]

http://doi.org/10.1093/eurheartj/eht280
http://www.ncbi.nlm.nih.gov/pubmed/23900699
http://doi.org/10.1093/eurheartj/ehaa612
http://www.ncbi.nlm.nih.gov/pubmed/32860505
http://doi.org/10.1093/ehjqcco/qcaa093
http://doi.org/10.1111/ijcp.14042
http://doi.org/10.1080/07853890.2020.1799241
http://doi.org/10.1016/S0140-6736(12)60240-2
http://doi.org/10.1186/s12877-020-01755-w
http://doi.org/10.1016/j.mayocp.2019.06.012
http://doi.org/10.1093/europace/eux322
http://doi.org/10.1161/JAHA.119.014932
http://doi.org/10.1136/bmjopen-2017-020191
http://www.ncbi.nlm.nih.gov/pubmed/29730624
http://doi.org/10.1093/gerona/glq208
http://doi.org/10.3109/13814789609162146
http://doi.org/10.1111/j.1365-2125.2006.02744.x
http://www.ncbi.nlm.nih.gov/pubmed/16939529
http://doi.org/10.1378/chest.09-1584
http://doi.org/10.1378/chest.10-0134
http://doi.org/10.1111/j.1538-7836.2005.01204.x
http://doi.org/10.1093/europace/eut373
http://doi.org/10.1186/1477-7525-8-13
http://doi.org/10.1016/j.jval.2016.11.016
http://doi.org/10.1002/joa3.12608
http://www.ncbi.nlm.nih.gov/pubmed/34621421
http://doi.org/10.1007/s00392-015-0936-y


J. Clin. Med. 2022, 11, 1370 11 of 11

23. Kozieł, M.; Teutsch, C.; Halperin, J.L.; Rothman, K.J.; Diener, H.-C.; Ma, C.-S.; Marler, S.; Lu, S.; Gurusamy, V.K.; Huisman, M.V.; et al.
Atrial fibrillation and comorbidities: Clinical characteristics and antithrombotic treatment in GLORIA-AF. PLoS ONE
2021, 16, e0249524. [CrossRef] [PubMed]

24. Steinberg, B.A.; Kim, S.; Fonarow, G.C.; Thomas, L.; Ansell, J.; Kowey, P.R.; Mahaffey, K.W.; Gersh, B.J.; Hylek, E.; Naccarelli, G.; et al.
Drivers of hospitalization for patients with atrial fibrillation: Results from the Outcomes Registry for Better Informed Treatment
of Atrial Fibrillation (ORBIT-AF). Am. Heart J. 2014, 167, 735–742.e2. [CrossRef] [PubMed]

25. Guo, Y.; Kotalczyk, A.; Imberti, J.F.; Wang, Y.; Lip, G.Y.H. Poor adherence to guideline-directed anticoagulation in elderly Chinese
patients with atrial fibrillation. A report from the Optimal Thromboprophylaxis in Elderly Chinese Patients with Atrial Fibrillation
(ChiOTEAF) registry. Eur. Heart J. Qual. Care Clin. Outcomes 2021, qcab054. [CrossRef] [PubMed]

26. Rasmussen, P.V.; Pallisgaard, J.L.; Hansen, M.L.; Gislason, G.H.; Torp-Pedersen, C.; Ruwald, M.; Alexander, K.P.; Lopes, R.D.;
Al-Khatib, S.M.; Dalgaard, F. Treatment of Older Patients with Atrial Fibrillation by Morbidity Burden. Eur. Heart J. Qual. Care
Clin. Outcomes 2020, 8, 23–30. [CrossRef]

27. Kotalczyk, A.; Mazurek, M.; Kalarus, Z.; Potpara, T.S.; Lip, G.Y.H. Stroke prevention strategies in high-risk patients with atrial
fibrillation. Nat. Rev. Cardiol. 2021, 18, 276–290. [CrossRef]

28. Jaspers Focks, J.; Brouwer, M.A.; Wojdyla, D.M.; Thomas, L.; Lopes, R.D.; Washam, J.B.; Lanas, F.; Xavier, D.; Husted, S.;
Wallentin, L.; et al. Polypharmacy and effects of apixaban versus warfarin in patients with atrial fibrillation: Post hoc analysis of
the ARISTOTLE trial. BMJ 2016, 353, i2868. [CrossRef]

29. Millenaar, D.; Schumacher, H.; Brueckmann, M.; Eikelboom, J.W.; Ezekowitz, M.; Slawik, J.; Ewen, S.; Ukena, C.; Wallentin, L.;
Connolly, S.; et al. Cardiovascular Outcomes According to Polypharmacy and Drug Adherence in Patients with Atrial Fibrillation
on Long-Term Anticoagulation (from the RE-LY Trial). Am. J. Cardiol. 2021, 149, 27–35. [CrossRef]

30. Alexander, K.P.; Brouwer, M.A.; Mulder, H.; Vinereanu, D.; Lopes, R.D.; Proietti, M.; Al-Khatib, S.M.; Hijazi, Z.; Halvorsen, S.;
Hylek, E.M.; et al. Outcomes of apixaban versus warfarin in patients with atrial fibrillation and multi-morbidity: Insights from
the ARISTOTLE trial. Am. Heart J. 2019, 208, 123–131. [CrossRef]

31. Deitelzweig, S.; Keshishian, A.; Kang, A.; Dhamane, A.D.; Luo, X.; Klem, C.; Rosenblatt, L.; Mardekian, J.; Jiang, J.; Yuce, H.; et al.
Use of Non-Vitamin K Antagonist Oral Anticoagulants Among Patients with Nonvalvular Atrial Fibrillation and Multimorbidity.
Adv. Ther. 2021, 38, 3166–3184. [CrossRef] [PubMed]

32. Lip, G.Y.H. The ABC pathway: An integrated approach to improve AF management. Nat. Rev. Cardiol. 2017, 14, 627–628.
[CrossRef] [PubMed]

33. Romiti, G.F.; Pastori, D.; Rivera-Caravaca, J.M.; Ding, W.Y.; Gue, Y.X.; Menichelli, D.; Gumprecht, J.; Kozieł, M.; Yang, P.-S.;
Guo, Y.; 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. 2021. [CrossRef] [PubMed]

34. Steffel, J.; Collins, R.; Antz, M.; Cornu, P.; Desteghe, L.; Haeusler, K.G.; Oldgren, J.; Reinecke, H.; Roldan-Schilling, V.; Rowell, N.; et al.
2021 European Heart Rhythm Association Practical Guide on the Use of Non-Vitamin K Antagonist Oral Anticoagulants in
Patients with Atrial Fibrillation. Eur. Pacing 2021, 23, 1612–1676. [CrossRef]

http://doi.org/10.1371/journal.pone.0249524
http://www.ncbi.nlm.nih.gov/pubmed/33852611
http://doi.org/10.1016/j.ahj.2014.02.003
http://www.ncbi.nlm.nih.gov/pubmed/24766985
http://doi.org/10.1093/ehjqcco/qcab054
http://www.ncbi.nlm.nih.gov/pubmed/34370024
http://doi.org/10.1093/ehjqcco/qcaa070
http://doi.org/10.1038/s41569-020-00459-3
http://doi.org/10.1136/bmj.i2868
http://doi.org/10.1016/j.amjcard.2021.03.024
http://doi.org/10.1016/j.ahj.2018.09.017
http://doi.org/10.1007/s12325-021-01724-8
http://www.ncbi.nlm.nih.gov/pubmed/33963511
http://doi.org/10.1038/nrcardio.2017.153
http://www.ncbi.nlm.nih.gov/pubmed/28960189
http://doi.org/10.1055/a-1515-9630
http://www.ncbi.nlm.nih.gov/pubmed/34020488
http://doi.org/10.1093/europace/euab065

	Introduction 
	Materials and Methods 
	Ethics Statement 
	Objectives 
	Definitions 
	Study Outcomes 
	Statistical Analysis 

	Results 
	Mortality and Morbidity 
	Multivariate Analysis 
	AF Management 
	Impact of Oral Anticoagulation 

	Discussion 
	Conclusions 
	References

