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Objective: To examine the effects of hypokalemia on the prognosis of older adult patients with atrial fibrillation (AF).

Methods: We enrolled 794 older adult patients > 75 years suffering from AF, and divided them into two groups according to the
inclusion and exclusion criteria: Group 1, (hypokalemia group), 246 cases, serum K'<3.5 mmol/L; Group 2, (normal blood potassium
group), 548 cases, 3.5mmol/L<serum K'<5.5 mmol/L. The two groups of patients were followed for 70 months to observe the
occurrence of clinical events. The primary endpoint was cardiovascular death and the secondary endpoint was all-cause death.
Results: The median follow-up time was 15.00 months. In terms of baseline profile characteristics, serum creatinine levels were
significantly lower in Group 1 than in Group 2 patients (P=0.002). In terms of the relationship between hypokalemia and clinical
outcomes, Kaplan-Meier survival analysis revealed that the incidence of clinical primary endpoint in Group 1 was significantly higher
than that in Group 2 (P < 0.001), and the incidence of the secondary endpoint did not differ significantly between the two groups (P>
005). Based on multivariate Cox regression risk model analysis, coronary heart disease, hemoglobin content, serum uric acid and usage
of anticoagulant drugs were the independent variables related to the primary endpoint of cardiovascular death (all P< 0.01).
Conclusion: The incidence of hypokalemia in older adult patients with AF was 30.98%. Hypokalemia was closely related to the
cardiovascular death, and coronary heart disease, hemoglobin content, serum uric acid level, and usage of anticoagulant drugs were the
independent risk factors for the primary endpoint event.
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Background

Arrhythmia is the most prevalent type of atrial fibrillation seen clinically, and its prevalence rises with age. With the
development of society and economy and the aging of the population, the number of older adult patients in China
suffering from atrial fibrillation has increased significantly. According to the latest epidemiological report, the prevalence
of atrial fibrillation in China in men and women over the age of 75 is as high as 5.4% and 4.9%, respectively.'

The characteristics of disease in the elderly are unique, and there are three major aspects to consider: Weakness in
elderly people due to decreased activity tolerance and weakened nutrition absorption; older adult patients frequently
suffer from multiple illnesses and take multiple drugs at the same time (diseases such as cardiovascular disease and
cancer and drugs such as diuretics, non-steroidal anti-inflammatory drugs, antiplatelet drugs, etc.); elderly people
frequently suffer from renal dysfunction. Based on the aforementioned, elderly people often suffer from electrolyte
imbalance, and hypokalemia is highly prevalent.?

Hypokalemia is a clinically common electrolyte disease characterized as a blood potassium level of < 3.5 mmol/L.
Hypokalemia is linked to a variety of arrhythmias.® According to recent research, low serum potassium levels increase
the risk of atrial fibrillation;* however, the prognosis of older adult patients with atrial fibrillation combined with
hypokalemia has not yet been reported. This retrospective cohort study was designed to elucidate the prognostic
outcomes of older adult patients with atrial fibrillation combined with hypokalemia.
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Information and Methods

Research Design

We conducted this retrospective cohort study at a single center. The Beijing Hepingli Hospital ethics review committee
approved the research protocol (No. BISHPLY Y-IRB-LW-2023-01). The study was conducted in accordance with the
principles of the Declaration of Helsinki.

Study Population
The population of the study consisted of older adult patients hospitalized with atrial fibrillation in Beijing Hepingli
Hospital from January 2016 to December 2020. The inclusion and exclusion criteria are shown in Figure 1. Based on the
inclusion and exclusion criteria, 922 patients were enrolled and 128 patients were excluded, and patients lost to follow-up
were also excluded. Finally, 794 patients were included—336 males (42.3%) and 458 females (57.7%) with an average
age of 83.64+5.65 years (range 75 to 107 years).

Patients were divided into two groups based on their serum potassium level at admission,: Group 1, (hypokalemia
group), 246 cases, serum K'<3.5 mmol/L; Group 2, (normal blood potassium group), 548 cases, 3.5mmol/L<serum
K'<5.5mmol/L (Figure 1).

(1) in-hospital elderly patients with atrial fibrillation

(2) in the Department of Cardiology, Beijing Hepingli
Hospital

(3) from January 1, 2016 to December 31, 2020

Y

922 patients met the inclusion criteria
(1) >75 years of age;
(2) ECG diagnosis of atrial fibrillation;

128 patients were excluded
(1) age <75 years;
(2) the serum potassium level is greater than 5.5Smmol/L;
(3) severe anemia;
(4) chronic kidney disease stage 5;

—> . .
(5) acute infection;
(6) severe congestive heart failure (NYHA III~1Vclass);
(7) advanced malignant tumor;
(8) autoimmune disease;
\4

Groupl:Hypokalemia,Serum
K* <3.5mmol/L(n=246)

794 subjects were included

336 males(42.3%) /
Average age 83.64+5.65yr(75~107yr) \

Group2:Normokalemia,
3.5mmol/L<Serum K*<5.5mmol/L
(n=548)

Figure | Research technology roadmap.
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Data Collection

Study data were obtained from the electronic medical records of the hospitalized patients. The data included past medical
history, baseline clinical features, laboratory tests during admission, echocardiography results, discharge diagnosis, and
follow-up clinical results. The blood samples were all fasting venous blood collected in the morning after admission, and
the automatic biochemical analyzer (LX20 biochemical analyzer, Beckman Coulter, USA) was used to determine the
serum potassium ions, uric acid, blood creatinine, and other biochemical indicators. All data were collected by six trained
independent investigators after the patients signed an informed consent form.

Follow-Up Methods and Endpoints

All selected patients were followed-up by telephone. If there was a record of re-hospitalization, the hospitalization
records and outpatient data were obtained, and the event was recorded. The primary endpoint of the study was death from
cardiovascular causes and the secondary endpoint was all-cause death.

Statistical Analysis
The count data are expressed as constituent ratio (%) and the measurement data are expressed by the mean =+ standard deviation
(X £ s). The mean of two samples was compared using #-test, and the constituent ratio of two samples was compared using the chi-
squared test. The relationship between blood potassium level and clinical endpoint was examined using Kaplan-Meier survival
analysis, and multivariate Cox stepwise regression risk model was used to analyze the independent factors related to clinical
endpoint events; the factors included in the regression equation were determined based on whether the clinical significance was
related and p value <0.1 in univariate analysis. The adjusted confounding factors included age, drinking history, smoking history,
hypertension, type 2 diabetes, dyslipidemia, chronic obstructive pulmonary disease, hypothyroidism, blood creatinine level, high-
sensitivity C-reactive protein, diuretic use, spironolactone use, ACEI/ARB/ARNI use, beta blocker use, digoxin and insulin use.
Reverse Kaplan-Meier survival analysis was used to calculate the median follow-up time. SPSS 23.0 (IBM Inc.,
Armonk, NY, USA) and R language (R Project for Statistical Computing) were used for statistical analysis. The
difference was statistically significant if P< 0.05.

Results

Baseline Characteristics of Patients in the Two Groups

The serum creatinine level of Group 1 was significantly lower than that of Group 2 (P=0.002), but there were no statistically
significant differences in other aspects, such as baseline characteristics of patients between the two groups, concomitant
diseases, basic treatment drugs, and some laboratory results (P> 0.05). There was a trend of increasing differences in hsCRP
levels between the two groups (P = 0.057), but no statistically significant difference was observed (Table 1).

Relationship Between Blood Potassium Levels and Clinical Endpoint in the Two Groups
Based on the median follow-up time, there were 56 cases (7.05%) of cardiovascular death between the two groups,
including 32 cases (13.01%) in Group 1 and 24 cases (4.38%) in Group 2, the former was significantly higher than the
latter (HR 0.347; 95% CI 0.205 to 0.590, P< 0.001) (Figure 2A); regarding the secondary endpoint, there were 87 cases
(10.96%), including 33 cases (13.41%) in Group 1 and 54 cases (9.85%) in Group 2. There was no significant difference
between the two groups (HR 0.750; 95% CI 0.486 to 1.157, P=0.193) (Figure 2B).

Analysis of Multivariate Cox Survival Regression Model for Clinical Endpoint Events
In multivariate Cox survival regression analysis, Coronary Heart Disease (CHD) (HR2.917, 95% CI: 1.227 to 6.938,
P=0.015), Hb content (HR 0.985, 95% CI: 0.974 to 0.996, P = 0.007), administration of anticoagulants (HR 2.041, 95%
CI: 1.126 to 3.700, P = 0.019), and serum uric acid levels (HR 1.002, 95% CI: 1.000 to 1.004, P = 0.016) were independently
associated with cardiovascular death as the primary endpoint after adjusting for confounding factors such as age, chronic
kidney disease, hypothyroidism, serum creatinine level, high-sensitivity c-reactive protein, and serum magnesium level
(Table 2 and 3).
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Table | Demographic and Clinical Characteristics of the Patients

Characteristics Total Group | Group 2 tly” P

N=794 n=246 n=548

Demographic characteristics

Age (yr) 83.6425.65 83.83£5.45 83.5625.74 0.630 0.529

Male 336 (42.3%) 100 (40.7%) 236 (43.1%) 0.406 0.524

Drinking 97 (12.2%) 30 (12.2%) 67 (12.2%) <0.001 0.99

Smoking 153 (19.3%) 45 (18.3%) 108 (19.7%) 0219 0.64

Underlying disease

PAF 686 (86.4%) 211 (85.8%) 475 (86.7%) 0.119 0.73

Hypertension 582 (73.3%) 180 (73.2%) 402 (73.4%) 0.009 0.925

T2DM 267 (33.6%) 85 (34.6%) 182 (33.2%) 0.137 0.711

Dyslipidemia 371 (46.7%) 118 (48.0%) 253 (46.2%) 0.221 0.638

CHD 642 (80.9%) 198 (80.5%) 444 (81.0%) 0.031 0.86

Stroke 499 (62.8%) 153 (62.2%) 346 (63.1%) 0.082 0.775

PAD 405 (51.0%) 125 (50.8%) 280 (51.1%) 0.005 0.941

CKD 122 (15.4%) 31 (12.6%) 91 (16.6%) 2.093 0.148

COPD 47 (5.9%) 13 (5.3%) 34 (6.2%) 0.258 0612

VHD 40 (5.0%) 12 (4.9%) 28 (5.1%) 0.016 0.9

Myocardiopathy 9 (1.1%) 4 (1.6%) 5 (0.9%) 0.266* 0.606

Thyroid dysfunction 20 (2.5%) 3 (1.2%) 17 (3.1%) 2451 0.117

Laboratory reports

Hb (g/L) 116.21+22.96 116.8+22.69 115.95+23.1 0.487 0.627

Cr (umol/L) 94.74+68.37 85.02+52.67 99.1£73.97 —3.053 0.002

UA (umol/L) 362.8+149.75 360.84+150.3 363.68+149.63 —0.247 0.805

LDL-C (mmol/L) 1.8+0.87 1.86+0.94 1.78+0.83 1.241 0.215

Mg (mmol/L) 0.89+0.13 0.88+0.15 0.89+0.12 —0.877 0.381

hsCRP (mg/L) 37.97452.63 43.49+56.09 35.5+50.87 1.908 0.057

NT-proBNP (pg/mL) 1069+1266.91 1102.15+1325.83 1054.12+1240.5 0.494 0.622

Therapeutic drugs

Diuretic 424 (53.4%) 137 (55.7%) 287 (52.4%) 0.753 0.386

Spirolactone 218 (27.5%) 60 (24.4%) 158 (28.8%) 1.761 0.185

ACEI or ARB or ARNI 201 (25.3%) 63 (25.6%) 138 (25.2%) 0.016 0.898

Warfarin or NOAC 135 (17.0%) 41 (16.7%) 94 (17.2%) 0.028 0.866

Amiodarone 8 (1.0%) 3 (1.2%) 5 (0.9%) <0.001* 0.987

B blockers 441 (55.5%) 143 (58.1%) 298 (54.4%) 0.967 0.325

Digoxin 77 (9.7%) 27 (11.0%) 50 (9.1%) 0.665 0.415

ASP or Clopidogrel 340 (42.8%) 110 (44.7%) 230 (42.0%) 0.522 0.47

Statins 443 (55.8%) 139 (56.5%) 304 (55.5%) 0.073 0.787

OADs 161 (20.3%) 46 (18.7%) 115 (21.0%) 0.567 0.452

Insulin 100 (12.6%) 28 (11.4%) 72 (13.1%) 0.476 0.49

CCBs 2 (0.3%) | (0.4%) 1 (0.2%) 1.000% 0.524
Notes: Values are means * standard deviation or the number of participants (%); *Correction for continuity; *Fisher’s precision probability
test.
Abbreviations: PAF, permanent atrial fibrillation; T2DM, type 2 diabetes mellitus; CHD, coronary heart disease; PAD, peripheral arterial
disease; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; VHD, valvular heart disease; Hb, hemoglobin; Cr,
creatinine; UA, Uric acid; LDL-C, low-density lipoprotein cholesterol; Mg, Magnesium; hsCRP, high-sensitivity C-reactive protein; NT-
proBNP, N-terminal pro-B-type natriuretic peptide; ACEIl, Angiotensin-Converting Enzyme Inhibitors; ARB, Angiotensin Receptor Blocker;
ARNI, Angiotensin Receptor Neprilysin inhibitors; NOAC, novel oral anticoagulants; ASP, aspirin; OADs, Oral antidiabetic drugs; CCBs,
Calcium Channel Blockers.
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Figure 2 Kaplan-Meier analysis of clinical endpoint events. (A) Major endpoints (cardiogenic death). (B) Secondary endpoint: all-cause death.
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Table 2 Univariate Cox Regression Analysis of Clinical Endpoints

Primary Composite Endpoints Univariate

HR 95% CI P

Age (yr) 1.041 0.994-1.09 0.085

Drinking 1.139 0.539-2.409 0.733

Hypertension 1.032 0.563-1.894 0918

T2DM 1.182 0.684-2.042 0.549

Thyroid dysfunction 1.024 0.141-7.42 0.981

CHD 2.396 1.025-5.599 0.044

CKD 2.763 1.562-4.886 <0.001

Cr (umol/L) 1.003 1.000-1.006 0.094

hsCRP (mg/L) 1.001 0.996—1.006 0.797

Hb (g/L) 0.984 0.973-0.995 0.006

UA (umol/L) 1.003 1.001-1.004 0.003

Mg (mmol/L) 8.378 1.379-50.919 0.021

Diuretic 1.234 0.719-2.118 0.445

Spirolactone 1.108 0.625—1.965 0.726

ACEI or ARB or ARNI 0916 0.500-1.677 0.776

B blockers 1.014 0.597-1.722 0.959

Digoxin I.144 0.49-2.669 0.755

Insulin 0.733 0.293-1.838 0.508

Warfarin or NOAC 2815 1.617—4.900 <0.001
Abbreviations: T2DM, type 2 diabetes mellitus; CHD, coronary heart disease; CKD, chronic kidney disease; Cr, creatinine;
hsCRP, high-sensitivity C-reactive protein; Hb, hemoglobin; UA, Uric acid; Mg, Magnesium; ACEIl, Angiotensin-Converting
Enzyme Inhibitors; ARB, Angiotensin Receptor Blocker; ARNI, Angiotensin Receptor Neprilysin inhibitors; NOAC, novel oral
anticoagulants.
Table 3 Multivariate Cox Regression Analysis of Clinical Endpoints

Primary Composite Endpoints Multivariate

HR 95% CI P

Age (yr) 1.027 0.979-1.078 0.279

CHD 2515 1.059-5.974 0.037

CKD 1.757 0.898-3.437 0.100

Thyroid dysfunction 0.751 0.100-5.640 0.781

hsCRP (mg/L) 1.000 0.995-1.006 0.965

Hb (g/L) 0.986 0.974-0.998 0.018

UA (umol/L) 1.002 1.000-1.004 0.020

Mg (mmol/L) 5.175 0.859-31.180 0.073

Cr (umol/L) 0.998 0.993-1.003 0.464

Warfarin or NOAC 2.426 1.363-4.317 0.003
Abbreviations: CHD, coronary heart disease; CKD, chronic kidney disease; hsCRP, high-sensitivity C-reactive protein; Hb,
hemoglobin; UA, Uric acid; Mg, Magnesium; Cr, creatinine; NOAC, novel oral anticoagulants.

Discussion

This study showed that there was a close relation between hypokalemia and cardiovascular death. In addition, the
independent risk factors for the primary endpoint event included coronary heart disease, hemoglobin content, serum uric
acid level, and usage of anticoagulant drugs. These findings suggested that prevention and treatment of hypokalemia
were of great significance in improving the prognosis of patients with atrial fibrillation.

In the present study, the incidence of hypokalemia in older adult patients with atrial fibrillation was 30.98%, which
was higher than the incidence of hypokalemia in general hospitalized patients (20%) reported in previous studies,’
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indicating that as age increased, the incidence of hypokalemia showed an increasing trend.® In this study, serum
creatinine levels in the hypokalemia group were significantly different from those in the normal blood potassium
group, as determined by the statistical analysis of general data (the level of serum creatinine in the hypokalemia group
was significantly lower than that in the normal blood potassium group), suggesting that the cause of hypokalemia in
older adult patients with atrial fibrillation was not primarily associated with renal function, and that renal hypofunc-
tion frequently resulted in hyperkalemia.” Therefore, in older adult patients with atrial fibrillation, the occurrence of
hypokalemia is more likely to be related to poor gastrointestinal absorption function and reduced potassium ion
intake.

In this study, both groups had a median follow-up of 15.00 £1.45 months (95% CI: 12.166 to 17.834, Reverse
Kaplan-Meier method). Hypokalemia was significantly associated with cardiovascular death as the primary endpoint, but
not with all-cause death as the secondary endpoint (Figure 2A and B). The reason for the difference in results is
associated with hypokalemia specifically affecting the myocardium. As stated previously, extracellular low potassium
affects the depolarization and repolarization of ventricular myocardium from a variety of aspects, resulting in
a considerably increased probability of arrhythmia and consequently increased incidence of cardiovascular death. In
this study, the all-cause death of older adult patients was related to the progression of multiple diseases, with
hypokalemia not playing a significant role.

CHD-Hb, administration of anticoagulants, and serum uric acid levels were independently linked with cardiovascular
death as the primary endpoint, irrespective of the results of univariate analysis and Cox regression multivariate analysis.
Considered an independent variable for the primary endpoint in univariate analysis, serum magnesium was not an
independent related variable in multivariate analysis, however it is close to being an independent related variable (P =
0.052). This indicates that low potassium and magnesium levels often coexist in older adult patients with atrial fibrillation
and create the electrophysiological basis for the susceptibility to malignant arrhythmia.®

In older adult patients with atrial fibrillation combined with CHD, coronary artery stenosis is often severe.” In
addition, when atrial fibrillation occurs, the atrial muscles lose their ability to contract effectively and the diastolic filling
volume of the left ventricle is reduced by at least a quarter.'® Therefore, the ventricular muscle experiences severe
ischemia. At this time, hypokalemia can result in a significant increase in the late Na* current (INa-L),'" as well as an
increase in the early after-depolarization, thereby inducing various arrhythmias.

Similar to the mechanism of CHD, Hb is an independent variable associated with the primary endpoint. When Hb is
low, the absolute amount of Hb-bound oxygen per unit volume of blood decreases, and oxygen delivery is reduced.
During atrial fibrillation, ventricular muscles are in a condition of severe hypoxia due to the reduction in fraction. Thus,
hypokalemia can also result in various arrhythmias.'?

Anticoagulation is one of the primary treatments for older adult patients with atrial fibrillation.'*'* Many older adult
patients with atrial fibrillation fail to receive standardized anticoagulant therapy due to the fact that older adult patients
often suffer from multiple basic diseases, and due to their physical weakness, low-weight status, and simultaneous use of
multiple drugs. Additionally, older adult patients are often bedridden or less active. These factors lead to a significantly
increased risk of arterial thromboembolism and the possibility of cardiovascular death in older adult patients with atrial
fibrillation.

Serum uric acid levels were also an independent variable associated with cardiovascular death as the primary
endpoint in univariate and multivariate analyses. Serum uric acid is a recognized cardiovascular disease risk factor,'
and it is associated with the occurrence of a variety of cardiovascular diseases, including atrial fibrillation.'® The
increase in serum uric acid levels are predictive of an increase in inflammation and oxidative stress.!” Inflammation,
oxidative stress, and hypokalemia together are the basis for various arrhythmia, resulting in an increase in cardiovas-
cular death.'®

This study has certain limitations. It is a single-centre retrospective cohort study and the patients were not
consecutively included, which may have led to selection bias. In addition, older adult patients are often weak after
admission and some auxiliary examinations cannot be performed, resulting in an increase in cases with incomplete
sample data and more patients being excluded. Future prospective cohort studies with larger samples are needed to
validate the conclusions of this study.
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Conclusion

Older adult patients usually suffer from multiple diseases and have different prognosis, which deserves attention. In this
study, we explored the prognosis of older adult patients with atrial fibrillation and hypokalemia. In case of older adult
patients with atrial fibrillation and hypokalemia, the incidence of cardiovascular death increased significantly and the
prognosis of these patients worsened.

Abbreviations
ACEI, Angiotensin-Converting Enzyme Inhibitors; ARB, Angiotensin Receptor Blocker; ARNI, Angiotensin Receptor
Neprilysin inhibitors; HSCRP, High-sensitivity C-reactive protein; CHD, Coronary heart disease; Hb, Hemoglobin.
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