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Abstract

Atrial fibrillation (AF), the most common cardiac arrhythmia, is associated with an increased risk of
stroke and heart failure, with both genetic and environmental factors contributing to its
pathophysiology. Emerging evidence suggests that KCNH2 gene dysregulation may play a role in
arrhythmogenesis, yet data in African populations remain limited. This study investigated KCNH2
gene expression in AF patients and its association with clinical and laboratory parameters. In a
matched case—control design at Aminu Kano Teaching Hospital, Nigeria, 25 participants (14 AF
patients and 11 age-matched controls) were enrolled. Peripheral blood was collected for RNA
extraction and lipid profiling. KCNH2 expression was quantified using reverse transcription real-
time PCR, and relative fold changes were calculated via the 2"~AACt method. Compared with
controls, AF patients exhibited significantly higher total cholesterol, LDL cholesterol, and triglyceride
levels (p < 0.029). KCNH2 expression was markedly reduced in AF patients, with a 17-fold decrease
(median 0.12, IQR 0.04-0.71) versus controls (2.06, IQR 1.30-2.85; p < 0.001). QTc intervals were
significantly prolonged in AF patients, and serum triglycerides were negatively correlated with
KCNH2 expression (r = -0.472, p = 0.003). These findings suggest that downregulation of KCNH2, in
combination with lipid abnormalities and QTc prolongation, may contribute to AF pathogenesis,
highlighting the potential utility of molecular and metabolic profiling in risk assessment and
precision management of AF.
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1. INTRODUCTION

Atrial fibrillation (AF) is the most prevalent form of sustained cardiac arrhythmia, affecting an
estimated 46.3 million individuals worldwide and significantly contributing to stroke, heart failure,
and mortality [1-3]. In sub-Saharan Africa, AF prevalence is approximately 4.6% [4], with a hospital-
based study in Nigeria reporting 3.76% [5]. AF is associated with life-threatening complications,
including ventricular tachycardia, sudden cardiac death, coronary artery disease, myocardial
infarction, and dementia [6]. Its pathophysiology is complex, involving electrical, structural, and
molecular remodeling of atrial tissue [7], with genetic factors—particularly ion channel-encoding
genes—playing a significant role [8].

AF can affect individuals across all age groups and often remains undiagnosed due to its
asymptomatic and paroxysmal presentation [9]. Limited access to cardiovascular and genetic
screening in low-resource settings exacerbates this diagnostic gap [10]. Despite advances in 12-lead
electrocardiography, Holter monitoring, echocardiography, and wearable cardiac sensors [11],
detection of paroxysmal AF remains suboptimal. Integrating genetic biomarkers could enhance early
AF detection, risk stratification, and precision-based management.

KCNH2 encodes the a-subunit of the hERG potassium channel, which mediates the rapid
component of the delayed rectifier potassium current (I_Kr), critical for atrial and ventricular
repolarization [12]. Mutations or dysregulation of KCNH2 are implicated in arrhythmogenic
disorders, including long QT syndrome (LQTS) and AF [13]. However, few studies have evaluated
KCNH2 transcription in peripheral blood or atrial tissue, particularly in African populations.
Reduced KCNH2 expression has been linked to ventricular arrhythmias and sudden cardiac death
[34].

Antiarrhythmic medications, especially Class III agents such as amiodarone, act primarily by
inhibiting hERG potassium channels, prolonging the cardiac action potential but increasing QT
interval (QTc) and torsade de pointes risk [14]. The association between KCNH2 gene expression and
AF remains poorly characterized, particularly in resource-limited settings such as Nigeria. This study
investigated KCNH2 gene expression in AF patients and explored its relationship with selected
cardiovascular parameters. We hypothesized that altered KCNH2 expression is significantly
associated with AF and its clinical manifestations, potentially serving as a biomarker for early
diagnosis and risk stratification.

2. METHODOLOGY

Study Design and Participants:

This is a hospital-based matched case-control study conducted on patients with an AF diagnosis
between October 2024 and December 2024 at the Department of Internal Medicine, Aminu Kano
Teaching Hospital (AKTH), Kano, Nigeria. Patients with AF who received care at the cardiology
clinic were recruited. The minimum required sample size for the study was determined via the
standard Cochran formula. Age-matched controls were selected from patients visiting the general
outpatient department (GOPD) of the same hospital as long as they did not have cardiovascular
conditions/complaints, had no relationship with cases and had no family history of AF. Eligible
participants included 14 cases and 11 controls.

Inclusion criteria:

Patients aged 18 years and above with a confirmed diagnosis of AF who were stable at the time
of the study were enrolled as cases. Patients presenting with GOPD with non-cardiovascular
complaints were recruited as controls.
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Exclusion criteria:

We excluded patients with decompensated heart failure or any other clinical emergency
condition. Patients (both cases and controls) with a known history of cigarette smoking, alcohol
consumption, chronic medical conditions (including diabetes and hyperthyroidism) and pregnant
women were excluded from the study.

Data collection:

Data were collected via a structured data capture form. Clinical parameters, such as heart rate
(HR), blood pressure (BP), and corrected QT interval (QTc) were obtained from hospital records at
the time of diagnosis, i.e., when the patients were first diagnosed with AF and recorded again at the
time of enrolment in this study, i.e., while they were already on treatment (during the study period).
BP and HR were measured via a digital sphygmomanometer with an integrated heart rate monitor.
Additionally, comprehensive records of medications prescribed to patients were documented to
assess potential therapeutic influences.

Sample collection and processing;:

Venous blood samples (5 mL) were collected from each study participant. Two millilitres (2 mL)
were transferred into EDTA tubes, and the remaining 3 mL was transferred into plain tubes for serum
analysis. The EDTA samples were immediately preserved in RNAlater® solution and transported to
the laboratory for RNA extraction and KCNH2 gene expression analysis. The blood in the plain tube
was centrifuged at 3,500 rpm for 15 minutes to separate the serum, which was subsequently used for
lipid profile assessment.

Lipid profile analysis:

Direct enzymatic methods were used to measure HDL, triglycerides, and total cholesterol. For
HDL-cholesterol, the reagent was prepared by mixing Rla with R1b solutions. Test tubes were
labelled as blank, standard, and test, and 1,000 uL of reagent was added to each tube. Serum (100 pL)
was added to the test tube, 100 puL of lipid calibrator was added to the standard tube, and 100 pL of
distilled water was added to the blank. The mixture was incubated at 37°C for 5 minutes, and the
absorbance was measured within 60 minutes. The HDL concentration was calculated by comparing
the absorbance of the sample to that of the standard and multiplying it by the known concentration
of the standard. For triglycerides and total cholesterol, test tubes were similarly labelled, and 1,000
uL of reagent was added to each tube. Serum, a lipid calibrator, and distilled water (10 uL each) were
added to the respective tubes. After incubation at 37°C for 5 minutes, the absorbance was measured,
and the concentrations were determined via the same method as that used for HDL, with the sample’s
absorbance being compared with that of the standard.

LDL cholesterol (LDL-C) was estimated via Friedewald’s equation, which calculates LDL levels
by subtracting the contribution of HDL cholesterol and a fraction of triglycerides from the total
cholesterol value.

RNA Extraction:

Total RNA was extracted from blood samples via the Prime Way Total RNA Extraction Kit
(Canada). Briefly, 200 uL of blood was lysed at room temperature with lysis buffer, and the lysate
was transferred to a spin column before centrifugation at 12,000 x g for 1 minute. The RNA was bound
to the column, washed multiple times to remove contaminants, and treated with DNase to eliminate
genomic DNA. Finally, the RNA was eluted in 60 uL of elution buffer and stored at -80°C before the
gene expression assay.

KCNH?2 gene Expression Using Two-Steps qRT-PCR:

KCNH2 gene expression was analysed via two-step reverse transcription-quantitative
polymerase chain reaction (QRT-PCR). First, reverse transcription was conducted via the FIRE Script
RT-cDNA Synthesis Kit (Solis Bio Dyne, Estonia) for cDONA synthesis under the following conditions:
reverse transcription at 50°C for 30 minutes, followed by enzyme inactivation at 85°C for 5 minutes.
The cDNA was stored at -80°C. qPCR was conducted via specific primers and probes for the KCNH2
gene and GAPDH (housekeeping gene). The qPCR protocol included initial activation at 95°C for 2
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minutes, denaturation at 95°C for 10 seconds, annealing at 60°C for 20 seconds, and extension at 72°C
for 1 minute.

Primer and probe sequences:

KCNH2 gene-specific primer (NM_000238.1):

Forward primer: 5-TGAAGGAGACGGAAGAAGG-3’

Reverse primer: 5-TGGTGCGGAAGTTGATGAG-3’

Kenh2-gene Probe: TGGCTACGCCTGCCAGCCGC

GAPDH:

Forward primer: 5-TGACTTCAACAGCGACACC-3

Reverse primer: 5'-TCTCTCTTCCTCTTGTGCTC-3’

Probe: TGCCCTCAACGACCACTTTGTCAAGCTCATTTCC

The cycle threshold (CT) obtained from the qPCR was used to calculate the relative fold change
in KCNH2 gene expression via the AACt method, with GAPDH serving as the reference gene.

FC = 2(2Ch

Were

AACt = (Clrarget, treated - Ctref, treated) — (Cttarget, control —Ctref, control)

Study variables:

Outcome Variable (also defined as cases): AF

Exposure Variable: The primary exposure of interest was the relative fold change in KCNH2 gene
expression.

Explanatory variables: We selected the following variables on the basis of the literature: age (27--
70 years), sex (male or female), marital status (single, married, widow/widower, divorced), class of
antiarrhythmic drugs (class I--IIl), family history of atrial fibrillation, heart failure, sudden cardiac
death (yes, no), systolic and diastolic blood pressure, heart rate, pulse rate, triglycerides, total
cholesterol, HDL cholesterol and LDL cholesterol.

Data Analysis:

All analyses were executed via R statistical software, version 4.4.3, with a type 1 error rate set at
5% (a0 = 0.05). Descriptive statistics summarized patient demographics and clinical variables.
Continuous variables are presented as the means and standard deviations (SDs) or medians and
interquartile ranges (IQRs) depending on the normality of the data, which were assessed via the
Shapiro-Wilk test. Categorical variables are presented as frequencies and percentages.

Bivariate associations between case—control status and categorical independent variables were
assessed using the McNemar’s test since cases were matched with controls. For continuous variables,
including KCNH2 gene expression, comparisons between cases and controls were performed via
paired samples t tests. Additionally, boxplots were used to visually compare KCNH?2 gene expression
levels between the two groups. The QTc intervals of the AF patients at the time of diagnosis and
during the study period were also compared paired sample t-test.

The correlation between KCNH2 relative fold change and the explanatory variables was
examined via Pearson’s correlation (for normally distributed variables) or Spearman’s correlation (for
non-normally distributed variables). These correlations were graphically illustrated via a correlation
matrix plot. Statistically significant correlations were further visualized via scatter plots with
regression lines and p values.

Ethical clearance:

Ethical approval for this study was obtained from the Health Research Ethics Committee of
Aminu Kano Teaching Hospital (AKTH) (AKTH/MAC/SUB/12A/P-3/V1/3817). Written informed
consent was obtained from all participants before enrolment in the study.

3. RESULT

3.1. Participant Characteristics

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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A total of 25 participants were enrolled in this study, comprising 14 patients with atrial
fibrillation (AF) and 11 age-matched controls without AF. The mean age of AF patients was 53.4 +
16.87 years, compared with 43.8 + 15.99 years among controls (Table 1; p = 0.082).

The distribution of sex and marital status was similar between the groups. Males constituted
57.14% of the AF group and 54.55% of controls, while married individuals accounted for 71.43% of

AF patients and 65.00% of controls.

A significant difference was observed in the family history of AF, which was reported in 42.86%

of cases but absent among controls (p = 0.020). Although 28.57% of AF patients reported a family

history of heart failure, the difference was not statistically significant (p = 0.112).

Exposure to antiarrhythmic drugs was exclusive to the AF group, with varying combinations of

Class I, Class III agents, and digoxin. No significant difference was observed in the family history of

sudden cardiac death (p > 0.9).

Table 1. Socio-clinical characteristics of patients with atrial fibrillation and controls.

Characteristics

Age, Mean (+SD)
Sex, n (%)
Male
Female
Marital Status, n (%)
Unmarried
Married
Class of Antiarrhythmic drugs, n (%)
Class 2 and 3
Class 2 and 3 + Digoxin
Class 3
Class 3 + Digoxin
Digoxin
(Missing)
Family History of Atrial Fibrillation, n (%)
No
Yes
Family History of Heart Failure, n (%)
No
Yes
Family History of Sudden Death, n (%)
No
Yes

IT test; 2McNemar’s Exact Test

Cases
(N=14)
53.4 (+16.87)

8.0 (57.14%)
6.0 (42.86%)

4.0(28.57%)
10.0(71.43%)

2.0 (28.57%)

1.0 (14.29%)

2.0 (28.57%)

1.0 (14.29%)

1.0 (14.29%)
7

8.0 (57.14%)
6.0 (42.86%)

Control
(N=11)
43.8 (+15.99)

6.0 (54.55%)
5.0 (45.45%)

3.0 (35.00%)
8.0 (65.00%)

0.0 (0.0%)
0.0 (0.0%)
0.0 (0.0%)
0.0 (0.0%)
0.0 (0.0%)

11.0 (100.00%)
0.0 (0.00%)

10.0 (71.43%) 11.0 (100.00%)

4.0 (28.57%)

0.0 (0.00%)

13.0 (92.86%) 11.0 (100.00%)

1.0 (7.14%)

0.0 (0.00%)

p-value

0.082!
>(.92

0.0652

0.020°

0.112

>(.92

3.2. Physical Examination and Lipid Profile

All AF patients exhibited irregular pulse rhythms, while all controls demonstrated regular

rhythms (p <0.001). The lipid profile analysis revealed higher levels of total cholesterol, triglycerides,

and LDL cholesterol in AF patients compared with controls, with all three showing statistically
significant differences (Table 2). HDL cholesterol did not differ significantly (p > 0.9).

Table 2. Physical examination findings and lipid profile parameters among study participants.

Characteristic

Pulse Rhythm, n (%)

Cases
(N=14)

Control
(N=11)

p-value

<0.001

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Irregular 14.00 (100.00%) 0.00 (0.00%)

Regular 0.00 (0.00%) 11.00 (100.00%)
Total Cholesterol, Mean (+SD) 207.48 (£59.00) 153.73 (£34.58)  0.005?
Triglycerides, Median (Q1-Q3) 184'§§ 5(_1124)“7' ! lg'f 37(_155 ST 0.008!
HDL Cholesterol, Mean (£SD) 56.20 (£13.48) 51.50 (£9.07) >0.9?
LDL Cholesterol, Mean (+SD) 109.88 (+45.65) 74.91 (£29.19) 0.0292

'Wilcoxon signed rank test; “T test; *McNemar’s Exact Test

3.3. KCNH2 Gene Expression

The real-time PCR amplification plots for KCNH2 and GAPDH are presented in Figures 1 and 2,
respectively.

A 17-fold reduction in KCNH2 gene expression (relative fold change) was observed in AF
patients (0.12, IQR: 0.04-0.71) compared with controls (2.05, IQR: 1.30-2.85), a difference that was
highly significant (p < 0.001) (Figure 3).

Cycling: KCNH2 - 1

Target KCNH2 HI —» KCNH2
Normalisation Fixed Length
Exclusion None
Threshold 0.014 starting at cycle 1
16
/~
14 /
74
12
Z
> 08
L=
3‘} 06
=2 04
02
L — ——
s 10 15 20 25 30 3s 40

Cycle

Figure 1. Real-time PCR amplification plot of KCNH2 gene.
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Cycling: GAPDH

Target GAPDH_HI — GAPDH
Normalisation Fixed Lemgth
Exclusion MNomne
Threshold 0,100 starting at cycle 1
2
1.8 e
1.6
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_ 1.2
1
o8

06
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0 f e —
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Figure 2. Real-time PCR amplification plot of GAPDH.
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category B4 Cases B control

B

Relative Fold Change

N

Cases Control
Groups

Figure 3. Comparison of KCNH2 gene expression (relative fold change) between patients AF patients and
controls (p < 0.001).

3.4. Comparison of Cardiovascular Parameters at Diagnosis and During Study

Among AF patients, QTc intervals were significantly prolonged during the study period (500.00
* 13.00 ms) compared with baseline diagnosis (346.14 + 48.37 ms, p < 0.001). The heart rate
significantly decreased from 131.43 + 14.36 bpm at diagnosis to 72.71 + 14.09 bpm during the study
(p < 0.001). No significant differences were observed in systolic and diastolic blood pressures (p >
0.05).

Table 3. Comparison of cardiovascular parameters at diagnosis and during the study among AF patients.

Parameters At Diagnosis During study period P-value
SBP 134.29+43.916
111.29+27.585 0.131
(mmHg)
DBP 86.57£30.588 ¢ 59419.104 0.337
(mmHg)
Heart-rate 131.43+14.363 72 71414.092 0.000*
(b/min)
QTC('III‘l’St)erval 346.14+48.368 500+13.000 0.000*

Paired sample T-test

3.5. Correlation Analysis

Correlation analysis revealed a moderate negative correlation between KCNH2 gene expression
and serum triglyceride levels (r = -0.472, p = 0.003), indicating that higher triglyceride levels were
associated with reduced KCNH2 expression (Figure 4). No other clinical or laboratory variables
demonstrated significant associations.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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S = 4045.56, p — 3.90-03, Brpmarman = ~0.56, Clasgog [-0.78, ~0.19L £ pn — 25

KCNH2 Gene Relative Fold change
K

Figure 4. Correlation between KCNH2 gene expression and serum triglyceride levels (r = -0.472, p = 0.003).

Table 4. Correlation of KCNH2 gene expression with cardiovascular and metabolic parameters.

Clinical Parameter Correlation with KCNH2 Expression (1) p-value
Heart Rate (HR) -0.270 0.559
Systolic Blood Pressure (SBP) -0.539 0.212
Diastolic Blood Pressure (DBP) -0.378 0.620
LDL Cholesterol 0.003 0.990
HDL Cholesterol -0.200 0.323
Triglycerides -0.472 0.003*
Total Cholesterol -0.066 0.755
QTc Interval -0.470 0.912

* indicates a significant correlation.

4, Discussion

This study provides insights into the role of KCNH2 gene expression in the pathogenesis of
atrial fibrillation (AF) in an African population. We observed significant downregulation of KCNH2
in AF patients compared with matched controls, suggesting a potential molecular mechanism
contributing to AF in this population. Our results also highlight the interplay between KCNH2
expression and clinical and laboratory parameters that influence AF outcomes.

The mean age of AF patients in this study was 53.4 years (+16.87), consistent with reports of a
younger AF presentation among Africans (~59.8 years) compared with Caucasians (~80 years) [16,17].
This may reflect shorter life expectancy, different genetic backgrounds, or earlier exposure to risk
factors in African populations. The male predominance in the AF group aligns with the well-
documented higher incidence of AF among men, attributed to social, hormonal, and
electrophysiological sex differences, including the cardioprotective effects of estrogen in women [19-
22].

A noteworthy social characteristic in our cohort was the higher proportion of married AF
patients. This may suggest a role of psychosocial factors in AF progression, as social support has been
linked to better management of chronic diseases [23]. Further studies are needed to explore the
influence of marital status on AF outcomes.

A family history of AF was significantly associated with disease status; 42% of AF patients
reported a positive history compared with none in the control group. This supports the role of genetic
predisposition in AF pathophysiology [1,8]. Similarly, 28.6% of AF patients reported a family history
of heart failure, suggesting a shared pathophysiological basis, including atrial remodelling and
fibrosis [24]. No significant differences were observed for family history of sudden death, possibly
due to the limited sample size.

The significant downregulation of KCNH2 supports its potential role in AF pathogenesis.
KCNH2 encodes the hERG potassium channel, crucial for cardiac repolarization. Reduced expression
may impair ion channel function, resulting in prolonged QT intervals, early afterdepolarizations, and
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increased susceptibility to arrhythmias [8]. Assessment of the corrected QT interval (QTc) during
follow-up revealed significant prolongation, corroborating the functional impact of reduced KCNH2
expression on ventricular repolarization and potential risk for ventricular tachycardia and sudden
cardiac death (SCD). Notably, three AF patients who died during follow-up exhibited the most
pronounced downregulation of KCNH2, suggesting a possible dose-response relationship between
gene expression and fatal arrhythmic events.

Use of Class III antiarrhythmic drugs, such as amiodarone, may contribute to reduced KCNH2
expression, as these agents are known to suppress transcription [29]. This underscores the importance
of routine ECG and QTc monitoring in AF patients receiving potassium channel blockers to mitigate
the risk of excessive QT prolongation and arrhythmic complications.

Although there was a trend toward lower KCNH2 expression in female patients, this was not
statistically significant. Previous studies have reported sex-based differences in potassium current
densities, potentially influenced by estrogen [19,20]. Larger studies are warranted to explore sex-
specific patterns of KCNH2 expression in African populations.

Significant elevations in total cholesterol, triglycerides, and LDL-C were observed in AF patients
compared with controls. Reduced atrial contraction and impaired perfusion of organs involved in
lipid metabolism may contribute to these alterations. Hyperlipidaemia may also promote AF via
atherosclerosis, inflammation, oxidative stress, electrophysiological changes, and autonomic
imbalance [30]. Importantly, KCNH2 expression correlated negatively with serum triglyceride levels,
suggesting a potential metabolic influence on ion channel regulation and AF risk.

LIMITATIONS

While this study provides valuable insights into the association between KCNH2 gene
expression and AF, a few limitations should be noted. The sample size, although adequate for initial
observations, may limit the generalizability of the findings across a broader population. Additionally,
we did not investigate specific KCNH2 gene variants, which could further elucidate the mechanisms
influencing gene expression. These considerations highlight the need for larger, variant-inclusive
studies to build on our findings.

CONCLUSION

This study revealed significant downregulation of KCNH2 gene expression in patients with AF
compared with non-AF controls, suggesting a potential role of the KCNH2 gene in the pathogenesis
of AF in the African population. The elevated lipid profile and the strong negative correlation
between serum triglyceride levels and KCNH2 expression further support a possible metabolic
influence and negative effect of hyperlipidaemia on gene regulation, which may contribute to
increased arrhythmogenic risk. Additionally, the prolongation of QTc observed in AF patients on
treatment with class III antiarrhythmic drugs confirms the impact of decreased KCNH2 gene
expression on cardiac electrophysiology and underscores the importance of regular QTc monitoring
in AF patients to prevent and minimize the risk of ventricular arrhythmia and sudden cardiac death.
The findings of this study emphasize the potential of this gene as a biomarker for risk stratification
and a therapeutic target in AF management.
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