Chen et al. BMC Cardiovascular Disorders (2018) 18:175
https://doi.org/10.1186/s12872-018-0906-1 BMC Cardiovascular Disorders

RESEARCH ARTICLE Open Access

Effect of serum electrolytes within normal @
ranges on QTc prolongation: a cross-

sectional study in a Chinese rural general
population

Yintao Chen', Xiaofan Guo', Guozhe Sun', Zhao Li", Ligiang Zheng? and Yingxian Sun'"

Abstract

Background: Many previous clinical studies have reported that prolongation of the QT interval corrected for heart
rate (QTq) is associated with an increased risk of sudden cardiac death and all-cause mortality. This study aimed to
explore associations between serum electrolytes and QTc prolongation in the north-eastern Chinese rural general
population.

Methods: We performed a cross-sectional study including 10,334 (4820 men and 5514 women) from the general
population aged =35 years in the Liaoning Province from 2012 to 2013. Anthropometric measurements, laboratory
examinations and self-reported lifestyle factor information, echocardiography and electrocardiogram were collected
by trained personnel. The associations between serum electrolytes and QTc prolongation were tested using
multiple linear regression and logistic regression analyses.

Results: The mean QTc interval were 415.6 + 18.8 and 470.1 £ 23.1 ms in normal group and QTc prolongation
group respectively. The prevalence of QTc prolongation increased significantly with a decrease in serum potassium
and an increase in magnesium. Stepwise multiple linear regression showed that age, hypertension, waist
circumference were prominently positive associated with QTc interval both in male and female population. But
serum potassium was significantly inversely associated with QTc interval. Serum magnesium and calcium also
showed a positive relationship with QTc interval. Furthermore, multiple logistic regression found that lower quartile
of serum potassium had higher risk for QTc prolongation, especially in female population (Q2 vs. Q4: OR: 1.54,
95%Cl: 1.01-2.35; Q1 vs. Q4: OR: 2.02, 95%Cl: 1.36-3.01). In addition, the higher serum magnesium increased the risk
of QTc prolongation, which was significantly only in male population.

Conclusions: In present Chinese rural general population, even with normal range, a decrease in serum potassium
and an increase in serum magnesium are important risk factors for QTc prolongation.
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Background

Many previous studies have concluded that prolongation
of the QT interval corrected for heart rate (QTc) is associ-
ated with an increased risk of sudden cardiac death,
arrhythmias and all-cause mortality [1-3]. At present, an
electrocardiogram showing QTc prolongation is an im-
portant indicator for treatment and medication in clinical
practice [4]. Many epidemiological risk factors for QTc
prolongation have previously been reported, including
older age, sex hormones and electrolyte disturbances [5—
7]. Disturbances in serum electrolytes might induce or fa-
cilitate clinical arrhythmias by interacting with abnormal
myocardial tissue, and this could even occur in a bundle
of normal cardiac tissue. Furthermore, strong evidences
has been found that identified hypokalaemia as a risk fac-
tor for QTc prolongation [8], and the dietary intake of po-
tassium has also been independently associated with the
QTc interval [9]. The same clinical studies also found that
the concentrations of sodium, calcium and magnesium in-
fluence the QTc interval [7, 10, 11]. Therefore, electrolyte
abnormalities might be an early sign of arrhythmia, in-
cluding QTc prolongation. However, most of the relevant
studies recruited participants from clinical patients, such
as patients undergoing haemodialysis [10], patients with
chronic kidney disease [12] or patients receiving psycho-
tropic drugs treatment [13], who usually suffer from
disturbances in serum electrolytes, and the number of par-
ticipants was restricted to hundreds. Studies of the associ-
ations between serum electrolytes and QTc prolongation
in a large sample from a Chinese general population have
been rare. The characteristics of the general population
and the above groups of patients are quite different which
might result in very different conclusions, and the former
population generally has normal levels of serum electro-
lytes. This present study aimed to explore associations
between serum electrolytes and QTc prolongation in the
north-eastern Chinese rural general population, which
have not previously been reported to the best of our
knowledge.

Methods

Study population

The detailed methods used in this study have been previ-
ously published [14]. A multi-stage, stratified randomly
cluster-sampling scheme was adopted to build a represen-
tative sample of men and women in Liaoning Province
that is located in Northeast China. From January 2012 to
August 2013, we invited all the eligible permanent resi-
dents aged >35 years from each village to attend the study.
Finally, 11,956 participants (85.3%) agreed and completed
the present study. The study was approved by the Ethics
Committee of China Medical University (Shenyang,
China). All procedures were performed in accordance
with the ethical standards. Written consent was obtained
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in all participants after they had been informed of the
objectives, benefits, medical items and confidentiality
agreement of personal information. If the participants
were illiterate, we obtained the written informed consents
from their proxies.

In present study, only participants with a complete set
of data regarding the variables analyzed in the study
were included, the exclusion criteria includes: recent use
(two weeks before) of diuretics or diuretics-containing
traditional Chinese medicine (# =1056), recent use of
unspecified antihypertensive drugs (n = 353), recent use
of antipsychotics (n=9), eGFR <60 mL/min/1.73 m2
(n =241), making a final sample size of 10,334 (4820 men
and 5514 women).

Data collection and measurements

The data collection and measurement methods used in
this study have been previously described [14]. Data on
demographic characteristics, lifestyle risk factors, dietary
habits and any medicines used in previous 2 weeks were
collected during a single visit by cardiologists and
trained nurses using a standard questionnaire by a
face-to-face interview. All eligible investigators must
attend the organized training sessions in advance to
maintain the importance of standardization and the
study procedures. A strict test was administered after
this training sessions, and only those who scored per-
fectly on the test could become investigators. During
data collection, our inspectors received further instruc-
tion and support from a subcommittee for quality con-
trol of central steering committee.

The participants were advised to avoid caffeinated bev-
erages and exercise for at least 30 min before the meas-
urement. After a rest period of at least 5 min, blood
pressure was measured three times at intervals of 2 min
using a standardized automatic electronic sphygmoman-
ometer (HEM-907; Omron, Japan). The mean of three
measurements of blood pressure was calculated and
used in all analyses. Hypertension was defined as a sys-
tolic blood pressure of 140 mmHg or greater, a diastolic
blood pressure of 90 mmHg or greater, or self-reported
current treatment for hypertension with antihypertensive
medication [15].

Fasting blood samples were collected in the morning
after at least 12 h of fasting for all participants. Blood
samples were obtained from an antecubital vein into
vacutainer tubes containing EDTA. Blood chemical ana-
lyses were performed at a central, certified laboratory.
Serum electrolytes, fasting plasma glucose (FPG), lipid
profiles, serum creatinine (SCr), and uric acid were
analyzed enzymatically on an autoanalyzer (Olympus,
Kobe, Japan). All laboratory equipment was calibrated
and blinded duplicate samples were used. Diabetes
mellitus was diagnosed according to the WHO criteria:
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FPG =7 mmol/L (126 mg/dL) and/or being on treatment
for diabetes [16]. Dyslipidemia was defined according to
the National Cholesterol Education ProgramThird Adult
Treatment Panel (ATP III) criteria [17]. High total choles-
terol (TC) was defined as TC > 6.21 mmol/L (240 mg/dL).
Low high density lipoprotein cholesterol (HDL-c) was
defined as HDL-c < 1.03 mmol/L (40 mg/dL). High low
density lipoprotein cholesterol (LDL-c) was defined as
LDL-C>4.16 mmol/L (160 mg/dL). High triglyceride
(TG) was defined as >2.26 mmol/L (200 mg/dL). The
estimated glomerular filtration rate (eGFR) was estimated
using the Chronic Kidney Diesease Epidemiology Collab-
oration (CKD-EPI) equation [18].

The method and standard of echocardiography mea-
surements has been published by our previous article
[19]. Left ventricular end-diastolic internal dimension
(LVIDA), interventricular septal thickness (IVSd), poster-
ior wall thickness (PWTd) were used to estimate the Left
ventricular mass (LVM) by the Devereux’s formula
according to the American Society of Echocardiography
simplified cubed equation [20]. LVM = 0.8 x [1.04{(IVSTd
+PWTd + LVIDd)>-LVIDd?}]+0.6 g Left ventricular
mass index was obtained after that LVM was divided by
height*”. And left ventricular hypertrophy (LVH) was
diagnosed using the following defining criteria [21]:
> 48 g/m*>” and 44 g/m*” for men and women respectively.

Twelve-lead resting, ten-second ECGs were performed
on all participants by well-trained cardiologists using an
ECG machine (MAC 5500; GE Healthcare, Little Chalfont,
Buckinghamshire, UK). All ECGs were standard resting
ECGs (25 mm/second paper speed and 10 mm/mV ampli-
tude). After capturing images, QTc intervals were calcu-
lated and recorded automatically by the MUSE Cardiology
Information System (version 7.0.0; GE Healthcare), the
error of which determined by an automatic algorithm was
less than +20 ms. The accuracy was 99.98%, and the sensi-
tivity was 99.62% [22]. In present study, Fridericia’s for-
mula (QTc=QT/RR"®) was used to correct the QT
interval [23]. Prolonged QTc was defined according to the
national guidelines, which recommended cut points of
450 milliseconds or longer in male and 460 milliseconds
or longer in female [24].

Statistical analysis

Continuous variables were expressed as mean values and
standard deviation (SD), whereas categorical variables
were described as frequencies and percentages. Compar-
isons between variables were analyzed by t-test or
chi-square test as appropriate. The associations between
serum electrolytes and prolonged QTc interval were
tested using Pearson correlation, multiple linear regres-
sion and logistic regression analyses, with standard
regression coefficient (), odds ratio (OR) and 95% confi-
dence intervals (CIs) calculated. All statistical analyses
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were performed using SPSS version 22.0 software
(IBM Corp., Armonk, NY, USA), and P<0.05 indicated
statistical significance.

Results

The population characteristics by QTc prolongation
were showed in Table 1 and Additional file 1: Table S1.
The prevalence of QTc prolongation in total participants
was 4.1%. Participants with QTc prolongation were more
likely to be older, higher WC, FPG, TC, HDL-C, LDL-C,
blood pressure (SBP and DBP), LVMI, 5, serum cal-
cium and serum magnesium, but lower eGFR and mean
serum potassium (P < 0.05). The mean QTc interval were
415.6 £ 18.8 and 470.1 +23.1 ms in normal group and
QTc prolongation group respectively.

Considered the gender difference for QTc prolonga-
tion, the different prevalence in male and female
grouped by quartiles of electrolytes was analyzed (Fig. 1).
Both in male and female, the prevalence of QTc pro-
longation was increasing significantly with a decrease in
the concentration of serum potassium, which was op-
posite to serum total calcium in female and magnesium
in total sample. And the prevalence of QTc prolongation
was high to 5.7% in female population with lowest quar-
tile of serum potassium. It seemed that both lower and
higher serum sodium would increase the prevalence of
QTc prolongation.

Stepwise multiple linear regression was used to ana-
lysis the risk factors of QTc prolongation (Table 2). Lots
of potential risk factors were included in the regression
model, and it was showed that age, hypertension, waist
circumference were prominently positive associated with
QTc interval in both male and female population. But
serum potassium was significantly inversely associated
with QTc interval in both male and female. Serum mag-
nesium and calcium also showed a positive relationship
with QTc interval. But diabetes and serum uric acid was
more positive relevant for QTc prolongation just in
male. And serum sodium did not show significant asso-
ciation with QTc interval, which was removed from the
regression model finally.

Furthermore, multiple logistic regression (Table 3) was
used to explore the relationships between serum electro-
lytes and QTc prolongation. It was found that lower
quartile of serum potassium had higher risk for QTc
prolongation, especially in female population (Q2 vs. Q4:
OR: 1.54, 95%CI: 1.01-2.35; Q1 vs. Q4: OR: 2.02, 95%CIL:
1.36-3.01). In addition, the higher serum magnesium
also increased the risk of prolonged QTc in total popula-
tion and male population. Compared with the lowest
quartile of sodium, only the quartile 3 showed negative
association with QTc prolongation in male participants
(OR: 0.47, 95%CI: 0.28—0.80). But calcium didn’t show any
statistically positive association with QTc prolongation.
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Table 1 Characteristics in population with or without QTc prolongation
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Variables Normal QTc QTc prolongation P value
n (%) 9913 (95.9) 421 (4.1)
Age, years 529+10.2 586+ 11.0 <0.001
Gender(%)

Male 4631 (46.7) 189 (44.9) 0463

Female 5282 (53.3) 232 (55.1)
Race (Han) (%) 9390 (94.7) 393 (933) 0219
Current smoking (%) 3546 (35.8) 150 (35.6) 0.953
Current drinking (%) 2303 (23.2) 110 (26.1) 0.169
Physical activity (%)

Low 2766 (27.9) 134 (31.8) 0212

Moderate 6590 (66.5) 264 (62.7)

Heavy 557 (5.6) 23 (5.5)
Body mass index (kg/m?2) 246+36 249+35 0.132
waist circumference (cm) 819+97 83.8+95 <0.001
Diet score 2311 23+1.1 0451
LDL-cholesterol, mmol/L 29408 30+08 0.004
HDL-cholesterol, mmol/L 14+04 1.5+04 0.002
Triglycerides, mmol/L 1615 16+13 0.741
Total cholesterol (mmol/L) 52+1.1 53+1.1 0.017
Fasting glucose, mmol/L 58+16 6.1+22 0.06
Systolic blood pressure, mmHg 139.2£220 1528 +£276 <0.001
Diastolic blood pressure, mmHg 812+113 839+138 <0.001
Estimated GFR (mL/min/1.73m?) 943+143 920+139 0.001
Serum uric acid, mmol/L 2874+820 2930+ 845 0.176
Serum sodium, mmol/L 1412£22 1414+24 0.124
Serum potassium, mmol/L 42+03 414104 <0.001
Serum calcium, mmol/L 232+0.1 234+0.1 <0.001
Serum magnesium, mmol/L 08+0.1 09+0.1 0.022
LVMlpe7, g/m?72 3924283 4314125 0.005
QTc Fredericia, ms 4156+ 188 470.1 +23.1 <0.001
QRS duration> 120 ms 117 (1.2) 67 (15.9) <0.001

Values are mean (SD) unless otherwise indicated. P-values represent the result of standard T test or Pearson chi-square test to detect differences
between the groups. The echocardiography measurements were showed in Additional file 1: Table S1
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Fig. 1 The prevalence of prolonged QTc interval in quartiles of serum electrolytes. Data is presented in total sample (A), male (B) and female (C)
participants.The serum electrolytes,natrium, potassium, calcium and magnesium, are grouped by quartile. P value indicated the prevalence
difference among the quartiles of each serum electrolytes. The thresholds for each quartile of serum electrolytes are showed in Table 3
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Table 2 Stepwise multiple linear regression for associations
between coronary risk factors and QTc interval

Male Female

Variables Coeff SE®  beta® Coeft SEP  beta
Age (per 10 years) 498 035 025 182 038 008
current smoking (yes/no)  1.55 060 004 3.60 080 0.06
waist circumference 0.20 003  0.09 023 003 0.10
Hypertension 558 063 013 334 064 008
Diabetes (yes/no) 2.66 104 004 - - -
Estimated GFR 0.09 003  0.06 0.09 0.03 0.06
Serum uric acid 0.01 0004 005 - - -
Serum calcium 5.77 244 004 1072 234 007
Serum potassium -776 085 -013 -644 088 -0.10
Serum magnesium 2023 387 008 993 228 006
LVMineo 7 - - - 003 001 004

The short dashes meaned that the variable was removed by the stepwise
process, and there were other adjusted variables including dietscore, current
drinking, BMI, physical activity, dyslipidaemia, and serum sodium which also
removed from all the models finally. ® unstandardized coefficient, ®standard
error, “standardized beta. , and the P <0.05 for all § values in the table
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Discussion

It has been observed that electrolyte disturbances may
trigger or facilitate clinical arrhythmias that might result
in sudden death, even in a bundle of normal cardiac tis-
sue [25]. Previous clinical studies found that changes in
the QTc interval were inversely associated with levels of
serum potassium and magnesium after dialysis [13] and
a low Ca®* concentration in the dialysate [10]. QTc pro-
longation has also been considered to increase the risk
of ventricular arrhythmia and sudden death in clinical
patients affected by acquired or genetic long QT syn-
drome [10], which is also presented in the healthy popu-
lation [26]. However, studies that reported the
association between serum electrolytes and the QTc
prolongation in a general population have been rare. In
the present general population, in contrast to previous
patient groups, stepwise linear regression showed that
QTc prolongation had a positive relationship with serum
magnesium and calcium, and a prominent negative rela-
tionship with of serum potassium in both male and
female sbjects. However, after adjustment for other fac-
tors, multiple logistic regression only found a significant
inverse association between serum potassium and QTc

Table 3 Multiple logistic regression for associations between quartiles of serum electrolytes and QTc prolongation

Total sample Male Female
Thresholds (mmol/L) OR Lower Upper OR Lower Upper OR Lower Upper

Serum sodium

Quartile1 <1400 Reference Reference Reference

Quartile2 140.0-140.9 0.89 0.63 1.24 0.84 0.53 1.34 1.00 061 1.65

Quartile3  141.0-141.9 061" 043" 087 047" 028 080" 083 050 137

Quartile4 >1420 0.83 0.62 1.1 0.67 044 1.03 1.1 0.72 1.72
Serum potassium

Quartilel ~ <4.00 1.72" 1.30 228 167" 110 254 202" 1.36 301"

Quartile2 4.00-4.19 1.32 0.98 1.78 1.19 0.77 1.85 1.54" 1.01 2.35

Quartile3 4.20-4.39 1.04 0.76 143 0.85 0.53 137 1.27 0.83 1.95

Quartile4 > 440 Reference Reference Reference
Serum Calcium

Quartile1 <224 Reference Reference Reference

Quartile2 2.24-232 1.30 0.94 1.79 1.60 0.99 2.60 1.09 0.70 1.70

Quartile3 2.33-241 1.28 0.92 1.78 141 0.85 2.34 1.19 0.76 1.86

Quartile4 >242 1.30 092 1.83 1.16 0.68 1.99 1.40 0.89 2.22
Serum magnesium

Quartile1 <0.80 Reference Reference Reference

Quartile2 0.80-0.83 133 091 1.95 1.83 0.97 346 1.13 0.70 1.83

Quartile3  0.84-0.89 1.88" 1.20 293 406" 2.00° 822" 1.05 058 191

Quartile4 > 0.90 1.55 1.06° 226 247 132 464 121 0.74 196

All the serum electrolytes were adjusted by each other in the same model. The other adjustment factors included age, serum uric acid, body mass index, waist
circumference, race, diet score, current smoking, current drinking, physical activity, eGFR, hypertension, dyslipidaemia, diabetes and LVH

OR odds ratio
"P<0.05
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prolongation in both male and female subjects, and a
positive association between serum magnesium and QTc
prolongation in male subjects alone. Regarding the gen-
eral population in the present study, the first quartile
cut-off for serum potassium (4 mmol/L) was much
higher than the clinical diagnostic threshold for hypokal-
aemia (3.5 mmol/L), and the prevalence of hypokalaemia
in this population was only 0.9% (n=95). The preva-
lences of hyperkalaemia (0.2%, n=21, >5.3 mmol/L)
and hypermagnesemia (0.1%, n = 6, > 1.28 mmol/L) were
even lower. Hence, the vast majority of the participants
who were examined had normal levels of serum potas-
sium and magnesium. However, we also found that even
when the ranges were normal, a decrease in serum potas-
sium and an increase in serum magnesium increased the
risk of QTc prolongation in the present general population.

It is well known that the QTc interval is regulated or
affected by dysfunction of the cardiac autonomic ner-
vous system [27]. The sympathetic and parasympathetic
nervous systems control the force of heart contractions
by influencing calcium channels and control the heart
rate via potassium channels, as well as controlling atrio-
ventricular transduction [28]. It has previously been re-
ported that two-pore-domain-potassium (K2P) channels
are also expressed in the autonomic nervous system,
where they might be important modulators of neuronal
excitability [29]. In addition, as the most abundant intra-
cellular cation, potassium is the key determinant of the
resting membrane potential. The potassium gradient and
the concentration of other electrolytes could modulate
potassium currents, which might result in abnormal
electrocardiographic findings [25]. Thus, serum potas-
sium could influence the QTc interval directly by modu-
lating potassium currents or indirectly by affecting
cardiac the autonomic nervous system.

One important characteristic of this general popula-
tion is that nearly half of the population suffered from
hypertension. They also lived in north-eastern China,
which is an area with a high dietary sodium intake. It
has previously been reported that individuals with hyper-
tension displayed QTc prolongation or QTc dispersion
[30]. Some researchers have postulated that sympathetic
predominance and chronic anxiety could increase QTc
prolongation in a hypertensive population. In accordance
with previous studies, we also found a significantly posi-
tive association between hypertension and QTc pro-
longation. Because of the relatively poor economic
conditions of the present rural population, these hyper-
tensive patients usually selected diuretics or traditional
Chinese medicines (containing diuretics) for treatment,
which might result in electrolyte disturbance including
low serum potassium, and thus increase the risk of QTc
prolongation. In particular for the male population with
hypertension, a decrease serum potassium within the
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normal range was also a risk indicator. More attention
should be paid during antihypertensive therapy.

In clinical studies, the risk of QTc prolongation could
be decreased by potassium supplementation in patients
with hypokalaemia, or by an appropriate increase in the
concentration of potassium in the dialysate in patients
undergoing heamodialysis [10]. However, in the general
population, the vast majority of participants had normal
levels of serum electrolytes. It would be inappropriate to
suggest that they take potassium supplements to reduce
the risk of QTc prolongation, which might lead to another
risk status, namely, hyperkalaemia. Previous studies found
that a low dietary potassium intake was independently
associated with QTc prolongation [9], and a significantly
higher incidence of cardiovascular disease and mortality
[31]. Hence, it might be advisable to consume foods rich
in potassium to reduce the risk of QTc prolongation.

A previous study reported that the duration of the
post-dialysis QTc interval was inversely correlated with
the change in magnesium levels after dialysis [11], which
was established on the basis of single-factor analysis in
50 patients with end-stage renal disease who were
undergoing regular hemodialysis. However, another
study reported that lower levels of serum magnesium
were related to a less pronounced increase in the QTc
interval in patients with aneurysmal subarachnoid haem-
orrhage [32]. However, in this study, we found a positive
relationship between serum magnesium and QTc
prolongation in the general population without eGFR
<60 mL/min/1.73m” The clinical observational studies
had limited sample sizes and more selection bias, which
might be the causes of the difference in the results. The
results of our study indicated that an increase of serum
magnesium within the normal range might also increase
the risk of QTc prolongation in the male population.

The major limitation of the study was a cross-sectional
analysis which only made assessment of associations pos-
sible and couldn’t determine the causal effect. Second, the
ECG examination was taken at one occasion only. The
confounding effects of systematic error in measurement
and morphology of QT intervals could not be ruled out.
And due to large population, in this study the analysis has
been done from computer measured QTc interval which
in several studies have shown differences with manually
measured QTc. Third, serum electrolytes were measured
only once that might be affected by other confounding
factors including dietary intake of electrolytes and urinary
electrolyte excretion. But this population was a large sam-
ple general population which decreased the selection bias
and provided more informative reference values.

Conclusions
In conclusions, the prevalence of QTc prolongation is
significantly higher in participants with lower serum
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potassium and higher magnesium. In present Chinese
rural general population, even with normal range, a
decrease in serum potassium and an increase in serum
magnesium are important risk factors for QTc prolonga-
tion. Thus, causes of reducing serum potassium should
be paid more attention, especially for female individuals.
And the positive association between serum magnesium
and QTc prolongation in male population needs more
studies to elucidate.

Additional file

Additional file 1: Table S1. The echocardiography data with or without
QTc prolongation. (DOCX 16 kb)
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