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BACKGROUND: Dyskalemia involves critical electrolyte
abnormalities and increases mortality risk in patients
with acute clinical conditions. However, the association
between dyskalemia and adverse outcomes in the general
population is less well established.
OBJECTIVE: To investigate the association of serum po-
tassium levelswithmortality and cardiovascular events in
the general population and to explore the characteristics
of individuals at high risk.
DESIGN: A prospective cohort study.
PARTICIPANTS: A total of 5220 participants aged 50–79
years in the Chinese Multi-provincial Cohort Study.
MAIN MEASURES: Serum potassium levels were mea-
sured by the ion-selective electrode method. The out-
comes were incident cardiovascular disease (CVD), CVD
death, non-CVD death, and total death.
KEY RESULTS: Of the 5220 participants, 48.2% were
men, and the mean age was 62.3 (SD 7.6) years.
Hyperkalemia was found in 8.7% of the participants and
was significantly associated with total death (hazard ratio
[HR], 1.62; 95% confidence interval [CI], 1.18–2.23) and
CVD death (HR, 2.12; 95% CI, 1.25–3.61) after adjust-
ment. Furthermore, the HRs (95% CIs) of hyperkalemia
combined with 2 and ≥ 3 risk factors were 2.37 (1.50–
3.74) and 4.06 (2.37–6.95) for total death and 3.26 (1.56–
6.80) and 8.42 (4.06–17.50) for CVD death, respectively.
The 10-year cumulative incidence of total death was
17.4% for participants with 2 or more risk factors.
CONCLUSION: Hyperkalemia is associated with an in-
creased risk of all-cause and CVD death, and this risk is
more pronounced in patients withmultiple risk factors. Our
findings suggest that early identification and management
of hyperkalemia in the general population are warranted.
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INTRODUCTION

Potassium is the most abundant intracellular cation and plays a
major role in maintaining normal functions of nerve and
muscle. Dyskalemia involves critical electrolyte abnormali-
ties, which may contribute to development of serious or life-
threatening cardiac arrhythmias, including ventricular fibrilla-
tion, asystole, and cardiac arrest.1,2 It has already been known
that abnormalities of potassium homeostasis are associated
with adverse outcomes in patients with heart failure, acute
myocardial infarction, or other acute medical conditions.3–6

However, the association between dyskalemia and adverse
outcomes in the general population is less well established. Several
previous studies reported that community-dwelling participants
with high serum potassium levels had an increased risk of all-
cause and cardiovascular disease (CVD) mortality compared with
those with serum potassium levels in the normal range,7–9 whereas
some studies failed to show this association.10–12 Moreover, a
relationship between serum potassium levels and CVD events
was not found in cohort studies in the US general populations.7,10

Therefore, whether dyskalemia is associated with mortality or
cardiovascular events in the general population still awaits further
investigation. With the fast population aging and the epidemic of
hypertension, diabetes, and chronic kidney disease (CKD) which
have been reported to relate to serum potassium levels,13 further
studies on the risk associated with dyskalemia in the general
population are important for early identification and intervention
of dyskalemia and prevention of potential risk.
Therefore, we aimed to assess the association between

serum potassium levels and adverse outcomes, including mor-
tality and CVD events, using 10-year follow-up data from the
population-based Chinese Multi-provincial Cohort Study
(CMCS).

METHODS

Study Population

Study participants were recruited from the CMCS,14,15 which
is an ongoing prospective, population-based cohort study. In
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brief, 27,003 participants aged 35 to 64 years were recruited
from 11 provinces of China in 1992 and 1993, and 11,387
participants from 6 provinces were invited to a re-examination
in 2007 to 2008. A total of 5966 participants took part in the
re-examination,15 and 5220 participants with follow-up data
till December 31, 2018, were included in this analysis after
excluding individuals with established CVD (n = 417) or those
with missing values of serum potassiummeasurement or other
covariates at baseline (n = 329) (Supplementary Methods and
Supplementary Figure 1). The protocol was approved by the
Ethics Committee of Beijing An Zhen Hospital, Capital Med-
ical University. Written informed consent was obtained from
all participants.

Risk Factors

A standardized questionnaire was used to collect information
for demographic information, smoking status, personal medi-
cal history, and medical therapy. Height, weight, waist cir-
cumference, and blood pressure levels were measured during
physical examinations. Waist circumference was measured at
a level midway between the lower rib margin and the iliac
crest, while participants were semi-clothed. Body mass index
was calculated as weight in kilograms divided by height in
meters squared. Smoking was defined as at least 1 cigarette per
day. Hypertension was defined as a systolic blood pressure ≥
140 mm Hg and/or a diastolic blood pressure ≥ 90 mm Hg, or
use of anti-hypertension drugs within 2 weeks. Diabetes was
considered if fasting blood glucose levels were at least 7.0
mmol/L or a previously diagnosed diabetes was present. Ve-
nous blood samples were collected after at least 8 h of fasting
and stored at − 80 °C without repeated freeze–thaw cycles to
minimize any degradation. Serum potassium levels were mea-
sured by the ion-selective electrode method. Serum potassium
levels < 3.5 mmol/L and ≥ 5.0 mmol/L were defined as
hypokalemia and hyperkalemia, respectively.7,16 Fasting
blood glucose and creatinine levels were measured by enzy-
matic methods. Low-density lipoprotein cholesterol and high-
density lipoprotein cholesterol levels were measured by ho-
mogeneous assay. The estimated glomerular filtration rate
(eGFR) was calculated using the Chronic Kidney Disease
Epidemiology Collaboration equation,17 which is based on
serum creatinine and cystatin C.

Outcomes

All participants were followed up for incident CVD, CVD
death, non-CVD death, and death from all causes every 1–2
years by active interview, supplemented with linkage to local
disease surveillance systems (Supplementary Methods). Diag-
nostic criteria of CVD events were based on the WHO-
MONICA project and were modified following advances in
diagnostic methods of myocardial infarction.15,18,19 Non-CVD
death was defined as a death that was not related to CVD. All
reported events and deaths were adjudicated by a panel of
physicians including cardiologists and general physicians.

Statistical Analysis

Continuous variables are expressed as mean (SD) if normally
distributed or median (interquartile range) if non-normally distrib-
uted. Categorical variables are expressed as frequencies and per-
centages. The 10-year cumulative incidence of each outcome was
calculated using the Kaplan–Meier method by serum potassium
levels (< 3.5 mmol/L, 3.5 to < 4.0 mmol/L, 4.0 to < 4.5 mmol/L,
4.5 to < 5.0 mmol/L, and ≥ 5.0 mmol/L). Moreover, the 10-year
cumulative incidence of CVD death, non-CVD death, and CVD
events was calculated using the Aalen–Johansen estimator consid-
ering competing risk. Kaplan–Meier curves were plotted for the 5
serum potassium levels to illustrate the cumulative incidence of
total death, CVD death, non-CVD death, and CVD events. Log-
rank test was used to test the null hypothesis of no difference
overall in survival distributions between the groups. The Cox
proportional hazards model was used to calculate the hazard ratios
(HRs) and 95% confidence intervals (95% CIs) of total death,
CVD death, non-CVD death, and CVD events associated with
different serum potassium levels. The model was adjusted for age,
sex, high-density lipoprotein cholesterol, low-density lipoprotein
cholesterol, smoking, hypertension, diabetes, eGFR, use of
potassium-altering medications (diuretics, angiotensin-converting
enzyme inhibitors, angiotensin receptor blockers, and β-blockers),
and use of statins at baseline. Combining individuals with serum
potassium levels of 3.5 to < 4.0 mmol/L, 4.0 to < 4.5 mmol/L, and
4.5 to < 5.0 mmol/L, participants with serum potassium levels of
3.5 to < 5.0mmol/Lwere considered as a reference post hoc in the
models. By examining plots of Schoenfeld residuals, the propor-
tionality of the hazards assumptions was tested and fulfilled.
Sensitivity analyses were conducted a priori in participants who
were not on potassium-altering drugs including diuretics,
angiotensin-converting enzyme inhibitors, angiotensin receptor
blockers, and β-blockers at baseline (n = 4225). Additionally, we
performed the Fine andGray competing risk regression analysis to
consider competing risk. Furthermore, the 10-year cumulative
incidence of CVD event and mortality was assessed a priori in
participants with hyperkalemia combined with different numbers
of risk factors, including age ≥ 60 years, eGFR < 60 mL/min/1.73
m2, diabetes, and hypertension, using the Kaplan–Meier method.
TheCox proportional hazardsmodelwas used to estimate theHRs
and 95% CIs of adverse outcomes associated with hyperkalemia
combined with different numbers of risk factors after adjustment
for other covariates. Sensitivity analyses were conducted after
taking competing risk into consideration. All statistical tests were
two-sided, and P < 0.05 was considered statistically significant for
all analyses. Statistical analyseswere performed using SASversion
9.4 (SAS Institute, Cary, NC) and the R software (version 4.0.2).

RESULTS

Study Population and Baseline Characteristics

During the follow-up period (median, 10.5 years; 51,541.8
person-years), there were 352 deaths, including 97 CVD
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deaths and 255 non-CVD deaths. When CVD deaths and
nonfatal CVD events were combined, there were 519
CVD events during the follow-up (Supplementary
Figure 1). The mean age of the participants was 62.3
(SD 7.6, range 50–79) years and 48.2% were men. Over-
all, 1.5% of the participants had hypokalemia and 8.7%
had hyperkalemia. At baseline, 14.9% of the participants
had diabetes, 55.7% had hypertension, and 19.1% were on
drugs that may alter serum potassium levels. Participants
with hypokalemia were older and more likely to be men.
Levels of fasting blood glucose, total cholesterol, low-
density lipoprotein cholesterol, and diastolic blood pres-
sure and the prevalence of diabetes tended to increase
with serum potassium. Participants with either hypokale-
mia or hyperkalemia had a lower eGFR level but higher
level of systolic blood pressure and rates of smoking and
hypertension, compared with those with serum potassium
levels at 3.5 to < 5.0 mmol/L (Table 1).

Serum Potassium Levels, Mortality, and
Cardiovascular Incidence

Participants with either hypokalemia or hyperkalemia had a
higher 10-year cumulative incidence of all-cause mortality,
non-CVD mortality, and CVD events (Fig. 1). Such a U-
shaped relationship with serum potassium was not found for
CVD death because no CVD death occurred in participants
with hypokalemia. The results were similar after

considering competing risk (Supplementary Figure 2).
Kaplan–Meier curves showed significant differences among
participants in the 5 serum potassium categories for total
mortality, CVD mortality, and non-CVD mortality. The
survival curves of all-cause and non-CVD mortality di-
verged right after 1 year for participants with hypokalemia,
and the curves of all-cause and CVD mortality diverged
after 3.5 years for those with hyperkalemia. The difference
in the incidence of CVDwas not statistically significance (P
= 0.36) (Fig. 2).
No significantly higher risk of mortality or incident CVD

events was found for participants with hypokalemia after
adjusting for covariates compared with those with
normokalemia (Fig. 3). However, participants with
hyperkalemia were associated with a significantly higher
risk of total death (HR, 1.62; 95% CI, 1.18–2.23) and
CVD death (HR, 2.12; 95% CI, 1.25–3.61). These associa-
tions were not significant between hyperkalemia and non-
CVD death (HR, 1.39; 95% CI, 0.93–2.09) or incidence of
CVD (HR, 1.13; 95% CI, 0.84–1.51). Contribution of the
covariates in models is listed in Supplementary Table 1.
Similar associations were found in participants not using
potassium-altering drugs at baseline, except that the associ-
ation between hyperkalemia and total death became non-
significant (HR, 1.43; 95% CI, 0.98–2.10; P = 0.007)
(Supplementary Figure 3), and after considering the com-
peting risk (Supplementary Figure 4).

Table 1 Characteristics of Study Participants by Serum Potassium Level

Characteristic Total (N =
5220)

Serum potassium, mmol/L

< 3.5 (N =
76)

3.5 – < 4.0 (N
= 729)

4.0 – < 4.5 (N
= 2418)

4.5 – < 5.0 (N
= 1542)

≥ 5.0 (N =
455)

Age, mean (SD), year 62.3 (7.6) 64.4 (6.2) 63.1 (7.2) 62.0 (7.5) 62.4 (7.7) 62.1 (7.9)
Male, n (%) 2514 (48.2) 46 (60.5) 390 (53.5) 1,136 (47.0) 726 (47.1) 216 (47.5)
BMI, mean (SD), kg/m2 24.9 (3.4) 24.0 (3.3) 24.7 (3.5) 24.9 (3.3) 24.9 (3.3) 24.9 (3.8)
Waist circumference, mean (SD), cm 84.9 (10.3) 85.9 (20.4) 84.8 (9.8) 85.0 (10.0) 84.8 (10.3) 84.6 (10.0)
FBG, mean (SD), mmol/L 5.7 (1.5) 5.3 (2.0) 5.5 (1.6) 5.6 (1.4) 5.8 (1.5) 5.9 (1.8)
TC, mean (SD), mmol/L 5.2 (1.0) 4.9 (1.0) 5.0 (0.9) 5.2 (1.0) 5.3 (1.0) 5.4 (1.1)
HDL-C, mean (SD), mmol/L 1.4 (0.3) 1.4 (0.3) 1.3 (0.3) 1.4 (0.3) 1.4 (0.3) 1.4 (0.4)
LDL-C, mean (SD), mmol/L 3.3 (0.9) 2.9 (0.9) 3.1 (0.8) 3.3 (0.8) 3.4 (0.9) 3.3 (0.9)
TG, median (IQR), mmol/L 1.5 (1.1–

2.1)
1.6 (1.2–
2.1)

1.5 (1.1–2.2) 1.4 (1.1–2.1) 1.5 (1.1–2.1) 1.4 (1.0–
2.0)

eGFR, mean (SD), mL/min/1.73 m2 86.0 (15.9) 79.8 (16.0) 85.8 (15.2) 87.4 (15.1) 85.2 (16.1) 82.9 (19.5)
SBP, mean (SD), mm Hg 138.8 (20.0) 141.4

(20.5)
138.8 (19.8) 137.2 (19.2) 139.2 (19.9) 145.5

(22.7)
DBP, mean (SD), mm Hg 83.2 (10.6) 82.9 (9.9) 83.0 (11.1) 82.7 (10.5) 83.3 (10.5) 85.3 (11.3)
Smoking, n (%) 955 (18.3) 21 (27.6) 158 (21.7) 383 (15.8) 291 (18.9) 102 (22.4)
Diabetes, n (%) 776 (14.9) 10 (13.2) 106 (14.5) 324 (13.4) 250 (16.2) 86 (18.9)
Hypertension, n (%) 2906 (55.7) 50 (65.8) 439 (60.2) 1264 (52.3) 875 (56.7) 278 (61.1)
Medications, n (%)
Non-potassium-sparing diuretics 415 (8.0) 16 (21.1) 79 (10.8) 166 (6.9) 105 (6.8) 49 (10.8)
Combination of potassium-sparing and non-
potassium-sparing diuretics

163 (3.1) 5 (6.6) 28 (3.8) 70 (2.9) 46 (3.0) 14 (3.1)

ACE inhibitor/ARB 261 (5.0) 2 (2.6) 34 (4.7) 100 (4.1) 103 (6.7) 22 (4.8)
β-Blockers 239 (4.6) 2 (2.6) 34 (4.7) 103 (4.3) 82 (5.3) 18 (4.0)
Statins 154 (3.0) 0 21 (2.9) 64 (2.6) 52 (3.4) 17 (3.7)

ACE angiotensin-converting enzyme, ARB angiotensin receptor blockers, BMI body mass index, FBG fasting blood glucose, HDL-C high-density
lipoprotein cholesterol, IQR interquartile range, LDL-C low-density lipoprotein cholesterol, TC total cholesterol, TG triglycerides, eGFR estimated
glomerular filtration rate
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Risk of Mortality and Cardiovascular Events
Associated with Hyperkalemia Combined with
Other Risk Factors

The association of hyperkalemia with the incidence of CVD
and total mortality was further assessed taking into account the
number of combined risk factors (age ≥ 60 years, diabetes,
hypertension, and eGFR < 60 mL/min/1.73·m2). Among par-
ticipants with hyperkalemia, 82.0% had at least 1 of the 4 risk
factors, and 45.3% had multiple risk factors. No death or CVD
event occurred in hyperkalemia patients without any of the 4
risk factors, whereas the absolute risk of all outcomes was
significantly increased in those with hyperkalemia combined
with 2 or more risk factors compared with participants with
normokalemia (Table 2). The 10-year cumulative incidence of
total death, CVD death, non-CVD death, and CVD events was
significantly increased with the number of risk factors. The 10-
year cumulative incidence was 17.4% for total death, 9.0% for
CVD death, 9.3% for non-CVD death, and 19.3% for CVD
events in participants with hyperkalemia and 2 or more risk
factors. Among those with hyperkalemia and 3 or more risk
factors, the 10-year cumulative incidence of total death was
24.4%. After adjusting for other covariates in the Cox propor-
tional hazards regression model, the HRs (95% CIs) of
hyperkalemia combined with 2 and ≥ 3 risk factors were
2.37 (1.50–3.74) and 4.06 (2.37–6.95) for total death and
3.26 (1.56–6.80) and 8.42 (4.06–17.50) for CVD death, re-
spectively (Table 2). Results did not alter much after consid-
ering competing risks (Supplementary Table 2).

DISCUSSION

In this large cohort of 5220 participants from the general
population with longer than 10 years of follow-up, we found
that hyperkalemia was associated with a higher risk of all-
cause and CVD death. The 10-year cumulative incidence of
all-cause death exceeded 10% in individuals with
hyperkalemia and 2 or more of the following 4 risk factors:
older age, low eGFR, diabetes, and hypertension.
Hyperkalemia is a common electrolyte disorder, which is

associated with an increased risk of mortality in patients with
high-risk clinical conditions.3–6 However, the association be-
tween high serum potassium levels and all-cause or CVD
mortality in the general population is less well established.
Several studies related hyperkalemia with total or CVD mor-
tality.7–9 However, in the Framingham Offspring Study, a
non-significant association between serum potassium levels
and CVD mortality was found, possibly owing to relatively
few individuals died of CVD during follow-up and limited
statistical power.10 In the Copenhagen City Heart Study and a
study in elderly Taiwanese, the association between
hyperkalemia and mortality was non-significant or borderline
significant, possibly due to the lower cut-off value of
hyperkalemia (a serum potassium level of 4.5 mmol/L) than
most other studies.11,12 Consistent with the majority of previ-
ous studies,7–9 we observed that hyperkalemia defined as a
serum potassium level ≥ 5 mmol/L was significantly associat-
ed with mortality. Moreover, most previous studies had base-
line potassium measurements conducted in the last century

Figure 1 The 10-year cumulative incidence of outcomes by different serum potassium levels. A Total death. B Non-CVD death. C CVD death. D
CVD events. CVD, cardiovascular disease.
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among Western populations.7–10 For decades, lifestyles have
undergone dramatic changes, with a consequent increase in
chronic conditions associated with hyperkalemia, such as di-
abetes, CKD, and hypertension.20–22 Our study provides con-
temporary evidence of the risk associated with high serum
potassium levels in the Chinese general population, which has
marked differences in lifestyle, particularly the dietary pattern
related to potassium levels, compared with Western popula-
tions.23–25

To the best of our knowledge, only two previous studies have
evaluated the association of serum potassium levels with inci-
dent CVD events in the general population.7,10 Neither of these
reports which were based on the Framingham Offspring Study
and the Multi-Ethnic Study of Atherosclerosis and the Cardio-
vascular Health Study showed a significant association between
serum potassium levels and the incidence of CVD in the US
population. Our findings from Chinese community-living
adults who were free of CVD at baseline are consistent with
those from previous studies in the Western population.7,10

The association of serum potassium levels with mortality,
particularly CVDmortality, rather than the incidence of CVD,

may be mainly explained by the mechanisms of potassium
homeostasis. Extracellular potassium levels are strictly con-
trolled to maintain the resting membrane potential of excitable
cells. The most plausible mechanism whereby hyperkalemia
could cause death is by induction of fatal cardiac arrhythmia.2

It has been reported that hyperkalemia increases the risk of
ventricular arrhythmia in patients with acute myocardial in-
farction.26 This suggests a potential mechanistic explanation
for why hyperkalemia is primarily associated with CVD death.
Hyperkalemia is common, particularly in patients with co-

morbidities. Notably, we found that associations between
hyperkalemia and adverse outcomes were consistently of
greater magnitude in individuals with hyperkalemia and mul-
tiple risk factors, including older age, low eGFR, diabetes, and
hypertension. The risk of all-cause and CVD death was 4.06
and 8.42 times higher, respectively, in participants with
hyperkalemia and 3 or more risk factors compared with those
with normokalemia. Moreover, the 10-year cumulative inci-
dence of total mortality in participants with hyperkalemia
reached 17.4% when combined with 2 or more risk factors
and reached 24.4%with 3 or more risk factors. The similar but

Figure 2 Kaplan–Meier curves for outcomes in participants with different serum potassium levels. A Total death. B Non-CVD death. C CVD
death. D CVD events. CVD, cardiovascular disease.
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slightly attenuated association between hyperkalemia and total
mortality in participants without using of potassium-altering
drugs could also be explained by the exclusion of the high-risk
individuals who were on drugs, in addition to the smaller
sample size. Similarly, a study on an electronic medical record
database including 911,698 individuals from a geographically
diverse US population showed a mortality rate of 35.7% in
those with hyperkalemia and heart failure, CKD, or diabetes.27

In contrast, the death rate was only 2.7% in the control group
without known CVD, acute myocardial infraction, hyperten-
sion, heart failure, CKD, or diabetes in this previous study.
The prevalence of hypertension, diabetes, and CKD is high in

the general population, especially in older people. In China,
253 million people are over the age of 60; 245 million adults
are estimated to have hypertension, 90 million to have diabe-
tes, and 132 million to have CKD.21,28,29 In fact, 82.0% of the
participants with hyperkalemia combined with at least 1 of
those factors in our study. Therefore, these findings highlight
the importance of early detection and management of
hyperkalemia in routine clinical practice. Patients with
hyperkalemia warrant close follow-up and management when
they have multiple comorbidities.
Although studies have shown that hypokalemia is associat-

ed with adverse outcomes in patients with comorbidities, such

Figure 3 HRs and 95% CI of outcomes associated with serum potassium levels with serum potassium of 3.5 to less than 5.0 mmol/L as
reference. A Total death. B Non-CVD death. C CVD death. D CVD events. CVD, cardiovascular disease; HR, hazard ratio.

Table 2 Risk of Total Death, CVD Death, Non-CVD Death, and CVD Events Associated with Hyperkalemia Combined with Risk Factors

Adverse outcome Normokalemia Hyperkalemia combined with risk factors

(N = 4689) 0 (N = 82) 1
(N = 167)

2
(N = 140)

≥ 3
(N = 66)

Total death
10-year cumulative incidence 6.1% – 7.6% 14.3% 24.4%
Adjusted HR*
(95% CI)

Reference – 1.26
(0.69–2.31)

2.37
(1.50–3.74)

4.06
(2.37–6.95)

CVD death
10-year cumulative incidence 1.5% – 0.6% 6.3% 15.1%
Adjusted HR*
(95% CI)

Reference – 0.89
(0.22–3.65)

3.26
(1.56–6.80)

8.42
(4.06–17.50)

Non-CVD death
10-year cumulative incidence 4.7% – 7.0% 8.6% 10.9%
Adjusted HR*
(95% CI)

Reference – 1.39
(0.71–2.71)

2.00
(1.12–3.59)

2.40
(1.07–5.42)

CVD events
10-year cumulative incidence 9.7% – 11.5% 15.3% 28.4%
Adjusted HR*
(95% CI)

Reference – 1.18
(0.72–1.95)

1.21
(0.75–1.94)

2.82
(1.68–4.72)

CVD cardiovascular disease, HDL-C high-density lipoprotein cholesterol, HR hazard ratio, LDL-C low-density lipoprotein cholesterol
*Models were adjusted for sex, HDL-C, LDL-C, smoking, use of potassium-altering medicines, and statin
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as heart or renal failure,30,31 the results from studies in the
general population are controversial. In most previous studies,
an association between hypokalemia and mortality or the
incidence CVD was not found after full adjustment of covar-
iates.7–10 Our study showed a higher 10-year risk of all-cause
mortality, non-CVD mortality, and incident CVD event in the
hypokalemia group than in the normokalemia group. Unlike
the higher risk of all-cause mortality that may be driven by
both CVD and non-CVD mortality in patients with
hyperkalemia, the higher risk of all-cause mortality could be
merely driven by the non-CVD mortality in patients with
hypokalemia, as there was no CVD mortality in this group.
However, consistent with most previous studies,7–10 no sig-
nificant associations were found between hypokalemia and
these outcomes after adjusting for confounding factors. These
negative findings may have been caused by a relatively small
number of participants in the hypokalemia group.10 Another
interpretation is that the risk associated with hypokalemia may
be largely explained by other risk factors, such as older age, a
higher prevalence of hypertension, and the use of diuretics.7–9

In contrast, two previous studies also showed that hypokale-
mia was significantly associated with an increased risk of all-
cause or CVD death among community-dwelling individ-
uals.11,12 Therefore, future studies with a larger sample size
of participants with hypokalemia are required to further assess
its associated risk.
Although our data are observational and cannot demon-

strate causality, our results may be of great value in preventing
the risk associated with hyperkalemia. The prevalence of
hyperkalemia has been increasing owing to the increase in
risk factors associated with hyperkalemia, such as population
aging, CKD, diabetes, hypertension, and wide use of renin–
angiotensin–aldosterone system inhibitors.13 The prevalence
of hyperkalemia defined as the serum potassium level ≥ 5.5
mEq/L was reported to be 2.7% in Chinese older adults, while
this rate increased to 9.1%, 5.4%, and 3.4% in those with
CKD, diabetes, and hypertension, respectively.13 Despite the
potential risk of hyperkalemia, there are few standard treat-
ment paradigms for outpatients. A low potassium diet is
restrictive and deprives patients of many healthy food choices.
Among patients who are receiving drugs that may raise serum
potassium levels, such as renin–angiotensin–aldosterone sys-
tem inhibitors, hyperkalemia may affect adherence to treat-
ment of these drugs. Therefore, identifying patients with
hyperkalemia and multiple risk factors and initiating early
intervention that reduces potassium levels safely and effec-
tively are essential.32–35

The strengths of this study include its long-term follow-up,
the standardized procedures for data collection, and adjudica-
tion of suspected CVD using detailed evaluation criteria in the
CMCS. However, several limitations in our study need to be
considered. First, the analysis on the association between
hypokalemia and clinical outcomes may have been underpow-
ered because there were only 76 participants with serum
potassium levels < 3.5 mmol/L. Second, no death or CVD

event occurred in patients with hyperkalemia with none of the
4 risk factors, which precluded us from evaluating the risk
associated with hyperkalemia alone. Third, levels of risk fac-
tors and serum potassium may change during the long-term
follow-up, and the definition of dyskalemia based on a one-
time measurement of serum potassium level may subject to
misclassification. Additionally, owing to the observational
design, residual confounding might have contributed to the
findings.

CONCLUSION

In summary, in this large, long-term cohort study in the
general population, hyperkalemia was associated with an in-
creased risk of all-cause and CVD mortality, and this risk was
particularly high in those with multiple risk factors. Our study
provides evidence for identifying individuals with a
hyperkalemia-related higher risk of all-cause and CVD
mortality.
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